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Using the high performance liquid chromatography/atmospheric pressure chemical ionization tandem mass
spectrometry (HPLC/APCI-MS/MS) technique, together with established trends from the literature, the
structures of metabolites and impurities of amiodarone, an anti-arhythmic drug, have been assigned. By
comparing analyses of products of incubation with rat liver microsomes with controls in which glucose 6-
phosphate dehydrogenase was omitted, metabolites could be distinguished from impurities. Structures for
the two proposed metabolites and four impurities are proposed. Copyright# 2000 John Wiley & Sons, Ltd.
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Amiodarone is a powerful anti-arrhythmic drug for the
treatment of supraventricular and ventricular tachyarrhyth-
mias. Amiodarone, 2-butyl-3-[3,5-diiodo-4-b-diethyl-
aminoethoxybenzoyl]benzofuran, is a diiodinated benzofur-
an derivative, structurally distinct from the other classes of
anti-arrhythmic agents. Previous studies have shown that
the major metabolites identified in plasma from experi-
mental animals and human are desethylamiodarone and
didesethylamiodarone.1–3

The biotransformations that result from the metabolic
pathways usually produce less lipophilic and less toxic
entities, but there are many recorded examples where the
metabolism of a xenobiotic results in bioactivation to a toxic
metabolite. In addition, sometimes it is difficult to
differentiate the metabolites from drug impurities. A critical
role of any analytical group which supports the process
development of a drug substance is the ability to provide
purity information to process chemists in a timely manner.
Accurate data are needed to evaluate the effects of changes
in synthetic chemistry on the purity of the synthesized
product. In order to meet these needs, the analyst must
develop analytical methods which provide high quality
results in the shortest amount of time possible.

The application of mass spectrometry (MS) in the field of
drug metabolism and impurity profiles has been accelerated
by the development of atmospheric pressure ionization
techniques, including atmospheric pressure chemical ioni-
zation (APCI), which have allowed the routine coupling of
high performance liquid chromatography (HPLC) and mass
spectrometry (LC/MS).4 Recently, tandem mass spectro-
metry (MS/MS) has been increasingly used in the

characterization of metabolites and impurities of drugs. In
this paper, to investigatein vitro metabolism and impurities
for amiodarone, LC/APCI-MS and MS/MS techniques were
utilized.

EXPERIMENTAL

Materials

Amiodarone and desethylamiodarone (M4) were gener-
ously donated by Sanofi Recherche (Montpellier, France).
Methanol and acetonitrile were HPLC grade from Merck
Ltd (Poole, UK). Glucose 6-phosphate, ß-NADP� and
glucose 6-phosphate dehydrogenase were obtained from
Sigma Chemical Co. (St. Louis, MO, USA).

In vitro incubation

Rat liver microsomal preparations (0.5 mg) were preincu-
bated with 10mL of amiodarone (10 mM) in 50mL of
potassium phosphate buffer (pH 7.4, 0.1 M) at 37°C for
10 min. Incubation was started by the addition of 1 unit of
glucose 6-phosphate dehydrogenase with a NADPH gen-
erating system (50mL of glucose 6-phosphate (0.1 M),
25mL of b-NADP� (10 mg/mL)), and continued for 2 h.
Reaction was terminated by the addition of 2 mL of
methylene chloride. The mixture was shaken mechanically
for 10 min and centrifuged at 2000 rpm for 5 min and the
organic layer was transferred to other vials and analyzed by
LC/MS.

Instrumentation

HPLC separation was carried out using a Hewlett-Packard
1100 HPLC system (Palo Alto, CA, USA). Amiodarone, its
metabolites and impurities were separated isocratically on a
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Figure 1. Extractedmasschromatogramsfrom LC/MS data obtainedunder isocratic chromatographic
conditions.Top panel is the total ion chromatogram,and the othersare the extractedion chromatograms
indicated.

Figure 2. HPLC/APCI-MSspectrum(upperpanel)andMS/MS spectrum(lower panel)of the
MH� ion at m/z646 for amiodarone.
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RP-18 GP (Kanto Chemical Co., Japan) column, 4.6�
250mm, 5 mm particle size. Methanol/acetonitrile/acetic
acid buffer (40:35:25, pH 3.5) was usedas mobile phase
with a flow rate of 0.8mL/min. Samples were analyzed
using aLCQ massspectrometer(Finnigan, USA) fitted with
anatmosphericpressurechemical ionization (APCI) source.
The flow leavingtheconventional HPLC column wassplit
in aratioof 50:1,suchthatonly 40mL/min enteredthemass
spectrometer. The temperature of vaporizer and capillary
were 350 and 150°C, respectively. The potential on the
corona discharge needle was 6 kV, and the MS/MS
precursor selectionwidth and collision energywere 2 Da
and30%of the full excitationvoltage(5 V), respectively.

