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A development of a rapid and sensitive LC–MS/MS method for the simultaneous detection of active
ingredients of the euthanasic veterinarian drug Tanax® mixture is described.

The method proposed, with a retention time of few minutes (6 min) was developed for an equine
serum sample with solid-phase extraction (S.P.E). This S.P.E. procedure has been revealed useful for the
determination of very low concentrations of Tanax® analytes (0.05–1 ng/ml).

The method was validated in terms of specificity/selectivity, sensitivity, recovery and precision.
Tanax®
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. Introduction

Among the commercially available non-inhalant veterinar-
an formulations for euthanasia, Tanax® is one of the best
nown [1–4]. For its narcotic and curariform-like activity is
ommonly used in veterinary medicine [5,6]. As far as it is
nown on the basis of literature, it is composed by three
ubstances in a DMF–water solution (N,N-dimethyl-formamide
nd water 6:4 v/v). Tanax® (T-61) is a mixture consisting of
hese three compounds: N-2-ethyl-2-(3-methoxyphenyl)-butyl-
-hydroxy-butanamide or embutramide (200 mg ml−1), 4,4′-
ethylene bis-N,N,N-trimethylcyclohexanaminium di-iodide or
ebenzonium iodide (50 mg ml−1) and p-butylaminobenzoyl-

imethylamino-ethanol chloride or tetracaine hydrochloride
5 mg ml−1) (Fig. 1) [7].

The strong narcotic effect and deepness anaesthesia by
aralysing brain centres that control breathing in central ner-
ous system is due to the general anaesthetic embutramide

8].

Curariform-like action is exerted by mebenzonium iodide, this
aralyses the skeletal muscles and quite immediately induces a res-
iratory collapse cause of a paralysis of intercostals muscles and of
he diaphragm [9].

∗ Corresponding author. Tel.: +39 59 205 5157; fax: +39 59 205 5131.
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In view of its local anaesthetic activity for reducing painful tissue
eactions at the injection site, tetracaine hydrochloride is used in
-61 mixture [10].

Frequently Tanax® has been involved in deaths or suicide
ttempts of human beings [11–13] as well as in cases of malicious
eath in apparently healthy animals such as horses.

Medical diagnosis can be assisted by a quick analytical determi-
ation of Tanax® components in human or animal biological tissues
r fluids. For reaching this purpose different analytical methods for
he determination of embutramide have been applied: gas chro-

atography (GC) coupled with mass spectrometry (MS) [11,14,15]
nd high-performance liquid chromatography coupled with UV
16,17]. On the contrary, just few methods are described in literature
or mebenzonium iodide determination [18,19].

This is probably caused by the difficulty to identify it in biological
aterials due to its low solubility in most of the common solvents

18]. Furthermore, because of its quick degradation by esterase
nzyme, tetracaine hydrochloride has been difficult to detect jet.

From the literature it is clear that the most important problem
erived from the use of this euthanasian veterinarian drug is con-
ected with the identification into biological tissues and fluids of
he three components and solvent of Tanax®. Till now, analytical

ethods for the simultaneous determination of the three compo-

ents are not developed jet. Furthermore, no evidence of LC–MS/MS
ethods has been presented.
In the same time even forensic science is focusing the attention

n the simultaneous identification of Tanax® mixture to confirm
he hypothesis of intoxication in humans or suicide attempts.

http://www.sciencedirect.com/science/journal/07317085
mailto:mariacristina.gamberini@unimore.it
dx.doi.org/10.1016/j.jpba.2008.07.024
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Fig. 1. The three

The aim of this study was to develop a LC–MS/MS method for
he detection of active ingredients of Tanax® mixture in biological
quine serum.

The method proposed, with a retention time of few minutes, was
eveloped for a matrix (serum) after solid-phase extraction (S.P.E).
his S.P.E. procedure has been revealed useful for the determination
f low concentrations (0.05–1 ng/ml) of Tanax® analytes.

A real case of a suspected Tanax® induced death horse was
eported with the method studied above.

Quality parameters of the method proposed were determined
nd discussed. The method described was validated in terms of
pecificity/selectivity, sensitivity, recovery and precision.

The main advantages, rapidity, selectivity and sensitivity of the
tudied LC–MS/MS method could in a near future revile it as a valid
nstrument for a rapid determination of Tanax® utilization.

