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Abstract O An impurity, discovered in a sample of digoxin injectable
solution commercially packaged in a syringe for single-dose delivery, was
found to originate from the rubber closure of the syringe and was iden-
tified as 2-mercaptobenzothiazole, a common accelerator for rubber
vulcanization. Several similarly packaged injectable solutions of a variety
of drugs from various manufacturers were examined and over half con-
tained 2-mercaptobenzothiazole. The compound was identified by UV
spectrophotometry (including a pH-dependent shift in its absorbance
maximum), by mass spectrometry, and by comparison with standard
2-mercaptobenzothiazole using silica gel and reverse-phase high-per-
formance liquid chromatography (HPLC). The presence of this impurity
in injectable solutions may have implications with regard to toxicity and
may interfere with the assay of digoxin injectable solution by HPLC.

Keyphrases O Injectable formulations—contamination by 2-mercap-
tobenzothiazole leached from rubber closures, single-dose syringes, sy-
ringe cartridges O 2-Mercaptobenzothiazole—contaminant of injectable
solutions, leached from rubber closures, single-dose syringes, syringe
cartridges O Drug packaging—injectable solutions, single-dose syringes,
and syringe cartridges, contamination by 2-mercaptobenzothiazole
leached from rubber closures

During the assay for digoxin in injectable solutions by
reverse-phase high-performance liquid chromatography
{HPLC) conducted according to the USP method (1), an
impurity was discovered in a sample commercially pack-
aged in a syringe for a single-dose delivery. The small
variation in mobile phase compositions permitted by the
method produced considerable differences in resolution
of digoxin from its contaminant and differences in the
digoxin assays. When the mobile phase composition was
varied, a significant difference was observed between the
change in retention time of digoxin and that of the impu-
rity, which implied that the impurity was structurally
unrelated to digoxin. The origin, identification, and sig-
nificance of this impurity are discussed in this report.
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EXPERIMENTAL

Reverse-Phase HPLC—For the analysis of digoxin injectable solu-
tions, the HPLC system consisted of a liquid chromatographl, a vari-
able-wavelength detector? set at 218 nm and 0.2 AUFS, a recorder—in-
tegrator? with a chart speed of 0.5 ¢cm/min, and an automatic injector?
set to inject 20 ul. A reverse-phase C18 column® and a mobile phase of
30% aqueous acetonitrile® were used; the flow rate was 2.0 ml/min. The
digoxin injectable solution samples were used undiluted (0.25 mg/ml).
To determine if the contaminant in the digoxin injectable solution was
a cardiac glycoside related to digoxin, samples of digoxigenin mono- and
bisdigitoxoside?, digoxigenin?, and diginatin’ were chromatographed
twice, with 26 and 30% acetonitrile as mobile phases, and were compared
by retention time to the impurity.

Concomitant Use of HPLC and UV Spectrophotometry—To ob-
tain a full UV spectrum of chromatographically pure compound, the
column effluent was passed first through a detector?, fixed at 254 nm and
connected to a recorder? to produce a chromatogram and then through
a 10-mm flow cell positioned in a rapid-scanning spectrophotometer?0
to produce the spectrum. As the mobile phase passed through the flow
cell, UV spectra were recorded every 2 sec until the intensity of the signal
reached a maximum, at which time the solvent flow from the column was
diverted, locking the sample in the flow cell. This permitted repetitive
scanning of the sample and produced a smooth spectrum of the com-

I Model 204 liquid chromatograph; Waters Associates, Millipore Corp., Milford,
MA 01757,

2 Model 450 variable-wavelength detector; Waters Associates.

3 Data Module; Waters Associates.

4 WISP 710B; Waters Associates.

5 uBondapak C-18, 10-um particle size, 300 mm (length) X 3.9 mm (i.d.); Waters
Associates.

6 For the chromatographic column used in this work, 30% acetonitrile was pre-
ferred over 26% acetonitrile (the concentration recommended by the USP) because
elution time was shortened without chromatographic interference from related
cardiac glycosides. With 30% acetonitrile, the system suitability requirements of
the USP (1) were met.

