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bstract

A rapid and sensitive method to determine colchicine in human plasma by liquid chromatography–tandem mass spectrometry (LC–MS/MS) has
een developed. Colchicine and the internal standard (I.S.), tegafur, were extracted from the matrix with n-hexane:dichloromethane:isopropanol
300:150:15, v/v/v) and separated by reversed-phase high-performance liquid chromatography (HPLC) using formic acid:10 mM ammonium
cetate:methanol (1:49:75, v/v/v) as the mobile phase in a run time of 2.5 min. Detection was carried out by electrospray positive ionization mass

pectrometry in the multiple-reaction monitoring (MRM) mode. The assay was linear in the concentration range 0.050–10 ng/ml with intra- and
nter-day precision (as relative standard deviation (R.S.D.)) of <2 and <7%, respectively. The method was applied to a pharmacokinetic study of
olchicine in healthy volunteers given an oral dose of 2.0 mg.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Colchicine, [(S)-N-(5,6,7,9-tetrahydro-1,2,3,10-tetrameth-
xy-9-oxobenzo-(a)-heptalen-7-yl)-acetamide], is the major
lkaloid in the plant Colchicum autumnale (meadow saffron).
t is a powerful antiinflammatory agent used principally to treat
cute attacks of gout. Unfortunately, it is genotoxic by virtue of
ts ability to inhibit mitosis and has a narrow therapeutic index in
elation to gastrointestinal problems [1]. In addition, reports of
eath caused by accidental ingestion of meadow saffron [2–4]
emonstrate that a dose of colchicine over 0.8 mg/kg usually
esults in cardiogenic shock [1]. In clinical use, colchicine is
dministered at a dose of 1–2 mg requiring a sensitive analytical
ethod to measure the low concentrations found in human
lasma.
Various analytical methods have been developed to

etermine colchicine in biological samples including gas
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hromatography–mass spectrometry [5], and high-performance
iquid chromatography (HPLC) with ultraviolet [1,6–8], pho-
odiode array [9], or mass spectrometric detection [10–13].

any of these assays relate to the forensic situation or
o analysis of formulations or plant material and are not
ocused on assay of biological samples produced as part of
linical pharmacokinetic studies or therapeutic drug monitor-
ng. One liquid chromatography–tandem mass spectrometry
LC–MS/MS) assay developed for clinical purposes achieved
igh sensitivity (limit of detection (LOD) of 0.6 ng/ml) in a
hort run time (5 min) but required a large sample volume (4 ml)
nd suffered poor specificity as a result of using selected-ion
onitoring (SIM).
In this paper, we describe a rapid, sensitive and selective liq-

id chromatographic tandem mass spectrometric (LC–MS/MS)
ethod for the determination of colchicine in human plasma

t therapeutic concentrations. The assay requires only a small

ample volume (0.10 ml) but achieves a limit of quantitation
f 0.050 ng/ml in a short run time of 2.5 min. The assay has
een applied to a pharmacokinetic study of colchicine in healthy
olunteers given a single 2.0 mg oral dose.

mailto:gujk@mail.jlu.edu.cn
dx.doi.org/10.1016/j.jchromb.2006.12.022
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.1. Materials and reagents

Colchicine (purity >99.5%) was kindly supplied by Jilin
otai Scientific Research Center (Changchun, PR China). Tega-

ur (purity >99.0%) for use as internal standard (I.S.) was
urchased from the National Institute for the Control of Pharma-
eutical and Biological Products (Beijing, PR China). Methanol
as HPLC grade and purchased from Fisher Scientific (Fair
awn, NJ, USA). All other chemicals were analytical grade
nd used without further purification. Distilled water, prepared
rom demineralized water, was used throughout the study. Blank
uman plasma (drug free) was obtained from the Changchun
lood Donor Service (Changchun, PR China).

.2. Standard and quality control solutions

Stock solutions of colchicine and tegafur (1.0 mg/ml, respec-
ively) were prepared in methanol:water (10:90, v/v). A working
nternal standard solution (tegafur, 20 ng/ml) was prepared
y dilution of the tegafur stock solution with methanol:water
50:50, v/v). All solutions were stored at 4 ◦C.

A spiked plasma standard containing 1 �g/ml colchicine was
repared by pipetting 100 �l of the colchicine stock solution
nto a 100 ml volumetric flask and making to volume with blank
lasma. An aliquot (1 ml) of this was transferred to another
00 ml volumetric flask and made to volume with blank plasma
o produce a 10 ng/ml standard. Other spiked standards (0.050,
.10, 0.30, 1.0 and 3.0 ng/ml) were prepared by dilution of the
0 ng/ml standard with blank plasma. Low, medium and high
uality control (QC) samples (0.10, 1.0, 8.0 ng/ml) were pre-
ared in a similar way from an independently prepared stock
olution.

