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bstract

A screening procedure was developed for the identification and quantification of distigmine bromide in serum samples by using liquid chro-
atography (LC)–electrospray ionization (ESI)-mass spectrometry (MS). In this method, distigmine bromide was analyzed in 0.5 mL serum by

sing pancuronium bromide as the internal standard, and gradient elution was performed using a reversed-phase column and a mixture of 10 mM-
mmonium formate and methanol as the mobile phase. A highly sensitive assay could be performed with simple solid phase extraction using a
ation exchange cartridge column by carrying out selected ion monitoring analysis in the positive ion detection mode. The procedure was validated
n terms of linearity (0.997 < r2 < 0.999 for concentrations ranging from 5 to 250 ng/mL), extraction recovery (83.0% to 89.3%, n = 5), and detection
imit (S/N ratio, >3 at 2.5 ng/mL). The inter- and intra-day precisions (coefficient of variation; CV%) were <8.5% and <9.7%, respectively. The

nalytes were evaluated for stability and were found to be stable in serum for 1 week at 4 ◦C and 4 weeks at −30 ◦C, and successfully applied to in
he analysis of two overdose cases. This method is sensitive and useful for the detection, quantification, and confirmation of distigmine bromide
n serum.

2007 Elsevier B.V. All rights reserved.
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. Introduction

{N,N-Hexa-methylenedi-(1-methyl-3-(methyl-carbamoyl-
xy) pyridinium bromide); Ubretid®; Fig. 1} is a quaternary
mmonium compound; it is used as an anticholinesterase drug
or the treatment of multiple sclerosis and urinary retention and
o reverse paralysis of the small intestine. The side effects of
istigmine bromide overdose are nausea, vomiting, sweating,
ncreased salivation, diarrhea, abdominal cramps, and blurred

ision [1,2]. Recently, fatal intoxications following a distigmine
romide overdose have been reported [3]; however the related
nalytical data has not been published.

Although quaternary ammonium compounds are difficult to
xtract and analyze by conventional analytical methods, some

∗ Corresponding author. Tel.: +81 463 93 1121; fax: +81 463 95 5337.
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creening methods have been developed for these compounds.
ishikawa et al. [4] described the screening of nine quater-
ary ammonium compounds in blood samples by using direct
nlet electron impact ionization mass spectrometry. However,
his method cannot be used to isolate quaternary ammonium
ompounds.

High-performance liquid chromatography (HPLC) is the
ost useful technique for the rapid and sensitive analysis of qua-

ernary ammonium compounds. These compounds have been
uantitated using either reversed-phase-HPLC [5] or LC–mass
pectrometry (MS) [6–9]. In this study, an LC–electrospray
onization (ESI)-MS (LC–ESI-MS) method was developed
o analyze distigmine bromide in human serum by using

ancuronium bromide as the internal standard (IS). This
ethod was validated and used for the analysis of distig-
ine bromide in samples from cases of clinical and forensic

oisoning.

mailto:saito@is.icc.u-tokai.ac.jp
dx.doi.org/10.1016/j.jchromb.2007.02.004
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Fig. 1. Mass spectra and chemical structures of (

. Experimental

.1. Chemicals

Standard distigmine bromide was obtained from Torii Phar-
aceutical Co. Ltd. (Tokyo, Japan), and pancuronium bromide
as purchased from Sigma–Aldrich Inc. (MO, USA). The chem-

cal structures of these compounds are show in Fig. 1. A stock
olution of distigmine bromide (1 mg/mL) and working solu-
ions (10 and 1 �g/mL) were prepared in methanol. All other
hemicals were obtained from Merck (Darmstadt, Germany).
rior to use, all the solutions were filtered through a 0.45 �m
embrane filter.
Solid phase extraction (SPE) cartridges along with 500 mg of

ond Elut® CBA from Varian (CA, USA) were used for extrac-
ion. Purified deionized water was prepared using the Milli-Q
cademic Quantum Purification System (Millipore, MA, USA).