. Experimental
.1. Reagents

Embutramide and mebenzonium iodide were directly obtained
y the veterinarian speciality Tanax® purchased from Inter-
et International GmbH. Tetracaine, lidocaine and ipratropium

i
i
a

a

unds of Tanax® .

romide were purchased from Sigma–Aldrich. While N,N-
imethylformamide was purchased from Fluka.

Methanol, trifluoroacetic acid 99.5%, hexane, 2-Propanol and
ater of analytical grade were purchased from J.T. Baker, ammo-
ium acetate from Merck.

.2. Preparation of stock solutions

Individual stock solutions of tetracaine, lidocaine and iprat-
opium bromide (using standard powders) were prepared at a
oncentration of 1 mg/ml, by dissolving 1 mg of each compound
n 1 ml of methanol.

The working solutions at a concentration of 1 �g/ml were pre-
ared using an intermediate stock of 10 �g/ml (obtained by diluting
00 �l of the individual stock solution in 10 ml of methanol) from
hich 1 ml was diluted in to 10 ml of methanol.

For embutramide and mebenzonium, because of the absence of
tandard powders, separate working solutions were prepared dilut-

ng in methanol a proper quantity of veterinarian speciality Tanax®

n which 200 mg/ml of embutramide and 50 mg/ml of mebezonium
re present.

To obtain a final concentration of 1 �g/ml of embutramide
nd mebezonium, 50 and 200 �l of veterinarian speciality were
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caine and 22.5% for embutramide.

Major ions in LC–MS/MS full-scan product ion spectra for the
active ingredients of Tanax® and for I.S. used are shown in Table 1.
In Fig. 3, the extracted ion chromatograms and relative mass spec-

Table 1
Major ions in LC–MS/MS full-scan product ion spectra for the active ingredients of
Tanax® and for I.S. used

Compound Precursor ion (m/z) Product ions (m/z)
04 M. Fidani et al. / Journal of Pharmaceutic

iluted in 10 ml of methanol (intermediate concentration of
mg/ml), respectively. Successively, 100 �l of each intermedi-
te stock solution containing 1 mg/ml were diluted in 10 ml of
ethanol obtaining a main stock solution of 10 �g/ml. Finally, the

oncentration of 1 �g/ml was obtained by dilution of 1 ml of the
ach solution in 10 ml of methanol.

.3. Preparation of samples

Appropriate volumes (100 �l) of working solutions were
dded to 2 ml of serum to give an appropriate concentration of
0 ng/ml for each compound. At the same concentration, the lido-
aine and ipratropium bromide, used as internal standards were
dded.

These samples obtained were then treated by S.P.E. extraction
nd subsequently LC–MS/MS analysis were performed.

.4. Instrumentation

An LTQ linear ion-trap mass spectrometry equipped with an ESI
ource (Thermo-Fisher, San Josè, CA, USA) connected to a Surveyor
utosampler-MS Pump (Thermo-Fisher) was used.

Chromatographic separation was achieved on a Ciano-phase
unaTM column (150 mm × 2 mm, 5 �m; Phenomenex, San Josè, CA,
SA) equipped with a 2 mm i.d. × 4 mm ciano guard column.

Compound identities were confirmed in the positive electro-
pray ionization (ESI) MSn mode, with full-scan product acquisition
n the m/z 50–300 range.

In order to obtain data, the Excalibur® software (version 1.4,
hermo-Fisher) was used.

.5. Method

.5.1. Sample treatment
For the protein precipitation, a 2 ml serum sample was placed in

10 ml glass tube and added with 2 ml of methanol. The tube was
ortexed and than centrifuged at 2500 rpm for 10 min. The super-
atant was transferred to a different extraction tube, where HCl
0.2 M) was added for reaching pH 6 and subsequent filtered with a
.45 �m nylon membrane (30 mm, Chromacol Ltd., Welwyn Garden
ity, United Kingdom). Then, 100 �l of the two internal standards,

idocaine and ipratropium bromide at the concentration of 1 �g/ml,
ere added.

.5.2. Solid-phase extraction
The samples were extracted with STRATA-X-CW (500 mg, Phe-

omenex, San Josè, CA, USA) cartridges and these were conditioned
ith methanol (5 ml) followed by 5 ml of 0.02 M acetate buffer, pH

. The sample was then passed slowly through the column. The car-
ridge was rinsed with 2 ml of 0.02 M acetate buffer (pH 6), followed
y 3 ml hexane allowed to dry for 5 min under vacuum.