.3. LC–MS/MS

The LC–MS/MS system consisted of an Agilent 1100
eries HPLC (Agilent Technologies, Palo Alto, CA, USA) and
n Applied Biosystems Sciex API 4000 mass spectrometer
Applied Biosystems Sciex, Ontario, Canada) using electrospray
onization (ESI). Chromatography was performed on a Zorbax
xtend C18 column (5 �m, 150 mm × 4.6 mm i.d. from Agilent
echnologies) maintained at 40 ◦C with a mobile phase of formic
cid:10 mM ammonium acetate:methanol (1:49:75, v/v/v) at a
ow rate of 1.1 ml/min. An approximately 1:1 split of the col-
mn eluant was included so that only 0.55 ml/min entered the
ass spectrometer.
The detector was operated at unit resolution in the multiple-

eaction monitoring (MRM) mode. Two transitions of the
rotonated molecular ions of colchicine at m/z 400.3 → 358.1
nd m/z 400.3 → 282.2 were used for compound identifi-
ation. Tegafur was monitored using the transition at m/z

00.8 → 130.9. In order to optimize MS parameters, a mixed
olution of analyte and I.S. was infused into the mass spec-
rometer using a syringe pump. Optimized parameters were as
ollows: curtain gas, gas 1 and gas 2 (nitrogen) 15, 50 and
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0 units, respectively; dwell time 200 ms; source temperature
50 ◦C; IonSpray voltage 4000 V. Declustering potentials were
9 V for colchicine and 45 V for tegafur. Collision energies were
1 eV (m/z 400.3 → 358.1) and 40 eV (m/z 400.3 → 282.2) for
olchicines and 9 eV for tegafur. The instrument was interfaced
o a computer running Applied Biosystems Analyst version 1.3
oftware.

.4. Sample preparation

An aliquot of plasma (100 �l) was placed in a 10 ml
lass tube followed by 100 �l I.S. solution and 3 ml n-
exane:dichloromethane:isopropanol (300:150:15, v/v/v). The
ixture was vortex-mixed for 30 s and shaken for 10 min. After

entrifugation at 3500 × g for 5 min, the organic phase was trans-
erred to another 10 ml glass tube and evaporated to dryness
t 40 ◦C under a gentle stream of nitrogen. The residue was
econstituted in 100 �l mobile phase and 20 �l injected into the
C–MS/MS system.

.5. Assay validation

Three independent standard curves and six replicate low,
edium and high QC samples were analyzed on three different

ays. Linearity was analyzed by weighted linear regression
1/x2) of analyte–internal standard peak area ratios. Intra- and
nter-day precision (as relative standard deviation (R.S.D.))
nd accuracy (as relative error) were based on assay of
he QC samples. The lower limit of quantitation (LLOQ)
as the concentration below which the inter-day R.S.D.

xceeded 20%. The limit of detection was determined as the
oncentration with signal-to-noise ratio of 3. The absolute
ecoveries of colchicine were determined by comparing peak
reas of extracted QC samples with those of corresponding
oncentrations standard solutions prepared in methanol:water
50:50, v/v).

Matrix effects for colchicine were evaluated by comparing
he peak areas of analyte produced by assay of plasma samples
rom six different drug free volunteers spiked with colchicine
olutions prepared in methanol:water (50:50, v/v) at QC con-
entrations (0.10, 1.0, 8.0 ng/ml) with the peak areas of analyte
roduced by assay of water samples spiked with colchicine solu-
ions prepared in the same way. Matrix effects for tegafur were
nvestigated in a similar way using I.S. solution.

Stability tests were evaluated using QC samples stored for
month at −20 ◦C and subjected to three freeze–thaw cycles.

tabilities of the stock solutions of the analyte and internal stan-
ard at 4 ◦C for 1 month and of QC samples in mobile phase
n storage in plastic autosampler vials (Agilent Technologies)
t room temperature for 12 h were also investigated.

.6. Pharmacokinetic study
Twenty male volunteers (mean age 22.2 ± 1.1 years; mean
ody weight 64.9 ± 8.2 kg) were enrolled in the study. They
ere not allowed to consume alcohol or take any other medi-

ation during the study. The clinical protocol was approved by
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Table 1
Precision and accuracy for the determination of colchicine in human plasma (six replicates per day, on 3 different days)

Nominal concentration (ng/ml) Calculated concentration (ng/ml) S.D. Intra-day R.S.D. (%) Inter-day day R.S.D. (%) Relative error (%)
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.10 0.10 0.0

.0 0.96 0.0

.0 7.8 0.1

he Ethics Committee of the First Hospital of Jilin university,
hina. All healthy volunteers read the protocol and gave writ-

en informed consent before entering the study. After a 12 h fast,
olunteers ingested a single 2.0 mg colchicine tablet with 200 ml
f water. Venous blood samples were collected into heparinized
ubes immediately before administration and at the following
imes after dosing: 0.17, 0.33, 0.50, 1.0, 1.5, 2.0, 3.0, 6.0, 12,
4 and 48 h after dosing. Plasma samples were obtained by cen-
rifugation of whole blood at 3000 × g for 10 min and stored at

20 ◦C until analysis.