.2. Calibration curves and quality control samples

Calibration curves were prepared by analysis of 0.5 mL blank
erum to which known amount of distigmine bromide had been
dded (5, 10, 50, 100, and 250 ng/mL). The quality control (QC)
amples were separately prepared in blank serum at concen-
rations of 7.5, 90, and 200 ng/mL. The spiked serum samples
standards and quality controls) were extracted following by SPE
n the following manner.

.3. Extraction procedure

Twenty-five microliters of pancuronium bromide (1 �g/mL)

as added to 0.5 mL of the serum sample. Subsequently, 4 mL
ethanol was added to each sample. The protein fraction was

eparated by precipitation after vortexing and centrifugation.
he samples were centrifuged at 3000 rpm for 10 min. The

t

q
m

tigmine bromide and (B) pancuronium bromide.

upernatant was transferred to another clean tube, and 4 mL
eionised water was added to each tube. Subsequently, the sam-
les were mixed well and then applied to the SPE cartridges.

The SPE cartridges were conditioned with 1 mL each of
ethanol and water. The samples were applied to the con-

itioned cartridges and were passed through the cartridges
t a flow-rate of 5 mL/min using a vacuum pump. The car-
ridges were then washed with 1 mL distilled water and 1 mL
0% methanol and dried under vacuum (1 min). The residual
ompounds were eluted with 1.5 mL 50 mM hydrochloride–
ethanol. The solution thus obtained was evaporated to dry-

ess under a stream of nitrogen at room temperature. The dry
esidue was dissolved in 0.1 mL 10 mM formic ammonium solu-
ion (pH 6.4) and filtered through a 0.45 �m membrane filter
rior to injecting into the LC system.

.4. LC–ESI-MS conditions

A Shimadzu 8000� mass spectrometer equipped with an ESI
ource (Shimazdu Corp., Kyoto, Japan) and an LC 10 HPLC
ystem (Shimazdu, Tokyo, Japan) were used for LC–MS anal-
sis. Isolation was performed using an XTerra MS C18 column
150 mm × 2.1 mm, 3.5 �m; Waters, Japan), and the column
emperature was maintained at 50 ◦C. The mobile phase con-
isted of methanol and 10 mM formic ammonium and was
elivered at a constant flow rate of 0.3 mL/min. Gradient elution
as applied. The binary mobile phase consisted of the follow-

ng mobile phases: (A) 100% methanol and (B) 10 mM formic
mmonium solution (pH 6.4). Initially, the mobile phase com-
rised 100% B; it was gradually reduced to 80% at 8 min. It was
hen gradually returned to 100% at 10 min. A 10 �L aliquot of

he treated sample was used for analysis.

ESI-MS in the selected ion monitoring mode was used for
uantitative mass spectrometric detection. The following opti-
ized MS conditions were selected: gas flow, 4.5 L/min; curve
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esolvation line (CDL) temperature, 250 ◦C; block temperature,
00 ◦C; detector voltage, 1.5 kV, and probe voltage, 4.5 kV. The
DL voltage was fixed in tuning. Mass vacuum was achieved
y using a turbo molecular pump. MS was performed in the
ositive mode to generate m/z 208.1 for distigmine bromide and
/z 286.3 for IS; the dwell time for both was 0.3 s. Instrument

ontrol and data acquisition and analysis were performed using
he Class 8000 version 1.2 data system software.

.5. Method validation

The linearity of the method by which distigmine bromide
as analyzed in human serum was determined in the concen-

ration range of 5–250 ng/mL. Calibration curves were prepared
y measuring the peak area ratios (peak area analyte/peak area
S) versus the analyte concentrations in serum and were fitted
o the equation y = a + bx by weighted least-squares regression
weighting = 1/x). Standard curves were used to calculate the
nalyte concentrations in the unknown and QC samples from
he measured peak area ratios.

In order to evaluate the linearity, serum calibration curves
ere prepared and assayed on three different days. The accuracy

nd precision were also assessed by analyzing the QC samples
t three concentrations on three separate validation days. The
ccuracy was expressed by the formula (mean observed concen-
ration)/(spiked concentration) × 100%, and the precision was
xpressed using relative standard deviation (RSD).

