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ABSTRACT: A liquid chromatographic-mass spectrometry (LC/MS) assay method was developed for the determination of
amiodarone and desethylamiodarone in rat specimens. Analytes were extracted using liquid–liquid extraction in hexane. The LC/
MS system consisted of a Waters Micromass ZQ™ 4000 spectrometer with an autosampler and pump. A C18 3.5 µm (2.1 × 50 mm)
column heated to 45°C was used for separation. The mobile phase consisted of methanol and 0.2% aqueous formic acid pumped
at 0.2 mL/min as a linear gradient. Components eluted within 12 min. The concentrations of ethopropazine (internal standard),
desethylamiodarone and amiodarone were monitored for m/z of 313.10, combination of 546.9 and 617.73, and 645.83, respectively.
In plasma (0.1 mL), linearity was achieved between the peak area ratios and concentrations over the range of 2.5–1000 ng/mL for
both amiodarone and desethylamiodarone (r2 > 0.999). The intraday and interday CV were equal or less than 18%, and mean
error was <12%. Similarly, in homogenates containing 0.1 g of rat tissue, linearity was observed in standards ranging from 5 to
5000 ng/g. The method was successfully used to measure tissue and plasma concentrations of drug. The validated lower limit of
quantitation was 2.5 ng/mL for drug and metabolite, based on 0.1 mL of plasma. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Amiodarone (AM) is a class III antiarrhythmic drug
with diverse electrophysiological properties (Roden,
2001). Although AM is associated with some potenti-
ally dangerous non cardiac toxicities, the drug is widely
used for the treatment of life threatening ventricular
and supraventricular arrhythmias (Estes et al., 2003).
Amiodarone undergoes extensive hepatic and extrahepatic
metabolism. The most prevalent circulating metabolite
in humans is desethylamiodarone (DEA) (Shayeganpour
et al., 2006). Although recently some other metabolites
have been identified in human plasma after the admin-
istration of AM, the pharmacological properties of these
metabolites are not clearly understood (Ha et al., 2005).
Desethylamiodarone shares some of the pharmacological
and toxicological properties of the parent drug. For
instance, bradycardia and hypothyroid-like side effects
of AM might be related to the inhibitory effects of both

AM and DEA on the intracellular conversion of thyro-
xine (T4) to triiodothyonine (T3) (Kodama et al., 1999).

In spite of the abundance of information about the
pharmacology of AM and DEA, the pharmacokinetic
properties of DEA have been little studied. There is
one report where the pharmacokinetics of DEA has been
studied after its sole administration by the intraperi-
toneal route (Kharidia and Eddington, 1996), and no
reports where metabolite has been given by an intrava-
scular route. In humans given AM, the measurement of
both DEA and AM in plasma is possible using conven-
tional high-performance liquid chromatographic (HPLC)
methods (Juenke et al., 2004; Teng et al., 2004) or
by tandem liquid chromatographic mass spectrometry
techniques (Kollroser and Schober, 2002; Ha et al.,
2005; Table 1). In contrast, after administration of AM
to a commonly used preclinical species, the rat, it was
observed that DEA concentrations were very low
and near the lower limit of quantitation of an exist-
ing high performance liquid chromatographic method
(Shayeganpour et al., 2005). Owing to this, the need to
develop a more sensitive method for the measurement
of DEA in rat plasma is desirable. Therefore, in this
report we describe a sensitive and specific high HPLC–
mass spectrometry (LC/MS) assay method for the
simultaneous determination of both AM and DEA in
rat plasma and tissues.
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EXPERIMENTAL

Materials and reagents. Amiodarone HCl and ethopro-
pazine HCl were obtained from Sigma (St Louis, MO, USA).
Desethylamiodarone was a kind gift from Wyeth-Ayerst
Research (Princeton, NJ, USA). Methanol, acetonitrile, hexane,
water (all HPLC-grade) and formic acid 88% were purchased
from Fisher Scientific (Fair Lawn, NJ, USA).

