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Determination of molecular sulphur in sodium thiosulphate injection
solutions by high performance liquid chromatography

G. MiETHE and J. P. SURMANN

A method was developed to quantify the sulphur formed in decomposed sodium thiosulphate injection solutions. Elemen-
tal sulphur was extracted with cyclohexane (LLE) and analysed by RP-HPLC. A linear calibration curve with a detection
limit of 24 pug/ml was obtained. Different amounts of sulphur were detected in extemporaneous and commercial solutions.

1. Introduction

Sodium thiosulphate is used as an antidote in cases of
intoxication e.g. with cyanide, cyanogenic compounds, lost,
mustard, or nitroprusside and to prevent toxic effects of
cisplatin [1-7]. The usual preparations are solutions for
injection with concentrations of 10% or 15% sodium thio-
sulphate pentahydrate. The concentration of commercial
infusion solutions is normally 25% sodium thiosulphate
pentahydrate. The compound is standardised in the Eur-
opean Pharmacopoeia [8]. The USP includes an extra
monograph with standards for the injection solution [9].
The decomposition of aqueous sodium thiosulphate solu-
tions is a known phenomenon, but the degradation process
is still not completely understood [10, 11]. Solutions be-
come cloudy and precipitation of sulphur occurs. The pH
value of the solution is important for the stabilisation of a
pharmaceutical preparation [9-13]. Acidified solutions
have a great tendency to degradation.

The decomposition of highly concentrated thiosulphate in-
jection solutions has been examined only infrequently.
Possible degradation products of thiosulphate injections
are sulphate, sulphite, sulphur, polythionates, sulphide,
and polysulphides. Hitherto only sulphate, sulphite, sul-
phide, and sulphur have been reported as having been
identified by some authors [12—14]. Other compounds
were not found. The decomposition of thiosulphate has
been described in a considerable number of publications
[15]. The described reactions formed are diverse, very
complex, and influenced by a number of parameters. The
resulting compounds are those listed above. Under certain
conditions tetrathionate is also detectable. Polythionates
with longer chain length and polysulphides occur in addi-
tion to sulphate, sulphite, and different sulphur-homo-
cycles under extreme conditions. Sulphide, sulphite and
sulphur may be detected if a thiosulphate solution is acid-
ified. Sulphate occurs in alkaline conditions or by oxida-
tion of sulphite, sulphide, or polythionates. Heavy metals
influence the route of decomposition by their catalytic ac-
tion [15-26]. In order to obtain stable preparations, for-
mulations without disulphite and ethylenediaminetetraace-
tate [12] or heating and filtration of the batch before
filling [13] have been recommended.

This work directs its attention to the determination of mole-
cular sulphur. Sulphur is described as being insoluble in
water and poorly soluble in organic solvents except carbon
disulphide [27]. The extraction of molecular sulphur from
an aqueous medium is normally done with carbon di-
sulphide. A published method to determine sulphur in thio-
sulphate injection solutions describes extraction of the sul-
phur with carbon disulphide. The extraction is followed by
evaporation of the solvent. A final reaction with sodium
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nitroprusside results in a violet coloured complex. This
method was designed only as a limit test, and no calibration
was made. A polarographic or ionchromatographic determi-
nation was not practicable due to the small amount of sul-
phur in contrast to the high thiosulphate concentration [12].
A range of sulphur homocycles and polythionates has
been determined by Steudel etal. in sulphur hydrosols
[28, 29]. The investigation was made after extraction with
carbon disulphide or with cyclohexane from so-called Raf-
fo Sols and Selmi Sols. The extracts were analysed by
RP-HPLC. Raffo Sol can be obtained by acid decomposi-
tion of thiosulphate. Selmi Sol can be obtained by reac-
tion of aqueous sulphide and sulphite at low pH value.
The hydrophilic character of the sols is important. It is
caused by the incorporation of molecular sulphur in mi-
celles formed by polythionates. During an ageing process
of Raffo Sol a shift in the composition has been observed.
The concentration of stable sulphur compounds and poly-
thionates with small chain length increased [28].