7 Burroughs Wellcome Co., Inc., Research Triangle Park, NC 27709.

8 Model 440 absorbance detector; Waters Associates.

9 Model 3390A Reporting Integrator; Hewlett-Packard Co., Palo Alto, CA

304

94304.
10 Model 8450A UV/visible spectrophotometer; Hewlett-Packard Co.
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pound even at extremely low concentrations!l. In this manner, a full
spectrum of any or all compounds in a chromatogram could be generated.
Samples were injected manually!2.

The UV spectrum of the impurity was obtained in this manner by in-
jecting the digoxin injectable solution. Small variations seen in the ab-
sorbance maximum of the impurity seemed to coincide with slight vari-
ations in the mobile phase composition. To determine if this variation
in the absorbance maximum was due to small changes in pH, a fraction
of eluant containing the impurity was collected from the column into a
microcell and treated with small aliquots of 2 N NaOH, 1 N HCI, and pH
8 buffer solution. The absorbance maximum was measured at various
pH values.

Extraction of Digoxin Injectable Solution—The contents of one
2-ml syringe of digoxin injectable solution was mixed with 2 ml of 1 N
HC] and extracted with two 5-ml portions of chloroform. The aqueous
acidic solution was made strongly basic with 2 N NaOH and extracted
with two additional 5-ml portions of chloroform. A 400-ul aliquot from
each of the four chloroform extracts was evaporated to dryness under a
nitrogen stream; the residue from each was dissolved in 100 ul of 30%
aqueous acetonitrile and analyzed by HPLC and UV spectroscopy using
the method described above. Only the first chloroform extract contained
the impurity. This solution was then extracted with 10 ml of 1 N NaOH.
The aqueous solution was acidified with 2 N HCI to pH 1 and extracted
with 5 ml of chloroform. The impurity was found only in this final chlo-
roform extract.

Extraction of Container Parts-—An empty digoxin injection con-
tainer was separated into three parts: the rubber sheath which covered
the needle, the glass barrel with its attached needle, and the rubber clo-
sure. Each part was submerged in a mixture of propylene glycol-etha-
nol-water (40:10:50), the solvent mixture used for the injection medium,
and heated in an oil bath maintained at 60° for 2 weeks13. Extracts were
examined for the presence of the impurity by HPLC.

Mass Spectroscopy—Since larger quantities of contaminant were
available from the rubber parts of the injection container than from the
injectable solution, the rubber sheath was selected as a source of a sample
of the compound for mass spectroscopy. To avoid contamination of the
compound with propylene glycol, one of the three solvents in the mixture
originally used to extract the compound from the rubber sheath, other
extraction solvents were sought: dilute NaOH solution was found to be
suitable.

A 4-mm section of the rubber sheath was placed in 2 ml of 1 N NaOH
in a tightly capped reaction vial and heated for 3 days in an oil bath
maintained at 65°. The aqueous solution was extracted with two 3-ml
portions of dichloromethane, acidified with 2 N HC], and extracted with
two 2.5-ml portions of dichloromethane. The latter two extracts were
combined, and a 100-ul aliquot was analyzed by the aforementioned
combination of HPLC and UV spectrophotometry. The solution con-
tained a compound which appeared to be reasonably pure by HPLC and
had a UV spectrum characteristic of the impurity. The dichloromethane
solution was evaporated to dryness under a stream of dry nitrogen.
Electron-impact mass spectra for this compound and for 2-mercapto-
benzothiazole'4 (I), a compound suspected to be the impurity based on
the prevailing evidence, were obtained by direct probe on a mass spec-
trometer?5,

Comparison of the Impurity to Standard I by HPLC and UV
Spectrophotometry—A slice of rubber closure (55 mg) was placed in
5 ml of 0.5 N NaOH in a tightly stoppered container and heated at 50°
for 24 hr. The solution was diluted with a mixture of CH;CN-H;0-HOAc
(50:47:3), which produced a solution of pH 7, and injected onto the re-
verse-phase column. The rubber sheath (125 mg) was treated similarly.
The extracted compound was compared to standard I by retention time
and by the UV spectrum measured using the technique described above.

s
I

11 Good spectra were obtained at absorbance readings as low as 0.01 AUFS. At
higher concentrations, smooth spectra were obtained with continuous flow through
the flowcell.