Analytes were eluted with a mixture (5.8 ml) of methylene chlo-
ide/isopropanol/formic acid 70:20:10, respectively. The eluate was
vaporated to dryness under gentle nitrogen stream and 100 �l of
obile phase were added in order to resuspend the residue. Five
icroliters of the resulting solution was injected into the LC system.

.5.3. LC and ESI–MS/MS conditions
The LC separation of Tanax® active ingredients was achieved

sing an isocratic elution. The mobile phase used in LC–MS/MS

as composed of 60% trifluoroacetic acid 0.1% (solvent A) and 40%
ethanol (solvent B). The flow rate of the mobile phase was main-

ained at 0.25 ml/min. The injection volume was 5 �l.
Under these conditions, the LC run time for each injection

as approximately 6 min. LC–MS/MS chromatogram from a spiked

M
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ig. 2. Ion current profiles obtained from LC–MS/MS analysis of an equine urine
piked with Tanax® active ingredients.

quine urine sample with Tanax® ingredients is shown in Fig. 2. This
cquisition method led to the identification and quantification of
he three different components.

The choice of mobile phase was justified by the mebezonium
eak resolution, in fact the trifluoroacetic acid withdraw the sec-
ndary interactions with the column.

The ESI–MS/MS conditions were first optimized by direct injec-
ion (flow injection analysis) of each compound individually at
oncentration of 10 �g/ml at a flow rate of 20 �l/min. Cause of
igh selectivity of ESI MS/MS a direct injection of diluted Tanax®

eterinarian speciality could be possible, this permitted the char-
cterization of mebezonium and embutramide.

All the analysis use the positive electrospray ionization (ESI+)
Sn mode, with full-scan product acquisition in the m/z 50–300

ange. A capillary voltage of 21 V, a capillary temperature of 270 ◦C
nd a spray voltage of 8 kV were employed; the nitrogen sheath and
uxiliary gas flow rates were set at 20 and 10 arbitrary LTQ units,
espectively.

Data acquisition for MSn was performed in 4 segments: the
st (0–2.15 min.) with 2 scan events for mebenzonium iodide, the
nd (2.15–2.90 min) with 2 scan events for ipratropium bromide
nd lidocaine, the 3rd (2.90–4.0 min) for tetracaine and the 4th
4.0–6 min) for embutramide. The collision energy was 24% for

ebenzonium iodide and ipratropium, 23% for lidocaine and tetra-
ebezonium iodide 148 60, 236
idocaine 235 86
pratropium bromide 332 124, 166, 290
etracaine hydrochloride 265 176, 220
mbutramide 294 121, 135, 149, 191, 208, 276
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ig. 3. Extracted ion chromatograms of m/z 60 (MEBENZONIUM IODIDE), m/z 86 (L
RAMIDE) and their relative full-scan LC–MS/MS spectra.

ra obtained from LC–MS/MS analysis of a mixture composed by
nternal standards (lidocaine and ipratropium) and Tanax® active
ngredients are reported.

. Results and discussion

.1. Validation parameters

.1.1. Specificity/selectivity
Selectivity or specificity is the ability of a method to deter-

ine accurately and specifically the analyte of interest in presence
f other components in a sample matrix under the studied
onditions.

To test the specificity, five control blank serum samples were

nalysed using the proposed method. The resulting chromatograms
ere compared with those obtained from equine serum samples.
o significant interferences or endogenous peaks at the retention

ime of the analytes or internal standards were found, as it can be
hown in Figs. 4 and 5.

s
a
s
a
s

INE), m/z 166 (IPRATROPIUM BROMIDE), m/z 176 (TETRACAINE), m/z 276 (EMBU-

.1.2. Sensitivity
The limit of quantification (LOQ) of each compound was consid-

red as the concentration giving a signal to noise ratio of 10. The
imit of detection (LOD) was defined as 0.3 × LOQ.

For the Tanax® componets LODs and LOQs are represented in
able 2.

.1.3. Extraction recovery
Extraction recovery is a measure of the efficiency of the extrac-

ion of the analyte from the sample matrix. It is expressed as the
atio of the response obtained when the analyte is submitted to
he extraction procedure to that measured when it is determined
ithout the extraction step. The extraction recovery was studied

y analysis of five replicates of a positive control samples, blank

erum samples spiked with analytes at the concentration of 5, 50
nd 500 ng/ml for each analyte. The response obtained with these
amples was compared to that obtained with samples where the
nalytes were added after extraction of the blank matrix, repre-
enting 100% extraction recovery.
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Fig. 4. Extracted ion chromatograms of eq

The extraction recovery of each compounds is reported in
able 2.