Recovery from fortified serum was evaluated by analyzing
wo sets of QC samples, each consisting of five replicates at three
C concentrations. Set A consisted of blank serum fortified with
istigmine bromide at three concentrations in the QC solutions
rior to extraction and IS. Set B consisted of blank serum with
S added to blank serum; three QC solutions were added to the
luate after SPE. Comparison of mean three QC peak areas, (set
/set B) × 100, gave the overall analyte recoveries expressed as
percentage.

The stability of distigmine bromide in serum was assessed at
oom temperature, 4 ◦C, −30 ◦C and three freeze–thaw cycles.
ive replicates of the QC samples were processed at three levels
nd stored in a 1.5 mL centrifuge tube; they were then assayed
o assess the stability of distigmine bromide in the processed
amples. The sample was considered to be stable when the
ean value was within 15% of the theoretical value at each

oncentration.

.6. Application

.6.1. Case 1
A 69-year-old woman was admitted to the emergency

epartment of our university hospital when she lost con-
ciousness. Biological examination was unremarkable, except
or a cholinesterase activity of 0 U/L (normal, 180–430 U/L).
tropine was administered due to the presence of bradycar-

ia. Serum, urine and stomach wash samples were collected
or toxicological analysis. Although organophosphate and/or
arbamate pesticide poisoning was strongly suspected, screen-
ng of the gastric contents and urine samples by using gas
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hromatography–nitrogen phosphorus detector did not reveal
heir presence. Subsequently, distigmine bromide poisoning was
uspected since Ubretid® had been prescribed for urine reten-
ion. Distigmine bromide analysis revealed its presence. The
atient recovered after 19 days and was transferred to another
ospital. She had attempted to commit suicide by an overdose
f Ubretid®.

.6.2. Case 2
A 34-year-old man who was known to have been using

ethamphetamine was found dead in his living room at home.
n the previous month, he had informed his family about his
ntentions of committing suicide. Neither signs of violence nor
eedle marks were found on this body. However, 140 Ubretid®

distigmine bromide, 5 mg tablets) packets were found in the
ouse. Autopsy findings were unremarkable, except for multi-
isceral congestion. A post-mortem blood sample was collected
or toxicological analysis, and it was stored at −30 ◦C until
nalysis.

. Results

.1. Calibration curves

The calibration curve for the assay was constructed by
nalyzing a series of blank serum samples spiked with distig-
ine bromide at concentrations ranging from 5 to 250 ng/mL.
he calibration curve of distigmine bromide was linear over
oncentrations ranging from 5 to 250 ng/mL. This result
as obtained by performing a regression linear analysis of

he peak-area ratios (y) of distigmine bromide to IS ver-
us the distigmine bromide concentrations. The regression
quation was y = 0.0043x + 0.9172, and coefficient of determi-
ation (r2) was >0.997. The experimental peak-area ratios were
nterpolated on the calibration curve, and the concentrations
ere back-calculated. The mean back-calculated concentrations

pproached the spiked concentrations by an RSD of <15%.

.2. Limits of detection and quantification

The limit of detection (LOD) for this assay was 2.5 ng/mL
istigmine bromide in the serum; this was measured on the basis
f signal/noise (S/N) ≥3. The limit of quantification (LOQ) for
he method was defined as the lowest concentration of distigmine
romide measured in five replicates with acceptable precision
±20% RSD) and accuracy (±20%). LOQ assessment was set at
.5 ng/mL of distigmine bromide in the serum, and at this level,
he RSD was 13.2%. The chromatogram used to determine LOQ
s shown in Fig. 2.

.3. Precision

Drug-free serum spiked with distigmine bromide with at three

C concentrations in the QC samples was used for the preci-

ion studies. Table 1 summarizes the precision of the assay and
ts accuracy in serum. The intra- and inter-day assay variabil-
ties were determined by analyzing five parallel samples and
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ig. 2. LC–ESI-MS chromatograms after extraction using the CBA SPE colum
romide for determination of LOQ and IS (25 ng) (B). Peaks of (a) distigmine b

amples on five consecutive days, respectively. Precision was
valuated by using the intra and inter-day RSD. The RSDs for
ntra- and inter-day assays were <9.7% and <8.5%, respectively
n = 5).