. Results and discussion

.1. Mass spectrometry
Protonated molecular ions [M+H]+ for both analyte and
nternal standard gave good responses. The chemical struc-
ures of colchicine and tegafur and the full-scan product ion

ig. 1. Full-scan product ion spectra of [M+H]+ and structures for: (A)
olchicine and (B) tegafur.
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1.88 6.93 −1.59
1.59 6.71 −4.35
1.97 4.06 −2.48

pectra of [M+H]+ are shown in Fig. 1. The MS parame-
ers were optimized to maximize the response. The transition
t m/z 400.3 → 358.1 was chosen for colchicine quantifica-
ion.

.2. Chromatography

The following commercial HPLC columns were evalu-
ted; Nucleosil C18 (5 �m, 50 mm × 4.6 mm i.d.), Hypersil
DS2 (5 �m, 150 mm × 4.6 mm i.d.), Restek Pinnacle C18

3 �m, 100 mm × 2.1 mm i.d.) and Zorbax Extend C18 (5 �m,
50 mm × 4.6 mm i.d.). The narrow bore Restek Pinnacle col-
mn gave a very high back pressure even at a flow rate of
.3 ml/min and was abandoned. Of the other columns, the
orbax Extend C18 column was found to give the best chro-
atography with minimal matrix effects.
Various mobile phase combinations of acetonitrile, methanol

nd formic acid were investigated to optimize the chromatog-
aphy. Methanol gave a better response than acetonitrile and
eak shape was improved by the addition of formic acid.
he inclusion of 10 mM ammonium acetate also improved

he signal response. Further improvement in peak shape with
educed cycle time was achieved by increasing the flow rate
1.1 ml/min) and splitting the column effluent. The LC efflu-
nt was diverted to waste for the first 1.1 min after injection
o avoid introducing hydrophilic impurities. Of three potential
andidates for internal standard (tramadol, diazepam and tega-
ur), tegafur was chosen because of its satisfactory peak shape,
elatively high recovery and similar retention time to that of
olchicine.

.3. Assay validation

Representative chromatograms of blank plasma, blank
lasma spiked with colchicine at the LLOQ (0.050 ng/ml) and
study sample containing a low concentration of colchicine are

hown in Fig. 2. The standard curves were linear in the range
.050–10 ng/ml (r > 0.9991) with an LOD of 35 pg/ml. Intra- and
nter-day precisions were 1.6–2.0 and 4.1–6.9% respectively,
nd accuracy was 91.9–103.0% (Table 1).

Absolute recoveries of colchicine at concentrations of 0.10,
.0 and 8.0 ng/ml were 88.9 ± 1.3, 86.4 ± 1.1 and 83.2 ± 2.3%,
espectively. Matrix effects were minimal based on concen-
rations being 97.2–105.1% of nominal concentrations for
olchicine and 95.4–106.1% for tegafur. The results indicate

hat no co-eluting endogenous substances influenced the ioniza-
ion of analyte or I.S. Colchicine was stable under all the storage
onditions evaluated with mean recoveries of 95.6–105.3% of
he nominal concentrations.
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ig. 2. Representative MRM chromatograms of: (A) blank plasma, (B) plasm
lasma sample 0.50 h after an oral administration of 2.0 mg colchicine tablets to

.4. Pharmacokinetic study

The mean plasma concentration–time profile obtained after
single 2.0 mg oral dose of colchicine is shown in Fig. 3.
he mean maximum concentration (Cmax) was 6.0 ± 3.4 ng/ml
ccurring at (tmax) 1.6 ± 0.7 h. The mean plasma elimination
alf-life was 16.5 ± 4.1 h and the mean area under the plasma

ig. 3. Mean plasma concentration–time profile of colchicine after adminis-
ration of a 2.0 mg colchicine tablet to healthy volunteers (n = 20). Data are

ean ± S.D.
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ed with colchicine at the lower limit of quantitation (0.050 ng/ml) and (C) a
thy volunteers. Peak I, colchicine; Peak II, tegafur.

oncentration–time curve 44.1 ± 18.9 ng h/ml. The Cmax and
max values were similar to those reported in literature [14,15].

. Conclusion

A LC–MS/MS method has been developed for the determina-
ion of colchicine in human plasma at therapeutic concentrations.
he method requires only 100 �l plasma and allows a high sam-
le throughput (more than 200 samples daily) due to the short run
ime of 2.5 min and relatively simple sample preparation proce-
ure. The precision, accuracy, sensitivity and selectivity of the
ethod make it suitable for human pharmacokinetic studies.
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