2. Investigations and results

In order to prove the robustness of the method, examina-
tion of different thiosulphate injection solutions was
planned. Therefore both commercial products and extem-
poraneous solutions were investigated. The extempora-
neous solutions were prepared such that different kinds of
decomposition products could be expected. The pH value,
and the addition of buffer system, antioxidant, and heavy
metal chelating agent were varied. Every formulation was
prepared three times in the same manner with an interval
of 12 months. For the second batch the bulk solution was
divided into two parts (except formulation IV — all 3
batches were divided). One half was filtered through a
filter material with a pore size of 0.20 wm and filled in
ampoules. The other half of the bulk solution was filtered,
filled in ampoules and steam sterilised (Table).

The ampoules were stored in darkness and at ambient
temperature. Most of the solutions showed symptoms of
decomposition after a few months. They became cloudy
and small almost white needles or crystalline particles
were formed as a precipitate. It is obvious that this preci-
pitate is molecular sulphur in the most stable Sg-form. The
formation of a hydrosol with stabilising polythionate mi-
celles under this conditions is improbable. The small
amount of precipitate requires quantification in the ppm
range. The aim of this paper is to examine if liquid-liquid
extraction and determination of sulphur formed in thiosul-
phate injection solutions is possible.

First a suitable HPLC method was developed and tested.
The reversed phase technique with a mobile phase com-
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Table: Formulations of sodium thiosulphate injection solutions

Bulk number Na,S,0; - 5 H,O NaS;0s/g  EDTA/g  NaOH/g KH,POsg  Na,HPO4/g Aquaad Content/% pH Adjustment  pH After
or commercial (declared injectionem/g (average) sterilisation
preparation content)/g (average)
I 100.0 — — - - - ad 1000.0 10 no adj. 53

(meas. ~7)
II 100.0 0.100 1.000 — 0.050 1.120 ad 1000.0 10 no adj. 6.5

(meas. ~7)
II 100.0 0.100 — q.s. - - ad 1000.0 10 adj. to ~8.5 7.4
v 100.0 — — 0.014 - 3.850 ad 1000.0 10 adj. to ~9.0 8.2
A% 250.0 - — 0.034 — 10.010  ad 1000.0 25 adj. to 9.4 8.9
IX 100.0 - — 0.034 — 10.010  ad 1000.0 10 adj. t0 94 9.0
X 250.0 - — 0.034 — 10.010  ad 1000.0 25 adj. to 9.4 8.9
Kéhler 100.0 0.100  +* +* - +* ad 1000.0"* 10 not known  not known
Ch. 961911 (meas. ~ 8.9.)
Anfarm 250.0 - — - - - ad 1000.0 25 not known  not known
Lot1201/04/2002 (meas. ~7.0)
Apoteksbolaget 150.0 - — - - 6.00 ad 1000.0 15 not known  8.2-8.8 (decl.)

Lot 704X2372

(meas. ~8.3)

*declared as additive without speciying of quantity

** glycine and sodium chloride are declared as further additives without specifying of quantity

posed of methanol and cyclohexane was chosen. This ap-
proach takes into account the results of Steudel et al., the
nonhydrophilic character of the sulphur in the ampoules,
the low UV absorbance of methanol, and the evident sul-
phur solvating ability of cyclohexane. In order to deter-
mine the retention time of sulphur a number of pure sul-
phur solutions were measured first. The linear calibration
range and the signal response of different sulphur concen-
trations ion online UV detection were examined. For this
an appropriately diluted stock solution of sulphur in cyclo-
hexane was used.

The measured retention time of sulphur was about
2.05 min. The capacity factor was k' =2.41. Additional
peaks occurred neither after injection of sulphur concen-
trations in the linear calibration range nor after sample
overload. The quantity of 30% cyclohexane was varied in
the range of £5%. With increasing cyclohexane the reten-
tion time of sulphur decreased about 0.13 min and vice
versa. The capacity factors changed by +0.2. With the
exception of the retention time no differences in the chro-
matograms were observed. The final solvent composition
was methanol/cyclohexane (70/30). The peak obtained
after the extraction of thiosulphate solution spiked with
sulphur (500 pg/ml) was symmetrical regarding the sym-
metry factor Sq = 1.0. The peak obtained after the extrac-
tion of an injection solution (batch IV A) was symmetrical
regarding the symmetry factor Sg = 1.1. The capacity fac-
tor was k' = 2.31. No peak shoulders were observed.