.4. Recovery

A series of blank serum samples spiked with the three QC
evels of distigmine bromide were processed as described in the
xtraction and assay procedures. Method recovery was deter-

ined by comparing the peak-area ratios of distigmine bromide

o IS of the extracted samples that were calculated from the cal-
bration curve of distigmine bromide. The extraction recovery
f this assay was 76.5–82.4% (Table 1, n = 5).

able 1
alidation characteristics of distigmine bromide in human serum

Nominal concentration (ng/ml)

7.5 (n = 5) 90 (n = 5) 200 (n = 5)

ccuracy (%) 90.45 90.92 101.78
recision RSD (%) 10.99 4.75 1.17
ntra-day RSD (%)a 9.7 5.6 3.6
nter-day RSD (%)b 8.5 3.0 2.3
xtraction recovery (%)c 76.5 ± 3.6 82.4 ± 2.6 79.2 ± 1.9

a Intra-day accuracy and precision results were obtained from five duplicate
amples (n = 5) for each concentration of the analyte analyzed on a single day.
b Inter-day accuracy and precision results were obtained by analyzing five
uplicate samples for each concentration of the analyte on three separate days.
c Data are expressed as mean ± SD
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hromatograms of the blank serum (A) serum samples spiked with distigmine
de and (b) IS.

.5. Stability

The stability of distigmine bromide in serum was evaluated by
omparing fresh blank human serum spiked with three QC of dis-
igmine bromide at an indicated time. The samples were stored
t room temperature (approximately 20–25 ◦C) for 48 h, 4 ◦C
or 1 week, and − 30 ◦C for 4 weeks and after three freeze–thaw
ycles; they were then processed and analyzed as described in
he extraction and assay procedures. At concentrations calcu-
ated from the calibration curve, distigmine bromide showed
o degradation without in the absence of low-level QC samples
Table 2, n = 3). At room temperature, the levels of distigmine
romide in medium- and high-level QC samples were found to be
nchanged in the serum for 48 h. At 4 ◦C and −30 ◦C, distigmine
romide was stable in serum for 1 and 4 weeks, respectively. Dis-
igmine bromide tended to degrade in low-level QC samples after
he three freeze–thaw cycles. These results indicate that samples
ontaining distigmine bromide should be kept at −30 ◦C if they
re to be analyzed more than 1 week after sampling.

. Discussion

Both distigmine bromide and pancuronium bromide are qua-
ernary ammonium compounds. Their high polarities prevent
heir extraction with organic solvents. Two sample preparation
ethods have been reported for the extraction of these com-
ounds from human biological samples [7–9]. One is ion pair
xtraction [4,7] and the other is SPE [8,9]. Ion pair extraction
s as convenient extraction method as SPE. However, blood
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Table 2
Stability of distigmine bromide in human serum

Nominal concentration (ng/ml) 7.5 90 200

Room temperature (48 h) Mean ± SD ND 73.12 ± 12 197.12 ± 4
(RSD%) 16.41 2.03

4 ◦C 1 week Mean ± SD 4.45 ± 1.15 86.45 ± 6.11 202.45 ± 2.3
(RSD%) 25.93 7.07 1.14

−30 ◦C 4 weeks Mean ± SD 7.2 ± 1.15 73.12 ± 4 202.44 ± 2.32
(RSD%) 16.04 5.47 1.15

Freeze–thaw (3 cycles) Mean ± SD ND 70.45 ± 2.31 201.12 ± 12

n

e
t
p
a
m
b
p
c
C
t
a
c
c
m
t
s
i

a
t
W
m
r
e
u
t
n
t
t
f

u
H
p
m
e
d
n
b
o
a
p
a
p

i
a
c
u
t
b
u
t

d
T
i
o
[
[
s
T
p
s
c
s
T
t
f

5

m
2
b
i
p
a
c
p
d

s

(RSD%)

= 3 each.