12 J6K injector; Waters Associates.

13 Undoubtedly, this was far in excess of the time required for extraction. The
extraction process was simply left unattended.

14 Aldrich Chemical Co., Milwaukee, W1 53233.

0185 LKB 9000 mass spectrometer; LKB Instruments, Inc., Rockville, MD
20852.

A mobile phase consisting of CH3CN-H,0-HOAc¢ (260:740:0.03) pro-
vided an amount of acetic acid that was sufficiently high (the mobile
phase was pH 4) to suppress ionization of the compound, but sufficiently
low to prevent its interference in the UV spectrum of the compound.

A 100-u1 portion of the digoxin injectable solution sample was mixed
with 120 ul of the mobile phase, and a 200-ul aliquot was chromato-
graphed. The impurity, which was separated from digoxin, was collected
from the column and examined in both acid and base by UV spectro-
photometry. Standard I was treated similarly, and its spectra were
compared to those of the impurity.

Silica Gel HPLC and UV Spectrophotometry—Four different di-
goxin (0.25 mg/ml) and two sodium phenobarbital (65 and 130 mg/ml)
injectable solution samples were extracted with organic solvents by the
method described below to provide samples for silica gel chromatography.
Because of its high concentration relative to the contaminant in the in-
jectable solutions, it was necessary to eliminate most of the phenobarbital
to avoid column overload and to allow resolution of the impurity from
phenobarbital. Both phenobarbital and I are weakly acidic compounds,
which eliminated simple base extraction as a means of separation. 1-
Chlorobutane had the lowest reported distribution coefficient (K = 0.4)
for phenobarbital (2), and therefore it was the solvent of choice for
elimination of phenobarbital. Water (4 ml; 8 ml for sodium phenobarbital
at 130 mg/ml), 1-chlorobutane (5 ml), the injectable solution (1-1.5 ml),
and 0.5 N HCI (1 ml) were shaken in a 30-ml separatory funnel. The upper
(chlorobutane) layer was separated, washed with four 5-ml portions of
0.5 N HC], and evaporated to dryness. The residue was partitioned be-
tween 3 ml of 0.1 N NaOH and 3 ml of heptane. The aqueous base was
acidified with 1 N HCI and extracted with 4 ml of CH5Cls. The organic
solvent was evaporated; the residue was dissolved in 200 ul of mobile
solvent, and the entire amount was chromatographed. The contaminant
was separated on a silica gel column16 with a mobile phase consisting of
heptane—isopropy! alcohol containing 1% water-acetic acid (990:10:0.3).
The column effluent was passed through a rapid-scanning spectropho-
tometer, as previously described.

Examination of Various Injectable Drug Solutions—Samples from
several manufacturers of injectable solutions of digoxin, sodium pheno-
barbital, epinephrine, lidocaine hydrochloride, mepivacaine hydro-
chloride, pilocarpine hydrochloride, and dexamethasone sodium phos-
phate, each packaged in a single-dose delivery syringe or syringe cartridge
where the solution was in contact with a rubber closure, were examined
for the presence of I by reverse-phase HPLC with a mobile phase of
CH3CN-H>0-HOAc¢ (260:740:0.3). Each injectable solution (200 ul),
except for sodium phenobarbital, was used undiluted. With phenobarbital
injectable solutions, I was not resolved from the drug during HPLC;
therefore, it was necessary to perform a preliminary extraction by the
procedure described above.

As each injectable solution was chromatographed, the fraction of eluate
containing a compound with a retention time equal to that of standard
I was collected in a microcell. The UV spectrum was recorded at pH 4 (the
mobile phase pH) and again at pH 11 or 12 after the addition of 10-20
ul of 1 N NaOH. Spectra were normalized at their absorbance maxima
(323 or 322 nm in acid; 311 or 310 nm in base) for direct comparison to
the spectra of the standard.