The determination was limited in the upper range by an
excessive signal due to the high absorption coefficient of
sulphur. Integrable signals were obtained below 1000 ug/
ml sulphur in cyclohexane. A calibration curve obtained
from the relationship of peak area versus concentration in
the range between 100 pg/ml and 900 ug/ml was linear
(Fig. 1). It can be described by the eq. y =9710.194 x +
122897.38. The correlation coefficient was about 0.9959.
The standard deviation of the slope was 1.5%. The stand-
ard deviation of the intercept was 66% and therefore the
intercept does not differ significantly from zero. The
detection limit was about 24 ug/ml. The limit of quantifi-
cation was about 108 ug/ml (F=19, a=0.05, k=4)
(Fig 1). The relative standard deviation of the measured
peak areas was about £1.2%. The average error in recov-
ery of spiked standards was £1.4%. The standard devia-
tion of the content was about £12.0 ug/ml.

In order to determine the sulphur formed, extraction from
the aqueous injection solution is necessary. A calibration
has to be done under extraction conditions because com-
plete quantitative extraction cannot be assumed. Concen-
tration dependence of the process is probable. All quanti-
ties were doubled in view of the range of the balance used
to achieve a larger mass of sulphur to weigh out. The
addition of the sulphur was deliberately not by a stock
solution because the sulphur in the injections is not pre-
sent as a dissolved substance either. Therefore different
amounts of sulphur were added to the appropriate volume
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Fig. 1:
Calibration curve obtained by relationship of peak area 0 100 200 300 400 500 600 700 800 900 1000
versus concentration: different amounts of sulphur dis- ¢/ (pg/ml)
solved in cyclohexane analysed by HPLC
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of thiosulphate solution. The thiosulphate concentration
was identical to that of the injection solutions. It is impor-
tant to transfer the precipitated sulphur completely. There-
fore the volume of the rinse liquid has to be taken into
account. The rinse volume for every ampoule was fixed at
10.0 ml of high purity water. An equivalent volume of
high purity water was also added to the calibration solu-
tion. Cyclohexane was added as extraction medium to the
total volume. The extraction was done by shaking on a
waterbath. A small part of the organic phase was injected
into the HPLC system.

First the required extraction time and the possible range of
calibration were examined. 1.5 mg of sulphur in 10.0 ml
of sodium thiosulphate solution was extracted for 3 h with
1.00 ml of cyclohexane. Injecting the organic phase a very
large peak occurred and the detector range was exceeded.
This result was compared with the data obtained from the
sulphur solutions. The conclusion was that during 3 h
more than 60% (cs > 900 ug/ml) of the total amount of
sulphur had been dissolved in the cyclohexane. In order to
estimate the approximately required range of concentra-
tions an injection solution with apparent sulphur precipita-
tion was examined. A response in the upper third of the
detector range occurred. The calibration range was sef be-
tween 200 ug/ml and 900 ug/ml sulphur in view of these
results. The extraction time was shortened to 2h. All
other parameters were as described before. The ampoules
were examined using an equivalent extraction procedure.
Additionally a determination was performed on freshly
prepared thiosulphate solution from the bulk material used
for the extemporaneous preparations. From the result the
initial sulphur content of the injection solutions made by
ourselves was calculated.

A linear calibration curve was obtained by calculating the
relationship of peak area versus concentration (Fig. 2). It
can be described by eq. y=11906.72x — 1670301.5.
The correlation coefficient was 0.9851. The resulting de-
tection limit was 59 ug/ml. The resulting limit of quantifi-
cation was 189 ug/ml (F=10, a=0.05, k=3). The
average error of recovery was £3.7%. The relative stand-
ard deviation was about +1.4%. The standard deviation of
the content was about +28.9 ug/ml.

The measured sulphur concentrations of the ampoules ran-
ged from 296 pug/ml to 853 pug/ml sulphur. All calculated
concentrations were above the limit of quantification.
Some measured peak areas resulted in a concentration
above the limit of registration (“Erfassungsgrenze
DIN 32645”) but below the limit of quantification. No
value was beneath the limit of detection. For one batch