xtracts contained some chromatographic background peaks
hat made quaternary ammonium compounds analysis using ion
air extract [7]. More importantly, the use of the SPE provided
method for the simultaneous measurement of both the distig-
ine bromide and the pancuronium bromide in serum and whole

lood without background peaks. We selected SPE for sample
reparation since it is easier to concentrate the drug from matri-
es by using SPE than ion pair extraction. We first tested the
18 SPE column for two matrices without any significant pre-

reatment. We noticed that both the compounds almost entirely
dhered to the C18 column. Therefore, we examined the CBA
olumn that showed good adhesion and recovery. Use of a CBA
olumn effectively removed interfering peaks from the chro-
atograms of the serum and whole blood extracts. With regard

o the results of validation, similar results were obtained for
erum and whole blood. The cation exchange cartridge column
s suited to the extraction of quaternary ammonium compounds.

Since both distigmine bromide and pancuronium bromide
re hydrophilic, the mobile phase must contain a high propor-
ion of aqueous solvent to retain the drugs on the C18 column.

e first used isocratic elution for the analysis of distigmine bro-
ide and pancuronium bromide with the standard solution; the

esults were inconsistent. Subsequently, we switched to gradient
lution, and it resulted in good separation. Then, we have eval-
ated column oven temperature and analytical time used when
he C18 column was used. Distigmine bromide and pancuro-
ium bromide were rapidly eluted from the column by higher
emperature. After evaluating several condition, we chose oven
emperature at 50 ◦C for its rapidly and efficient elimination time
or both compounds.

Due to its high sensitivity and selectivity, LC–MS is widely
sed to determine drug concentrations in biological matrices.
owever, the matrix occasionally affects the assay results,
articularly in the case of ESI [10]. In reversed-phase chro-
atography, most interference peaks in biological matrices were

luted with the solvent front. This problem was solved by
e-proteination using methanol and SPE. The separation mecha-
ism in the reversed-phase chromatography system is primarily
ased on the relative polarity of the analytes. Therefore, it is
bvious that hydrophobicity plays an important role in the sep-

ration of compounds. However, since distigmine bromide and
ancuronium bromide are extremely polar compounds, a highly
queous mobile phase must be used; this results in un-separated
eaks. This problem can be avoided by using gradient elution.

a
c
m
o

3.28 5.97

A more sensitive detection is possible by using a HILIC sil-
ca column (Waters) than an XTerra MS column for the routine
nalysis of quaternary ammonium compounds. When a short
olumn is used, the analytical time reduces. In our study, we
sed an XTerra MS column because this column is also used in
he screening of other compounds such as benzodiazepines, bar-
iturates, tricyclic antidepressants, and organophosphates. The
se of an identical analytical column has simplified the screening
echnique.

The clinical symptoms of organophosphate, carbamate, and
istigmine bromide poisoning may be confusing and similar.
herefore, it is very important to distinguish these poison-

ngs. Analytical methods have been described for identifying
rganophosphate and carbamate identification by using LC–MS
11], gas chromatography [12,13], and gas chromatography–MS
14]. For effective toxicological screening, sufficiently rapid
ample screening is as important as sufficient method accuracy.
he described method reports valid results within an appro-
riate time period with both sufficient accuracy and sufficient
peed. Thus, in the case of poisoning, the patient’s sample
an be processed on admission to the emergency room on the
ame day, and the results can be obtained within few hours.
he LC–MS method described here is therefore useful for both

oxicological screening of distigmine bromide and subsequent
ollow-ups.

. Application of the method and conclusions

The present method has been used successfully for the deter-
ination of the distigmine bromide concentrations in cases 1 and
following Ubretid® over-dose. The typical serum and whole

lood concentrations of distigmine bromide have been provided
n Fig. 3. No other drugs or alcohol were identified in these
atients. The concentrations of distigmine bromide in cases 1
nd 2 were 284.0 and 211.5 ng/mL, respectively. However, these
oncentrations could not be compared with those observed in a
revious report because the literature lacks the data regarding
istigmine bromide.

In conclusion, this paper describes a simple, accurate, and
pecific LC–MS method using CBA column extraction for the

nalysis of distigmine bromide in human serum. This method
an be used for the toxicological screening of distigmine bro-
ide. In addition, it will be useful for the continued development

f quaternary ammonium compounds including pancuronium
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