Chromatographic conditions. The LC/MS analyses were
performed using a Waters Micromass ZQ™ 4000 spectrometer
coupled to a Waters 2795 pump and autosampler (Milford,
MA, USA). The mass spectrometer was operating in positive
ion and selective ion recorder (SIR) acquisition modes. The
nebulizing gas was obtained from an in-house high-purity
nitrogen source. The temperature of the source was set at
150°C and the voltage of the capillary and cone was 3.2 kV.
For selective scanning, the cone voltage was set at 25, 40 and
50 V for IS, DEA and AM, respectively. The gas flow of
desolvation and cone was set at 550 and 80 L/h, respectively.
Chromatographic separation was achieved using a C18 3.5 µm
(2.1 × 50 mm) column as the stationary phase (XTerra® MS,
Ireland). Mobile phase was pumped as a linear gradient from
methanol: formic acid 0.2%, 40:60 to 90:10 v/v over 12 min,
then back to the original 40:60 v/v composition over 3 min.
The total analytical run time was 15 min. A constant flow rate
of 0.2 mL/min was used throughout. The column was heated
to 45°C during the chromatographic run. Ethopropazine HCl
was used as internal standard (IS).

The mixture of standard compounds and internal standard
were analyzed on the mass spectrometer using flow injection
in scan mode to determine optimal fragmentation for each
compound and establishment of the m/z values of the molecu-
lar ions.

Standard and stock solutions. The stock solution of the IS
was prepared by dissolving 5 mg in 100 mL of methanol
(50 mg/L). This stock solution was further diluted 20-fold in
methanol to prepare the working solution of 2.50 mg/L. The
stock solution of both AM and DEA were prepared by dis-
solving 10 mg of each separately in 100 mL of methanol
(100 mg/L). All working solutions were prepared freshly each
day by serial dilutions in methanol. All of the stock solutions
were stored at −30°C between uses. Standard curves were
prepared by spiking appropriate amounts of both drug and
metabolite in 0.1 mL of rat plasma or 0.4 mL of tissue
homogenates (equivalent to 100 mg of each tissue). The final
AM and DEA concentrations were 2.5–1000 ng/mL in plasma
and 5–5000 ng/g in each tissue.

Extraction procedure. To each 0.1 mL plasma sample in a
2 mL polypropylene microcentrifuge tube was added 0.03 mL
of IS. To extract the analytes from rat plasma, 0.3 mL of
acetonitrile was added. Each tube was briefly vortex mixed
(5 s) to precipitate plasma proteins. The tubes were subse-
quently centrifuged for 2 min and the supernatants were care-
fully transferred to new glass tubes using Pasteur pipets. To
each tube, 0.3 mL of HPLC water and 3 mL of hexane were
added. The tubes were then vortex mixed for 30 s and centri-
fuged at 3000g for 3 min. The organic layer was transferred to
new glass tubes and evaporated to dryness in vacuo. The

residues were reconstituted using 1 mL of methanol and
aliquots of 5–10 µL were injected into the LC/MS system.

For extraction from tissues, approximately 300 mg of each
blotted, thawed tissue was homogenized in distilled water (1:3
w/w) with a variable speed hand-held tissue homogenizer run
at high speed (Biospec product, Dremel Model 398, Racine,
WI, USA). An aliquot of 400 µg of homogenate of each
tissue (equivalent to 100 mg of wet tissue) was transferred to
a clean glass tube and 0.03 mL of IS and 1 mL of acetonitrile
were added to each tube. The tubes were subsequently vortex
mixed (10 s) and centrifuged for 3 min in order to precipitate
the protein content. The supernatant layers were transferred
to new tubes and 6 mL of hexane were added. The tubes
were then vortex mixed for 30 s and centrifuged at 3000g for
3 min. The organic layer was transferred to new glass tubes
and evaporated to dryness in vacuo. The residues were recon-
stituted using 1 mL of methanol and aliquots of 5–10 µL were
injected into the LC/MS system.

Recovery. The plasma recoveries were determined at AM
and DEA concentrations of 25 and 500 ng/mL, using four
replicates for each concentration. The extraction efficiency
was determined by comparing the peak area ratios of
analyte:IS in samples containing AM and DEA to the peak
areas of the same amounts of both analytes directly injected
to the instrument, without extraction.

Calibration, accuracy and validation. Complete validation
assessment was made for plasma samples. For tissues valida-
tion was determined using the results from validation samples
run in conjunction with standard curves.

For plasma, calibration samples of 0.1 mL containing AM,
DEA and IS were constructed over the concentration range
of 2.5–1000 ng/mL for both AM and DEA. The ratios of AM
or DEA to IS peak area were calculated and plotted vs.
nominal AM or DEA concentrations, respectively. Owing to
the wide range of concentrations, data for calibration curves
were weighted by a factor of 1/concentration for DEA and 1/
concentration2 for AM.