dilution of the cyclohexane was necessary because of the
high sulphur concentration after extraction. Using the eq.
above for the calculation the obtained values (ug/ml) are
equivalent to the concentration of sulphur in 1 ml cyclo-
hexane. This value is equivalent to the concentration of
sulphur in one ampoule (ug/10 ml), except when dilution
was necessary. The highest concentration determined
taking the dilution into account was 1387 pug sulphur in
10 ml injection solution. The initial concentration of
sulphur of the thiosulphate was determined as 146 ug/g
(£29 ug/g). The value was calculated as sulphur in so-
dium thiosulphate pentahydrate. This was equivalent to a
sulphur concentration of ~0.015%. The thiosulphate
concentration of the injection solution in each case was
determined in a separate investigation by differential pulse
polarography [30]. Considering the thiosulphate concen-
tration of each ampoules the sulphur concentrations ran-
ged from 102 pg/g to 1249 ug/g (£29 pg/g) (Fig. 3). The
values were calculated as sulphur in sodium thiosulphate
pentahydrate. Determination of the sulphur formed by
decomposition during storage was only possible for the
extemporaneous injection solutions. The calculated con-
centrations of sulphur formed by decomposition ranged
from 50 pg/g to 1118 pg/g (=29 pg/g). They were calcu-
lated as sulphur in sodium thiosulphate pentahydrate. For
commercial preparations the total amount of sulphur was
determined. The concentrations ranged from 81 pg/g to
123 ug/g (£29 ug/g) calculated as sulphur in sodium thio-
sulphate pentahydrate.

The amount of sulphur formed in the solutions correlated
with the type of stabilisation. The highest quantities of
sulphur were measurable in the injection solution without
additives (bulk I). The ampoules had a pH of about 5.3
after sterilisation, and a final pH of about 4.9 after stor-
age. The initial pH after preparation was about 7.0. The
sulphur formed in the nonsterilised, filtered bulk was 1.5
times higher than in the sterilised bulk. In the cases of
two bulks the sterilised batch had a higher degree of de-
composition (bulk II and III). With the more stable alka-
line ampoules (bulk IV) a difference was observed be-
tween the different batches. This bulk was examined over
a period of 42 months divided into a filtered and a steri-
lised batch. The filtered batches (batch A) showed faster
decomposition in the first 18 months and reached the final
concentration early. No important change occurred over
the two year period of further observation. The sulphur
concentration in the sterilised ampoules (batch B) rose
during storage. With the most stable ampoules (bulk IX)
no significant sulphur formation was found. This bulk was
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Fig. 2:
Calibration curve obtained by relationship of peak area

OO 100 200 300 400 500 600 700 800 900 1000 versus concentration: cyclohexane extraction of spiked

amounts of sulphur from 10 % sodium thiosulphate solu-
¢/ (pg/mh tion followed by HPLC analysis
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Fig. 3: Magnitudes of the measured sulphur concentrations formed by decomposition of extemporaneous thiosulphate injection solutions (relative to the

concentration of sodium thiosulphate pentahydrate of each ampoule)

prepared with alkaline pH and a higher concentration of
phosphate buffer system. In addition the whole batch ma-
terial was filled into infusion vessels, steam sterilised and
filtered before filling in ampoules. Then the batch was
divided and the half batch was sterilised again (batch IX
B). The values of sulphur concentration for formulations
IV and IX are estimated because they ranged between the
limit of registration (“Erfassungsgrenze DIN 32645) and
the limit of quantification.

For the sterilised injection solutions examined over a peri-
od of 42 months the trend of a rising sulphur concentra-
tion during ageing was evident. The dependence of thio-
sulphate decomposition on the pH and the stabilising
additives was found as expected. With a more alkaline pH
up to 9.4 initially and a higher concentration of buffer
additives the amount of sulphur formation tended to zero.
Pre-sterilisation of the whole batch of a very alkaline and
adequately buffered formulation (bulk IX) followed by fil-

~ 140+ bulk IX commercial
% 120 121 115 115 123 preparations
2 120,
=]
100+
80+
60+
40+
207
0 A " xB IX-A2 | IX-B2 Kohlerl0% Anfarm25% Apotek.15%
internal bulk number or name of commercial preparation

Fig. 4: Measured total sulphur concentration in commercial ampoules rela-
tive to the sodium thiosulphate pentahydrate concentration, com-
pared to the batches of the sterilised bulk IX of extemporaneous
solutions
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tration led to a very stable preparation. This suggests that
a stable equilibrium state is reachable. Addition of ethyle-
nediaminetetraacetate and sodium disulphite seemed to
have no advantage if the pH was not stabilised in the alka-
line range with an adequate buffer system. With the pre-
paration with a combination of ethylenediaminetetraacetate
and sodium disulphite additives, faster decomposition was
observed in the first 18 months compared to the prepara-
tion with disulphite additive alone. The final sulphur con-
centration formed after 42 months was similar (602 ug/g
bulk II; 608 pg/g bulk III). Both preparations had an in-
sufficient buffer capacity. The final pH values were low-
ered from ~7.0 to =6.5 (bulk II) and from 8.5 down to
~7.4 (bulk III).