Quantitation—Each of the various injectable drug solutions was
quantitatively analyzed for I. The HPLC system was the same as that
used in the analysis of digoxin injectable solution, except that the vari-
able-wavelength detector was set to 323 nm and 0.04 AUFS and the
mobile phase consisted of 30% acetonitrile and 1% acetic acid in water,
Injectable solution samples were used directly without dilution. The
standard solution was prepared by dissolving I in 50% ethanol to give a
concentration of 4 or 8 ug/ml. The injection volume for samples and
standard was 40 ul. Linearity for I was established. Repeatability was
examined by making seven successive injections of I standard solution
and measuring peak area. The relative standard deviation was 0.25%.

Interference with Digoxin Assay—Three samples of digoxin in-
jectable solution known to contain I were assayed for digoxin by the
HPLC method specified in the USP (1) with 31% CH3CN, a mobile phase
in which I coeluted with digoxin, and with 29% CH3CN, a mobile phase
in which I was separated from digoxin. The percent of the label claim was
determined in each case.

RESULTS

Origin and Identity of the Contaminant—The chromatogram of
the contaminated digoxin injectable solution is shown in Fig. 1; the mobile

16 LiChrosorb Si60, 10-um particle size, 250 mm (length) X 4.6 mm (i.d.); EM
Laboratories, Inc., Elmsford, NY 10523.
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Figure 1—Chromatogram of a commercial sample of digoxin injectable
solution showing the contaminant, 2-mercaptobenzothiazole (A), and
digoxin (B). The mobile phase was 29%; acetonitrile; the detector was
set at 218 nm.
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phase was 29% acetonitrile. When a mobile phase of 26% acetonitrile was
used to obtain the chromatograms of cardiac glycosides related to digoxin,
the impurity had a retention time within 0.1 min of that of diginatin.
However, in 30% acetonitrile, diginatin and the impurity were well sep-
arated with retention times of 5.30 and 7.70 min, respectively.

The UV spectrum of chromatographically purified contaminant had
a Amax that varied from 320 to 316 nm, corresponding to slight variations
in the mobile phase composition. This implied that the impurity was
devoid of an unsaturated butyrolactone chromophore and was unrelated
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Figure 2—UV spectra of 2-mercaptobenzothiazole in acetonitrile—
waterat pH4(—)andat pH 12 (— - — - — ).
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Table I—Qualitative and Quantitative Analysis of 2-
Mercaptobenzothiazole (I) in Various Injectable Drug
Solutions 2

Amount Found,

Manufacturer Amax of Contaminant, nm (pH)? ug/mle

Standard I

— 323 or 322 (4); 311 or 310 (12) —
Dexamethasone Sodium Phosphate (4 mg/ml)

323 (4); 307 (12)¢
323 (4): 311 (12)

Digoxin (0.25 mg/ml)
323 (4); 311 (11)
323 (4); 311 (12)

323 (4); 311 (12)
323 (4); 311 (12)

Epinephrine (1:1000)
323 (4); 311 (12)

323 (4); 311 (12) 1
323 (4); 311 (12) 11.

Lidocaine Hydrochloride (2%)

>
N-o
o~

0

>0
S

;=300

Hnnio
o o
oo

>

— 0
323 (4); 311 (12)9 1.0
323 (4); 310 (12) 2.

0

lolwle]

Mepivacaine Hydrochloride (2%)

wlwle}

— 0
323 (4); 310 (12) 1.5
323 (4); 310 (12) 3.5,3.1

Pilocarpine Hydrochloride (4%)
F 323 (4); 310 (12)¢ 1.0
F 323 (4); 307 (12)¢ 0.7
Sodium Phenobarbital (60 mg/ml)

A 323 (4); 311 (11) 3.2
Sodium Phenobarbital (130 mg/ml)

