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ABSTRACT

A gas chromatographic-mass spectrometric procedure was employed to confirm the presence of trace amounts of organic com-
pounds in the intravenous solution Infusio Darrowi. Organic contaminants in the solution analysed were concentrated by microextrac-
tion with n-pentane. The main compounds detected were 2,6-di-tert.-butyl-4-methylphenol, 2,6-di-fert.-butyl-4-ethylphenol, 2,6-di-
tert.-butyl-4-methoxyphenol, benzothiazole, isomeric C,, alkyl phenols and di(n-butyl) phthalate. These impurities were leached from

rubber stoppers during their sterilization into the intravenous solution at levels ranging ca. from 5- 107 t0 5 - 1078 g/l.

INTRODUCTION

Plastics are widely used in the manufacture of
drugs packaging and medical devices. The most
common plasticizers are phthalate esters, which
may migrate from plastic devices and containers in-
to contacting media. The leachability of plasticizers
[particularly of di-(2-ethylhexyl) phthalate] from
plastic devices into blood, blood products, haemo-
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dialysis fluids and intravenous solutions has been
extensively studied, using gas chromatography, gas
chromatography-mass spectrometry (GC-MS) [1-
10] and high-performance liquid chromatography
[11].

The objective of this study was to examine the
sources of contamination of the intravenous solu-
tion Infusio Darrowi, which had been prepared un-
der standard conditions in a laboratory. The impu-
rities in this intravenous solution and in the chem-
icals used for its preparation were determined by
GC-MS analyses of the particular n-pentane ex-
tracts.
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EXPERIMENTAL

Chemicals

The following chemicals were used: n-pentane of
spectroscopic grade (Merck, Darmstadt, Germa-
ny), l-chlorooctane (Aldrich-Chemie, Steinheim,
Germany), sodium chloride and potassium chloride
of the quality complying with the requirements of
the present Czechoslovak Pharmacopoeia (Lache-
ma, Brno, Czechoslovakia) and 1 M sodium lactate
injection (Biotika, Slovenska Lupca, Czechoslova-
kia).

The final product Infusio Darrowi (sodium chlo-
ride 4.00 g, potassium chloride 2.67 g, 1 M sodium
lactate injection 53.00 ml, redistilled water to
1000.00 ml), was prepared in the Microbiological
Department of the District Laboratory for Drugs
Control of Western Slovakia (Bratislava, Czechos-
lovakia) in accordance with the requirements of the
Czechoslovak Pharmacopoeia.

Extraction procedure .

In this study, experience with microextraction
[12-15] for the concentration of trace impurities
was used. Organic contaminants in the samples
were concentrated by a single-stage microextraction
with n-pentane {12]. The sodium lactate injection
and Infusio Darrowi prior to and after autoclaving
(121°C for 20 min) were extracted directly. Sodium
chloride and potassium chloride were extracted
from their solutions in redistilled water (20 g/I). The
solutions were cooled to 5°C prior to the extraction,
the internal standard 1-chlorooctane (107 % g/I) was
added and the solutions were extracted with n-pen-
tane (0.5 ml/l). An aliquot of the extract was used
directly for GC-MS analysis.

GC-MS conditions

GC-MS measurements were made with a Kratos
Analytical (Manchester, UK) MS 25 RFA mass
spectrometer equipped with a Carlo Erba (Milan,
Italy) Model 5160 gas chromatograph. A Chrom-
pack (Middelburg, Netherland) fused-silica capil-
lary GC column (25 m X 0.32 mm LD.) with a
CP-Sil 5 CB coating (0.12 um) was used. Helium
was used as the carrier gas. The injector temper-
ature was 250°C. The GC oven temperature was
programmed as follows: 1 min at 40°C, increased at
4°C/min to 100°C, then at 10°C/min to 240°C. For
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MS, electron impact ionization was used, the source
temperature was 200°C, the electron energy was 70
eV and the scan speed was 0.6 s per decade.

RESULTS AND DISCUSSION

GC separations of organic impurities in Infusio
Darrowi prior to and after sterilization are shown
in Fig. 1a and b, respectively. Organic compounds
were identified according to their mass spectra by a
library search. A comparison of Fig. 1la and b re-
veals that some of these compounds were detected
only in the sterilized solution or that their concen-
tration was increased on sterilization.

As the intravenous solutions are sterilized in glass
bottles, the only possible source of contamination
with leached organic compounds during the steril-
ization procedure is the black rubber stoppers. De-
rivatives of di-terz.-butylphenols are known to be
used as antioxidants and phthalate esters as plasti-
cizers in the chemical industry. The source of ben-
zothiazole (Fig. 2a) is probably 2-mercaptoben-
zothiazole, widely applied as a rubber accelerator.
We did not succeed in identifying the compound
with scan number 830 (Fig. 1b, mass spectrum in
Fig. 2b). The commercially available sodium lactate
injection used contained the same organic contami-
nants as the final Infusio Darrowi, but their levels
were lower.

The main organic impurities in the potassium
chloride samples, detected later also in the final in-
travenous solution, were Cq-alkylphenols. Their
content varied from batch to batch and obviously
depended on the packaging material and the stor-
age of the product (in some batches phenol and cre-
sol were also found).

The amount of organic contaminants in the sodi-
um chloride samples was negligible. Except for di(n-
butyl) phthalate, no other impurities were detected.
Traces of di(n-butyl)phthalate were the only con-
tamination found in the extractant n-pentane and
the redistilled water, used for the preparation of all
the solutions analysed.

The semi-quantitative determination of levels of
organic impurities was based on calculations using
the ratio of the peak areas of these compounds to
that of the internal standard. The concentrations of
organic contaminants in the final intravenous solu-
tion determined this way ranged from 5-10"%to 5 -
1078 g/l.
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Fig. 1. Chromatogram of the n-pentane extract of the intravenous solution Infusio Darrowi (a) prior to and (b) after sterilization. Scan
numbers: (a) 301 = I-chlorooctane (internal standard), 537 = benzothiazole, 1026 = 2,6-di-zer.-butyl-4-methoxyphenol, 1236-1259
= isomeric Cy-alkylphenols, 1403 = di(»-butyl) phthalate; (b) 300 = 1-chlorooctane (internal standard), 534 = benzothiazole, 830 =
unidentified, 1026 = 2,6-di-tert.-butyl-4-methoxyphenol, 1063 = 2,6-di-fert.-butyl-4-methylphenol, 1237-1244 = isomeric C,-alkyl-
phenols, 1266 = 2,6-di-tert.-butyl-4-ethylphenol, 1402 = di(n-butyl) phthalate. R.T. = Retention time in min:s.
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Fig. 2. Electron impact mass spectra obtained by GC-MS analysis of a Infusio Darrowi sample after sterilization. (a) Scan 534,
benzothiazole; (b) scan 830, unidentified compound.
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CONCLUSIONS

A simple and rapid method was developed for the
preconcentration and identification of organic con-
taminants in the intravenous solution Infusio Dar-
rowi and in chemicals used for its preparation. The
microextraction and consecutive GC-MS analysis
can be employed as a sensitive and reliable control
method for the detection of trace amounts of organ-
ic impurities. Rubber stoppers proved to be the
main source of contamination with organic com-
pounds leached into intravenous solutions during
their sterilization.
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