Intraday, accuracy and precision of the assay were deter-
mined using five different concentrations of DEA and AM in
rat plasma. For both AM and DEA the concentrations were
chosen at 2.5, 10, 50, 250 and 1000 ng/mL. Each concentration
had a replicate of five samples. To permit the assessment of
interday accuracy and precision, the assay was repeated on
three separate days. For each daily run, a set of calibration
samples separate from the validation samples was prepared to
permit quantification of the peak area ratios of both AM and
DEA to internal standard. Precision was assessed by percent-
age coefficient of variation (CV%). Bias was assessed by
determining mean intra- or inter-day percentage error.

Animal study

In order to demonstrate the applicability of the assay method in
vivo, two male Sprague–Dawley rats (300 g) were administered
AM. The protocol was approved by the University of Alberta
Health Sciences Animal Policy and Welfare Committee. The
day before the pharmacokinetic and tissue distribution
study, the right jugular vein of each rat was cannulated with
Micro-Renathane tubing (Braintree Scientific, Braintree, MA,
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USA) under halothane anesthesia as previously described
(Shayeganpour et al., 2005). The day after, rats received
25 mg/kg of AM HCL (Sabex® 50 mg/mL, Boucherville, Que-
bec, Canada) as i.v. bolus dose.

In the pharmacokinetic study, serial blood samples were
collected from the cannula of one of the rats for 144 h;
plasma was separated and kept at −30°C until assayed.
Plasma concentrations of both AM and DEA were analyzed
by the LC/MS method and the plasma concentration vs
time curve was profiled. The area under the concentration vs
time curve from the time of dosing to the last sampling time
(AUC0–144) was determined using the log–linear trapezoid rule
for both AM and DEA.

In a preliminary tissue distribution study, under anesthesia
a rat was exsanguinated by cardiac puncture 6 h post dose.
The liver, spleen, brain, fat and heart were excised and were
kept at −30°C until analyzed. The concentrations of both AM
and DEA were determined by the LC/MS.

Figure 1. Mass spectra of drug (amiodarone), metabolite (desethylamiodarone) and ethopropazine (internal standard).

RESULTS

The molecular ions of IS, DEA and AM were repre-
sented by peaks with m/z values of 313.10, 617.73 and
645.83, respectively (Fig. 1). The response of DEA mole-
cular ion was not as strong as AM, using the instrument
conditions. However, under these conditions, the mass
spectrum of DEA displayed a notable daughter frag-
ment with m/z of 546.9 (Fig. 1). Because both this frag-
ment and molecular ion m/z were unique to DEA, to
maximize the assay selectivity and sensitivity for DEA,
both of these ions were monitored for peak area detec-
tion response of DEA (Fig. 1).

The retention times of eluted IS, DEA and AM were
approximately 4, 9.8 and 10 min, respectively (Fig. 2).
Each peak was symmetrical, and there was no evidence

Figure 2. Overlay SIR chromatograms of blank plasma, Internal standard (IS,
4.32 min), desethylamiodarone (DEA, 9.74 min) and amiodarone (AM, 10.02 min) after
extraction from rat plasma.
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of interference from endogenous compounds in plasma
or tissue. The average extraction recoveries in plasma
were 93.2 and 77.7% for 25 and 500 ng/mL of AM, re-
spectively. The average extraction recoveries in plasma
were 81 and 76% for 25 and 500 ng/mL of DEA,
respectively. Highly linear relationships were noted
between the peak area or height ratios and rat plasma
concentrations of both AM and DEA. A representative
standard curve in plasma using peak area ratios yielded
slopes of 0.00164 and 0.000815, respectively, for AM
and DEA. Corresponding intercepts were 0.0154 and
0.00241, respectively. The mean r2 for the three stand-
ard curves were 0.9999 for AM and 0.9998 for DEA,
respectively, whether analyte:IS peak height or peak
area ratios were used for quantification.

For AM and DEA, the assay CV for both the
intraday and interday assessments were equal to or less
than 18% (Table 2). Mean interday error in rat plasma
was less than 12% for both drug and metabolite. Based
on the interday coefficient of variation and mean error,
both of which yielded values of less than 20%, it can be
claimed that the LLQ of the assay was 2.5 ng/mL based
on 0.1 mL of rat plasma (Shah et al., 1991). The sample
preparation time for 20 plasma samples was ~90 min.