A 323 (4); 311 (12) 3.4
G 323 (4); 311 (12) 5.1

¢ Each injectable solution listed represents a different lot. Some samples were
past their expiration date. ® Unless otherwise noted, normalized spectra were
practically superimposable with those of standard I. ¢ Multiple values represent
individual analyses of injectable solutions of the same lot but from different con-
tainers. ¢ UV spectrum was distorted especially at shorter wavelengths due to in-
terfering substances. ¢ Three lots from this manufacturer were free of I.

to digoxin. When measured as a function of pH, the absorbance maximum
shifted from 311 nm in base to 323 nm in acid, with the greatest shift
occurring at pH ~6-7, indicating that the compound was ionic or ioniz-
able. The impurity was partitioned from dilute hydrochloric acid into
chloroform and from chloroform into aqueous base. This partitioning
behavior, in conjunction with the observed pH profile, showed that the
impurity was an acidic compound with an estimated pK, of 6-7.

The rubber sheath and rubber closure extracts contained a compound
with a retention time and a UV spectrum that matched those of the im-
purity in the digoxin injectable solution; the glass barrel extract did not.
Thus, the impurity originated from the rubber parts of the syringe, and
since the injection medium had limited, if any, contact with the rubber
sheath which covered the needle, the contaminant was undoubtedly
leached from the rubber closure.

2-Mercaptobenzothiazole (I), a compound commonly used as an ac-
celerator in the vulcanization of rubber, contains a weakly acidic aromatic
thiol group!? and has an absorbance maximum at 320 nm (4), making it
a prime candidate for the structure of the contaminant. The electron-
impact mass spectrum for standard I and for the compound extracted
from the rubber sheath matched very closely, each with a very strong
molecular ion at m/z 167 (base peak). The impurity in the digoxin in-

17 The acidic dissociation constant of I has been determined spectrophotomet-
rically to be 6.93 in 40% aqueous ethanol at 27° (3).



Table II—Assay of Digoxin Injectable Formulation Samples by
HPLC With and Without Interference from
2-Mercaptobenzothiazole (I)

Mobile Phase
29% CH;CN 31% CH;CN
Retention Retention
Sample Time, min® Assay® Time, min¢ Assay® Difference®

1 7.55 —

8.756 95.3 5.90 106.4 11.1
2 7.30 —

8.75 96.1 5.95 116.5 20.4
3 7.15 —

8.70 95.7 5.95 106.3 10.6

a The first peak was due to the impurity (I); drift in retention time was due to
incomplete column equilibration. The compound of longer retention time was di-
goxin. ¢ Percent of label claim. ¢ Digoxin and I eluted together as a single peak.

jectable solution and the compounds extracted from the rubber sheath
and rubber closure had the same retention time and the same UV spec-
trum as standard I. The UV spectra of the standard had absorbance
maxima at 323 and 311 nm at pH 4 and pH 12, respectively (Fig. 2). These
maxima were also oberved for the impurity when treated similarly.

Examination of Other Drug Injectable Solution Samples—Efforts
to establish the source and identity of the impurity had been conducted
on one digoxin injectable solution sample. Since the contaminant was
found to originate from the rubber closure of the injection syringe, one
would expect other drug samples packaged in this or a similar type of
container to contain the contaminant also. Results of the qualitative and
quantitative analysis of all drug injectable formulation samples examined
are given in Table I. Fortunately, in most of the drug samples that were
examined qualitatively by HPLC and by UV spectrophotometry, the
injection ingredients did not interfere with the identification of I.

In some instances, the contaminant peak was not completely resolved
from the tail or leading edge of the drug or excipient peaks, and some
distortion was evident in the UV spectrum of the collected sample. This
distortion occurred only in a few samples containing low levels of I (Table
I) and, even in these cases, the distortion occurred generally in the shorter
wavelengths of the spectrum; the peak at 323 nm (in acid) was unaffected,
and the peak normally at 310 nm (in base) was sometimes shifted slightly
toward shorter wavelengths. When there was no chromatographic in-
terference, spectra of the isolated contaminant normalized at their ab-
sorbance maxima (323 nm in acid, 311 nm in base) were practically su-
perimposable with those of the standard. In the case of sodium pheno-
barbital, I was completely submerged under one large phenobarbital
absorption peak, necessitating removal of the drug by a preliminary ex-
traction.