.1.4. Linearity
To test linearity, for each single analyte (mebenzonium iodide,

mbutramide, tetracaine) calibration curves were prepared by spik-
ng different samples of serum to produce the calibration curve
oints equivalent with a range of 1–500 ng/ml.
Each sample contained also 50 ng/ml of lidocaine (I.S.) for embu-
ramide and tetracaine analytes, while for mebenzonium iodide
0 ng/ml of ipratropium bromide (I.S.) was added.

Each calibration curve was three times repeated. In particular
he concentration of analytes was calculated from the subsequent

c
T

r

able 2
OQ, LOD, recoveries and r2

nalytes LOQ (ng/ml) LOD (ng/ml)

etracaine hydrochloride 0.03 0.01
ebezonium iodide 5 1.5

mbutramide 1 0.3
lank serum sample after S.P.E. procedure.

imple linear equations:

= 0.0074668 + 0.0005744X (Tetracaine hydrochloride)

= 0.00688355 + 0.000574226X (Mebezonium iodide)

= 0.00810455 + 0.000569561X (Embutramide)
The calibration curves established for all compounds present
orrelation coefficients higher than 0.9981 as can be seen in Table 2.
he software used for these calculations was Excalibur® 1.4.

This method exhibited a good linear response for concentrations
anging from 1 to 500 ng/ml.

Extraction recovery (%) Calibration curve (r2)

89 0.9988
78 0.9985
91 0.9981
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Fig. 5. Extracted ion chromatograms of a serum sa

.1.5. Precision and accuracy
To access intra day precision three spiked serum samples at

hree concentration levels each (5, 50 and 500 ng/ml) were pre-
ared and analysed. The procedure was repeated on seven different
ays to determine the inter day precision.

The range of repeatability and reproducibility coefficients were
–8% and 7–14% (R.S.D.), respectively.

The obtained results were within the acceptance criteria for
recision and accuracy which establish the deviation values that
hould be within ±15% of the actual values.

.1.6. Stability study
Stability experiments were performed to evaluated the mebe-

onium, tetracaine and embutramide stability in stock solutions

nd in serum samples, conserved under different conditions sim-
lating the same ones occurred during study sample analysis. In
articular, the stock solutions, serum and final solid-phase extract
amples were analysed at room and freeze temperature. The results
btained were well within the acceptable limit. Stock solutions of

i
a
d
w

in a horse death case by a Tanax® administration.

anax® active ingredients were stable at room temperature for 36 h,
t 4 ◦C for 2 months and at −20 ◦C for 3 months. In the final solid-
hase extract, Tanax® active ingredients at room temperature were
table for 30 h. The analytes spiked serum samples stored at 4 ◦C for
ong term stability experiments were found stable for at least for 1

onth.

.2. Application of the proposed method

A serum sample of a horse death cause of a suspected Tanax®

dministration was extracted and cleaned up according to the opti-
ized method and analysed in order to prove the presence or not

f single active ingredients of Tanax® speciality. Extracted ion chro-
In this case, Tanax® analytes were detected with the stud-
ed method described above and it can be suggested the Tanax®

dministration to the animal. As is shown in Fig. 5 a qualitatively
etermination of each active ingredients of Tanax® speciality, as
ell as the internal standards added, is possible.
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. Conclusion

From literature data it is clear that Tanax® is an optimal drug for
uthanasia in several animal species.

The most important problem derived from the use of this drug
s represented by the identification of three active ingredients
f Tanax® from biological fluids. In recent years the researchers
ave focused their attention on the identification of embutramide,
ebenzonium iodide using for example GC–MS and HPLC–UV. In

his paper, a rapid and very sensitive method, which allowed the
imultaneous determination of all Tanax® active ingredients using
C–MS/MS has been described.

The method proposed, with a retention time of few minutes,
as developed for a matrix (serum) after S.P.E. extraction.

In only 6 min the simultaneous detection of embutramide,
ebenzonium iodide and tetracaine is possible.
The separation was carried out in isocratic conditions, that per-

itted to obtain a good reproducibility thanks even to the absence
f the reconditioning times.

The method proposed was applied successfully to a real case of
uspected Tanax® death horses which was brought to our notice.

It is possible to conclude that the above LC–MS/MS validated
ethod can be highly useful to verify a suspected Tanax® admin-

stration to an animal and in a near future could revile a valid
nstrument for a rapid determination of Tanax® intoxication.
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