In general, the shape of the plasma concentration vs.
time curve of DEA in the semi-log concentration vs
time curve appeared to mirror that of the AM, except
that the concentrations were much lower (Fig. 3).
The highest concentrations of DEA were found in the
first plasma sample. For DEA, the concentrations at
144 h post-dose were below the LLQ. The AUC (area
under the plasma concentration vs time curves) were
10.3 mg h/L for AM from 0 to 144 h post dose, and
0.210 mg h/L for DEA from 0 to 48 h post dose.

In tissues, linear relationships between the peak area
ratios and rat tissue concentrations of AM and DEA
were observed. The r2 for all of the standard curves
in different tissues were more than 0.999 for both AM
and DEA. Based on separate quality control samples
run with the tissue samples, the measured concentra-
tion of each analyte was essentially within 85 to 116%
of that expected, based on concentrations of 25 and
500 ng/g (n = 4 for each concentration).

The measured concentrations in vivo of both AM
and DEA in each excised rat tissue were much higher
than in the plasma. Furthermore, DEA concentrations
in these tissues were very close to those of parent drug
(Fig. 4).

DISCUSSION

The method was capable of measuring concentrations
of AM and DEA in rat plasma at much lower levels
than previously possible using conventional HPLC-UV
methods (Jun and Brocks, 2001). The method was
specific and highly sensitive, and was validated to
plasma concentrations of 2.5 ng/mL for both drug and
metabolite, based on 100 µL of rat plasma. This repre-
sented a 14-fold increase in sensitivity compared with
our own HPLC/UV assay method for assay of drug in
rat plasma, in which the lower limit of quantitation was
validated at 35 ng/mL based on 0.1 mL of plasma (Jun
and Brocks, 2001). The sensitivity was sufficient to
follow plasma concentrations of AM and DEA for 144
and 48 h, respectively, after i.v. administration of AM
to a rat.

Although the developed method is clearly preferable
to conventional HPLC-UV methods, there are other
available methods utilizing mass spectrometric detec-
tion (Table 1). Each of the methods affords high sensi-
tivity and specificity. However, it is of note that none
of the LC/MS-MS assays reported using specimen
(plasma) volumes of less than 1 mL. A volume of this

Figure 3. Plasma concentration vs time profile of amiodarone
(AM) and desethylamiodarone (DEA) after a single i.v. bolus
injection of 25 mg/kg AM in one rat.

Table 1. Available methods for determination of amiodarone and desethylamiodarone in biological fluids, using mass detection

Species Matrix Volume LLQ(AM) LLQ(DEA) Method Reference

Human Plasma 1.0 mL 3 ng/mL 3 ng/mL LC/MS-MS Ha et al. (2005)
Human Plasma 1.0 mL 1 ng/mL 0.5 ng/mL LC/MS-MS Kollroser and Schober (2002)
Horse Plasma 1.0 mL 5 ng/mL 5 ng/mL LC/MS-MS Maes et al. (2006)
Rat Plasma 0.1 mL 2.5 ng/mL 2.5 ng/mL LC/MS Current method
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size is inappropriate for assay of samples from small ro-
dents involved in non-terminal pharmacokinetic studies
with serial blood sampling. Furthermore, although LC/
MS-MS should be more sensitive than LC/MS, because
of the large volumes of specimen required (Table 1), in
fact the current LC/MS method using 0.1 mL of plasma
has at least a similar sensitivity based on the validated

Figure 4. The concentrations of amiodarone (AM) and desethylamiodarone (DEA) in different tissues of one rat, 6 h after the
administration of 25 mg/kg AM as i.v. bolus dose.