RESULTS AND DISCUSSION

Identification of the metabolites and impuritie s

The characterization of amiodarone metabolites and im-
purities wasperformed by HPLC/APCI-MS/MS. Compari-
sonsamongauthentic standards,control samples (without
glucose6-phosphatedehydrogenase),and in vitro incuba-
tion samples(with theNADPH generating system) showed
that M4 andM6 arethe major metabolites of amiodarone,

while the others(M1, M2, M3 and M5) are identified as
traceimpuritiesfrom thesynthesisof authentic compounds.
Thesix metabolitesandimpuritieswereidentifiedin in vitro
incubationsamples,basedon both the presenceor absence
of peaksin the chromatogramscomparedwith those in the
corresponding in vitro control sample, andon their charac-
teristic MS/MS spectra. The total ion chromatogram (TIC)
and extracted mass chromatogramsfrom LC/MS experi-
mentson an incubation sample scanare shownin Fig. 1.
Most of the metabolites andimpuritiesexcept M5 andM6
wereelutedprior to amiodaronein thereversedphaseHPLC
system.In positive ion mode,amiodaroneis observedasits
protonatedmolecule (MH�) at m/z646 (10.1min), whilst
theother metabolitesweredetectedastheirMH� ionsatm/z
536 (M1), 662 (M2), 520 (M3), 618 (M4), 536 (M5) and
662(M6) with retentiontimesof 4.2, 4.8,7.8,8.5,11.4and
16.2min, respectively.

Figure 2 shows the mass spectrum for the drug
(amiodarone, upper panel), and the product ion mass
spectrum(lower panel) from the MH� precursor at m/z
646. The product ion spectrum shows a predominant
fragment ion at m/z 573, which corresponds to loss of
diethylamine. The product ions at m/z 201 and 446 are
producedby cleavagebetween the benzofuran and diio-

Figure 3. Massspectrum(upperpanelof M1) andMS/MSspectrum(lowerpanel)of theMH�

precursorion at m/z536.Theprecursorion is not shownin the MS/MS spectrum.
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doethylaminoethoxybenzoyl moieties. Theseions provide
importantcluesfor thecharacterization of thechangesin the
metabolites and impurities, relative to the parent drug, by
interpretationof the fragment ion spectra.

The molecular weight of M1 is 535u (MH� at m/z536;
seethe massspectrum in Fig. 3, upperpanel).The mass
differenceof 110Da relative to the molecular massof the
parent drug indicatesthat this compoundcorresponds to
amiodarone that has undergone aliphatic hydroxylation
togetherwith lossof oneiodineatom(Fig. 3). The product
ion spectrum of m/z 536 (Fig. 3, lower panel) shows a
predominant loss of water (m/z 518) and no surviving
precursor ion. Generally the lossof water from a phenolic
position is difficult andnot common,6 strongly suggesting
thelossof waterfrom aliphatic hydroxylation. Thefragment
ions at m/z 273 and 445 are 126u lighter relative to the
fragment at m/z399and571of theproduct ion spectrum of
M2, respectively. This suggests thatM1 andM2 arerelated
by H/I substitution on the diiodoethylaminoethoxybenzoyl
moiety, which is intact in M2.

Basedon its molecular mass (MH� at m/z 662) and
elution time, M2 can be rationalized as a hydroxylated
metabolite. Thelikely site for hydroxyl incorporation is the
benzene ring within thebenzofuranring system.In phaseI

metabolism, aromatic hydroxylation is a very common
reaction for drugs and xenobiotics containing a benzene
ring.5 As shown in Fig. 4, the product ion spectrum gives
rise to a fragmentat m/z644,which correspondsto lossof
H2O from the MH� ion, andto other fragmentsat m/z571
and399.Although underLC/APCI-MS conditionsthe loss
of water is not favoredwhen hydroxylation occurs at the
phenolic position, because in this casethe MH� ion (m/z
662) shows almostthesameintensity asthebasepeak(m/z
644) under APCI-MS/MS conditions, this assumption
seems reasonable.Thefragment ion at m/z571resultsfrom
thelossof waterfrom MH� followedby subsequentlossof
diethylamine.The expectedfragmention corresponding to
the unchangedbenzofuran ring at m/z201 was not found,
butanion wasobservedatm/z446,whichcanbeinterpreted
to meanthat the diiodoethylaminoethoxybenzoylmoiety is
unchanged.