During quantitative analysis of the various drug samples when the
detector was set to 323 nm, the only peak observed in the chromatogram,
other than peaks occasionally seen at or near the solvent front, was the
peak corresponding to 1. 2-Mercaptobenzothiazole (I) was found in over
half of the injectable solutions examined.

Silica Gel HPLC—Silica gel HPLC was performed on four digoxin
and two sodium phenobarbital injectable solutions to complement the
evidence provided by reverse-phase HPLC. Each sample contained a
compound with a retention time between 6.10 and 6.22 min, which
compared well with retention times of 6.09 and 6.19 min for duplicate
injections of standard I. The spectrum of each sample and standard had
an absorbance maximum at 327 nm, although the spectra of the impurity
from phenobarbital samples were distorted by the presence of interfering
compounds that were poorly resolved by HPLC.

Interference with Digoxin Assay—In reverse-phase HPLC, I was
influenced less significantly by changes in the mobile phase than digoxin.
Thus, in 29% CH3CN I eluted before digoxin, in 31% CH3CN the com-
pounds coeluted, and in 34% CH3CN digoxin eluted before 1. Coelution
of these two compounds during digoxin assay would give erroneously high
assay values. Table II shows that the true assay results were raised by 10.6,
11.1, and 20.4% for three digoxin samples due to interference from I.

DISCUSSION

After the contaminant in the digoxin injectable formulation was
identified, it was thought that this compound, being acidic, would be
found at higher concentrations in injectable solutions of high pH, such
as sodium phenobarbital; this proved not to be the case. The digoxin

injectable solution medium consisted of 40% propylene glycol, 10% al-
cohol, and 50% water at neutral pH; sodium phenobarbital and dexa-
methasone sodium phosphate injectable solutions were weakly basic
aqueous solutions; and epinephrine, lidocaine hydrochloride, and mep-
ivacaine hydrochloride were weakly acidic aqueous solutions. A com-
parison of the amounts of I found in the injectable solutions (Table I)
showed that the concentration of the impurity had no apparent depen-
dence on the composition or pH of the solution medium and undoubtedly
was more dependent on the level of the compound in the rubber closure.
The concentration of I varied from lot to lot of a particular drug solution,
and even from one container to the next within the same lot.

There are literature reports describing the extraction of I and related
compounds from rubber materials. Various types of rubber were ex-
tracted with solvents simulating those found in food products, and all
but chloroprene were found to contain I, its zinc salt, or 2,2-dithiobis-
(benzothiazole), all apparently assayed as I by GC (5). The compound
has also been extracted into water from rubber articles that come in
contact with foods (6, 7). Two compounds related to I, 2-(methylmer-
capto)benzothiazole (8) and 2-(2-hydroxyethylmercapto)benzothiazole
(9), have been extracted into aqueous media from the rubber closures of
disposable syringes. The latter compound reportedly arose from a reac-
tion between I and ethylene oxide, a compound used during the steril-
ization of the disposable syringes.

The official method of analysis for digoxin injectable solution (1)
specifies reverse-phase HPLC with acetonitrile-water as the mobile
phase. Unfortunately, if I were present in the digoxin solution, it might
elute from the column together with digoxin and raise the apparent an-
alytical result.

A literature survey was conducted for known toxicological properties
of I. The compound was shown to be an allergen in rubber-induced skin
sensitivity (10, 11). Mutagenic activity of I was observed in fruit flies (12),
and slight mutagenic activity was produced in cultured cells from Chinese
hamsters by a rubber extract containing I and other vulcanizing accel-
erators (7). One study revealed that the compound may produce neo-
plasms in mice (13), although the results of that study were inconclusive,
and the amounts of the compound used in that study were much greater
than the amounts found in the injectable solutions.

In conclusion, it appears that I is a common contaminant for a variety
of injectable drug solutions packaged in single-dose injection syringes
or syringe cartridges with rubber closures. It may pose problems as an
analytical or toxicological contaminant.
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