Table 2. Validation data for the assay of amiodarone and desethylamiodarone in rat plasma

Expected
concentration, Intraday mean ± SD (intraday CV% Interday, mean Interday Interday mean
ng/mL in parentheses), ng/mL ± SD, ng/mL CV% error %

2.5 AM 2.53 ± 0.269 2.56 ± 0.371 2.77 ± 0.493 2.62 ± 0.130 14.3 4.80
(10.6) (14.5) (17.9)

DEA 2.79 ± 0.136 2.93 ± 0.507 2.60 ± 0.431 2.77 ± 0.166 13.0 11.3
(4.87) (17.3) (16.8)

10 AM 9.82 ± 0.996 9.60 ± 0.586 10.5 ± 0.536 9.97 ± 0.468 7.12 4.99
(10.2) (6.10) (5.11)

DEA 10.8 ± 0.869 11.7 ± 0.992 9.62 ± 1.26 10.7 ± 1.05 9.90 7.09
(8.04) (8.47) (13.2)

50 AM 53.5 ± 4.90 47.0 ± 1.91 48.6 ± 3.59 49.7 ± 3.38 6.87 –1.35
(9.16) (4.06) (7.39)

DEA 50.5 ± 5.11 45.0 ± 6.37 45.4 ± 5.75 46.9 ± 3.07 12.1 –6.10
(10.1) (14.2) (12.1)

250 AM 292 ± 39.0 244 ± 6.58 254 ± 33.2 263 ± 25.4 9.71 3.37
(13.4) (2.69) (13.1)

DEA 242 ± 23.3 233 ± 11.9 259 ± 31.1 245 ± 12.9 8.92 –5.19
(9.64) (5.09) (12.1)

1000 AM 1052 ± 46.7 1150 ± 109 1187 ± 86.4 1130 ± 69.3 7.31 10.4
(4.43) (10.2) (7.28)

DEA 1034 ± 113 1122 ± 93.5 1060 ± 62.6 1072 ± 45.3 8.39 6.48
(10.9) (8.33) (5.91)

LLQ. The current method uses liquid–liquid extraction
rather than solid-phase extraction, which depending on
preference and time requirement may or may not be an
advantage to our method (Pollak et al., 2000). To our
knowledge, the current method is the only one using
LC/MS methodology, which is not as expensive to
acquire as LC/MS-MS instrumentation.
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As noted above, the circulating level of DEA in
plasma of rat is reported to be lower than what is
observed in human (Wyss et al., 1990; Teng et al., 2004).
These discrepancies reflect the interspecies differences
between the pharmacokinetics of AM and DEA in human
and rat. The low DEA:AM ratio of concentrations in
rat plasma might be related to a higher volume of
distribution, higher clearance or lower formation rate in
rat compared to human. Nevertheless, the previously
reported HPLC/UV method presented a major limita-
tion in the characterization of DEA pharmacokinetics
after administration of AM (Shayeganpour et al., 2005).
Although several HPLC assays (Brien et al., 1983; Moor
et al., 1988) as well as capillary electrophoresis methods
(Zhang et al., 1996) are available for the measurement
of both AM and DEA in plasma, the requirement for
high volumes of plasma (0.5–1 mL) are limiting factors
for their use in the rat. The current assay affords the
ability to measure the drug and metabolite in rat plasma
using small sample volumes.

After administration of AM to rats and assay of
plasma samples, the eluted peaks representing AM,
DEA and IS were all found to be free of interference.
There did not appear to be a lag time for the appear-
ance of the metabolite in the plasma, suggesting rapid
uptake into the eliminating organs with metabolism.
The obtained AUC0–144h for AM in the administration
of 25 mg/kg i.v. bolus dose in this study is comparable
with that of the conventional HPLC method developed
by Jun and Brocks (2001).

The measurement of AM and DEA in rat tissues is
another application of the current method. Although
the concentrations of AM and DEA in most tissues
exceeded those in plasma, and their measurement in
some tissues are feasible by the HPLC-UV detection
(Kalitsky-Szirtes et al., 2004), it was observed that use
of the HPLC/UV method for assay of drug in some
tissues (e.g. liver) was associated with co-elution of
endogenous components, which could prove to be
problematic. The LC/MS method was able to measure
tissue concentrations of 5 ng/g for both AM and DEA.
However, owing to the high concentrations of both
drug and metabolite in tissues in comparison with
plasma, the necessity of exceeding a sensitivity limit of
2.5 ng/g was not critical.

CONCLUSIONS

The current developed LC/MS method has high sensi-
tivity and reproducibility in determination of both AM
and DEA in rat plasma and tissues. This method was
particularly advantageous in measuring DEA concen-
trations in rat plasma, because the AUC of DEA in rat
plasma is extremely low and cannot be measured by
many existing HPLC methods.
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