TheM3 compoundwasfoundto give riseto anMH� ion
at m/z520 with a retentiontime of 7.8min (Fig. 5, upper
panel). The mass differenceof 126u relative to the parent
drug indicatesthatamiodaronehasundergoneH/I substitu-
tion. From the MS/MS spectrum of the MH� ion (Fig. 5,
lowerpanel), thebasepeakatm/z447 is analogousto theion
at m/z573 formedfrom theparent drug throughthe lossof

Figure 4. HPLC/APCI-MS full-scan spectrum(upper panel) and MS/MS spectrum(lower
panel)of theMH� precursorion at m/z662 for M2. Theprecursorion andthe [MH ÿ H2O]�

fragmentareshownat almostthesameintensity.
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Figure 5.HPLC/APCI-MSspectrum(upperpanel)andMS/MSspectrum(lowerpanel)of theMH�

precursor ion at m/z520for M3. The ion correspondingto lossof diethylamineis detectedat m/z
447.
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Figure 6. Massspectrum(upperpanel)andMS/MS spectrum(lower panel)of theMH� ion of M4.
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Figure 7. HPLC/APCI-MS full-scan spectrum(upper panel) and MS/MS spectrum(lower
panel)of theMH� ion at m/z536for M5. Thebasepeakresultsfrom the lossof theN-diethyl
groupasdiethylamine.
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Figure 8. Mass spectrum(upper panel) and MS/MS spectrum(lower panel) of the MH�

precursorion at m/z646 for M6. The [MH ÿO]� ion wasdetectedat m/z662.

Figure 9. Proposedin vitro metabolitesandimpuritiesof amiodarone.
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diethylamine. The characteristic ion at m/z 201, charac-
teristic of thebenzofuran ring, is observed.Thefragmentat
m/z 492 corresponds to loss of 28u from the MH� ion,
possibly ethylene from the diethylaminemoiety, and m/z
421resultsfrom thecleavageof theO-C (ethoxy) bondwith
H-transfer.

The MS and MS/MS spectra of the MH� ion of
desethylamiodarone (M4), already known to be a major
metabolite of amiodarone,areshownin Fig. 6. TheMS/MS
spectrum of the MH� ion of the metabolite M4 (precursor
ion m/z618)exhibits a predominantproduct ion at m/z547,
correspondingto thecleavageof theO-C(ethoxy)bond,and
thereis little or no fragmentation otherthanthe basepeak.
The identification of the metabolite M4 wasconfirmedby
comparisonwith the authentic compound.

The MH� ion of M5 was detected at m/z 536 (Fig. 7,
upperpanel),andM5 wascharacterizedasanimpurity that
hadsubstituteda hydroxyl for an iodine in theparentdrug.
The product ion spectrum of the MH� ion (Fig. 7, lower
panel) shows that m/z463,expectedfrom the lossof anN-
diethylgroupasdiethylamine,is thebasepeak,andm/z201,
which is theion characteristicof theunchangedbenzofuran
moiety, is observedasan abundant ion.

The metabolite M6 (MH� at m/z662) is assignedasthe
N-oxideof amiodarone(Fig. 8). Thebasepeakof themass
spectrum is m/z646, which is the [M� HÿO]� ion. As
observed previously, N-oxides produce abundant [M �
HÿO]� ionsunderLC/APCI-MSconditions.6 The lossof
theN-diethylgroupleadsto thefragment atm/z573,andthe
characteristic ion at m/z201 is againobserved.

CONCLUSIONS

Using the HPLC/APCI-MS/MS technique, together with
established trends from the literature, the structures of
metabolites and impurities of amiodarone have been
assigned. The summarized results for the two proposed
metabolites and four impurities are shown in Fig. 9.
Knowledge of these metabolites and impurities will be
helpful in future xenobiotic studiesandin providing purity
information for synthetic processes.
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