Commercial solutions are adjusted to a high pH value of
about 8.9 and prepared with an alkaline buffer system. In
some cases the solutions are filled in ampoules made of
brown glass. The addition of disulphite and ethylenediami-
netetraacetate is common practice. Comparing a stable ex-
temporaneous solution (bulk IX) to the stable commercial
solutions no advantage was found. In both cases the
amount of total sulphur determined was not significantly
different (Fig.4). Assuming the quality of the sodium
thiosulphate used is comparable (equivalent sulphur con-
centration at the start) no sulfur formation had occurred
during storage in either preparation.

In all the solutions investigated no other peaks were de-
tected. The sulphur peak obtained was symmetrical and no
peak shoulder was observed. Formation of other sulphur
homocycles could not be shown.

3. Discussion

The method is suitable to determine the sulphur formed
by decomposition of thiosulphate in aqueous solutions. It
is shown that the extraction of crystalline, elemental, non-
hydrophilic sulphur from an aqueous medium is possible
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using a small amount of cyclohexane (in a ratio of five to
one hundred). Furthermore quantification by HPLC analy-
sis is practicable with sufficient precision and limit of
quantification. The calibration range includes the magni-
tude of sulphur concentrations caused by degradation in
high concentration injection solutions. The method is
suitable for quality control of thiosulphate injection solu-
tions.

The extraction time was chosen in order to use one meth-
od for the estimated lowest and the highest sulphur con-
centration. The wide concentration range of different de-
composed solutions had to be taken into account. To
detect smaller amounts of sulphur a longer extraction time
could increase the potential of the method. If necessary,
extraction at higher temperature, with a smaller amount of
extraction solvent, or the inclusion of an evaporation step
are possibilities. The method described has the advantage
of making all determinations without the use of highly
inflammable and toxic carbon disulphide. Extraction with
cyclohexane is rapid. HPLC gives rapid determination
with the precision of online detection. To obtain sufficient
robustness and a high precisions exact temperature con-
trol, and identical geometry of the extraction flasks and
shaking frequencies are necessary.

The most important factor for the stability of thiosulphate
injection solutions is the pH value. The more alkaline the
solution the more stable it is. A high buffer capacity is
required to prevent a decrease of the pH value. The influ-
ence of other additives seems to be insignificant. A heat-
ing process and a filtration of sulphur formed before the
final sterilisation lead to greater stability.

In this paper only Sg was determined. It is expected to be
the preferred existing form because it is the most stable
allotrope. The fact that no other sulphur homocycles were
found is no evidence that the species do not occur in such
solutions. Trace amounts of homocycles as intermediates
of the decomposition should be taken into consideration.
In order to prove the existence of homocycles a method
with high sensitivity and a very low detection limit is re-
quired.

4. Experimental

4.1. Preparation of the injection solutions

The injection solutions were prepared from sodium thiosulphate penta-
hydrate (AR > 99.5%, Riedel de Haén AG Seelze). The water was met
quality requirements of the Pharmacopoeia for injection solutions (in-house
circulating purified water system). Sodium hydroxide was used to adjust to
an alkaline pH (sodium hydroxide AR, Chemapol Prague). The pH value
was measured by potentiometry using a glass electrode (pH-Meter WTW
pH 525, WTW; combined micro pH electrode [Ag/AgCl/3M KCI] N 6000
A, Schottgerite GmbH Hofheim). For some preparations phosphate buffer
was added (disodium hydrogenphosphate, DAB 7 DDR, potassium di-
hydrogenphosphate; 2. AB DDR; VEB Laborchemie Apolda). For special
preparations sodium disulphite (>98% puriss., Riedel de Haén AG Seelze)
and ethylenediaminetetraacetate (Caesar & Loretz GmbH Hilden) were
used. For the formulation of each bulk solution see Table. The substances
were dissolved in a special container and filtered through a filter with a
pore size of 0.20 um (Sartorius Type SM 17531 DJG Werkstoff, Satorius
AG Gottingen; Celluloseacetatfilter 0,20 um, Sartorius AG Géttingen). The
solutions were filled in to ampoules (10 ml Fiolax klar; OSON Glaswaren-
fabrik Volkach) and sealed (Fiill- und VerschlieBmaschine Typ R 915, Rota
Apparate und Maschinenbau Dr. Henning GmbH & Co). If so designated
the batch was sterilised for 15 min at 121 °C at 0.2 MPa (Vakulab S 3000
steam steriliser, Miinchner Medizin Mechanik GmbH). The ampoules were
stored at RT and in darkness.

4.2. Calibration and extraction of sulphur
4.2.1. Sulphur solutions

A stock solution of sulphur Sg (Schwefel, puriss., Fluka) dissolved in cy-
clohexane (cyclohexane, HPLC quality, Baker) was made with a concentra-
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tion of 5.000 mg/ml. Different volumes were diluted with cyclohexane to
obtain concentrations between 100 ug/ml and 1500 ug/ml (Varipette 4810
and Standardtips, Eppendorf-Netheler-Hinz GmbH, Hamburg). The solu-
tions were examined by HPLC as described below.

4.2.2. Thiosulphate solutions spiked with sulphur

100.00 g Sodium thiosulphate pentahydrate was dissolved in 1.00 1 puri-
fied water to obtain a 10% solution. Different amounts of sulphur (200—
1800 ng) were added to 20.0 ml of the thiosulphate solution (balance: Sar-
torius-Basic?® Elektronische Halbmikrowaage) in the extraction flask
(100 ml Erlenmeyer flask with ground stopper). 2.00 ml cyclohexane and
20.0 ml purified water were added. The mixture was shaken on a water-
bath for 2 h at a frequency of about 100 min~' at a temperature of 25 °C
(GFL-Schiittelwasserbad 1083, Gesellschaft fiir Labortechnik mbH, Burg-
wedel). After extraction the flask was allowed to stand in order to separate
the two phases. About 20 ml of the aqueous phase was removed carefully
with a syringe. The remaining contents of the flask were transferred to a
25.0 ml test tube. After a second standing period a small amount of the
organic phase was injected into the HPLC system.

4.2.3. Thiosulphate injection solutions

The contents of the ampoules were poured into the extraction flask (50 ml
Erlenmeyer flask with ground stopper) and rinsed twice with 5.00 ml pur-
ified water (in-house high purity water system, >16 MQ). The rinse liquid
and 1.00 ml cyclohexane were added. The mixture was shaken on a water-
bath for 2 h at a frequency of about 100 min~' at a temperature of 25 °C.
The contents of the flask were transferred to a 25.0 ml test tube. After a
standing period a small amount of the organic phase was injected into the
HPLC system. The commercial preparations were obtained from the phar-
macy (10% Natriumthiosulfat-Injektionslosung, 25 x 10 ml, Ch.: 961911,
Dr. Franz Kohler Chemie GmbH Alsbach-Héhnlein, Germany; Natriumtio-
sulfas for inj. 150 mg/ml, 10 x 10 ml, Ch.: 704X2372, Apoteksbolaget
Umea, Sweden; Sodium Thiosulphate 25%, 10 x 20 ml, Ch.: 1201; Pharm.
Institut fiir Forschung und Technologie Pallini Attika, Greece).

4.3. HPLC

The separation was performed with a methanol/cyclohexane (70/30) sol-
vent mixture. 300.0 ml cyclohexane were thus added to 700.0 ml methanol
and degassed for 15 min (Bandelin Sonorex RK 100). The column
(LiChroCART®™ 125-4 HPLC Cartridge LiChrosphere 100 RP-18 (5 wm);
E. Merck Darmstadt) was equilibrated before first use or for 2 h. Column
regeneration was performed by rinsing for 20 min each with cyclohexane,
methanol and solvent after one week. The flow rate was 1.0 ml/min, the
temperature was ambient. A HPLC system combined with a diode array
UV/vis-detector was used (Intelligent Pump L-6200A; Interface L-6000;
Diode Array Detektor L-4500; MERCK HITACHI, E. Merck Darmstadt/
Hitachi, Ltd. Tokyo; Software: HPLC System Manager Chromatography
Data Station Software® Modell D-7000; MERCK HITACHI, E. Merck
Darmstadt/Hitachi, Instruments, Inc. San Jose; injection ventil: Rheodyne®™
7010, 20 ul sample loop). The solutions were injected to the HPLC system
with a 100 ul syringe (Hamilton Gastight® #1710, 100 ul; Hamilton Co.,
Reno, USA). The detector wavelength was 245 nm (data rate 400 ms).
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