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Abstract

A rapid and sensitive method to determine colchicine in human plasma by liquid chromatography—tandem mass spectrometry (LC-MS/MS) has
been 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
acetate: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
spectrometry in the multiple-reaction monitoring (MRM) mode. The assay was linear in the concentration range 0.050—-10 ng/ml with intra- and
inter-day precision (as relative standard deviation (R.S.D.)) of <2 and <7%, respectively. The method was applied to a pharmacokinetic study of

colchicine in healthy volunteers given an oral dose of 2.0 mg.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Colchicine, [(S)-N-(5,6,7,9-tetrahydro-1,2,3,10-tetrameth-
oxy-9-oxobenzo-(a)-heptalen-7-yl)-acetamide], is the major
alkaloid in the plant Colchicum autumnale (meadow saffron).
It is a powerful antiinflammatory agent used principally to treat
acute attacks of gout. Unfortunately, it is genotoxic by virtue of
its ability to inhibit mitosis and has a narrow therapeutic index in
relation to gastrointestinal problems [1]. In addition, reports of
death caused by accidental ingestion of meadow saffron [2—4]
demonstrate that a dose of colchicine over 0.8 mg/kg usually
results in cardiogenic shock [1]. In clinical use, colchicine is
administered at a dose of 1-2 mg requiring a sensitive analytical
method to measure the low concentrations found in human
plasma.

Various analytical methods have been developed to
determine colchicine in biological samples including gas
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chromatography—mass spectrometry [5], and high-performance
liquid chromatography (HPLC) with ultraviolet [1,6-8], pho-
todiode array [9], or mass spectrometric detection [10-13].
Many of these assays relate to the forensic situation or
to analysis of formulations or plant material and are not
focused on assay of biological samples produced as part of
clinical pharmacokinetic studies or therapeutic drug monitor-
ing. One liquid chromatography—tandem mass spectrometry
(LC-MS/MS) assay developed for clinical purposes achieved
high sensitivity (limit of detection (LOD) of 0.6 ng/ml) in a
short run time (5 min) but required a large sample volume (4 ml)
and suffered poor specificity as a result of using selected-ion
monitoring (SIM).

In this paper, we describe a rapid, sensitive and selective lig-
uid chromatographic tandem mass spectrometric (LC-MS/MS)
method for the determination of colchicine in human plasma
at therapeutic concentrations. The assay requires only a small
sample volume (0.10 ml) but achieves a limit of quantitation
of 0.050ng/ml in a short run time of 2.5 min. The assay has
been applied to a pharmacokinetic study of colchicine in healthy
volunteers given a single 2.0 mg oral dose.
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2. Experimental
2.1. Materials and reagents

Colchicine (purity >99.5%) was kindly supplied by lJilin
Aotai Scientific Research Center (Changchun, PR China). Tega-
fur (purity >99.0%) for use as internal standard (I.S.) was
purchased from the National Institute for the Control of Pharma-
ceutical and Biological Products (Beijing, PR China). Methanol
was HPLC grade and purchased from Fisher Scientific (Fair
Lawn, NJ, USA). All other chemicals were analytical grade
and used without further purification. Distilled water, prepared
from demineralized water, was used throughout the study. Blank
human plasma (drug free) was obtained from the Changchun
Blood Donor Service (Changchun, PR China).

2.2. Standard and quality control solutions

Stock solutions of colchicine and tegafur (1.0 mg/ml, respec-
tively) were prepared in methanol:water (10:90, v/v). A working
internal standard solution (tegafur, 20ng/ml) was prepared
by 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 pg/ml colchicine was
prepared by pipetting 100 pl of the colchicine stock solution
into a 100 ml volumetric flask and making to volume with blank
plasma. An aliquot (1 ml) of this was transferred to another
100 ml volumetric flask and made to volume with blank plasma
to produce a 10 ng/ml standard. Other spiked standards (0.050,
0.10, 0.30, 1.0 and 3.0 ng/ml) were prepared by dilution of the
10 ng/ml standard with blank plasma. Low, medium and high
quality control (QC) samples (0.10, 1.0, 8.0 ng/ml) were pre-
pared in a similar way from an independently prepared stock
solution.

2.3. LC-MS/MS

The LC-MS/MS system consisted of an Agilent 1100
series HPLC (Agilent Technologies, Palo Alto, CA, USA) and
an Applied Biosystems Sciex API 4000 mass spectrometer
(Applied Biosystems Sciex, Ontario, Canada) using electrospray
ionization (ESI). Chromatography was performed on a Zorbax
Extend C;g column (5 pm, 150 mm x 4.6 mm i.d. from Agilent
Technologies) maintained at 40 °C with a mobile phase of formic
acid:10 mM ammonium acetate:methanol (1:49:75, v/v/v) at a
flow rate of 1.1 ml/min. An approximately 1:1 split of the col-
umn eluant was included so that only 0.55 ml/min entered the
mass spectrometer.

The detector was operated at unit resolution in the multiple-
reaction monitoring (MRM) mode. Two transitions of the
protonated molecular ions of colchicine at m/z 400.3 — 358.1
and m/z 400.3 — 282.2 were used for compound identifi-
cation. Tegafur was monitored using the transition at m/z
200.8 — 130.9. In order to optimize MS parameters, a mixed
solution of analyte and I.S. was infused into the mass spec-
trometer using a syringe pump. Optimized parameters were as
follows: curtain gas, gas 1 and gas 2 (nitrogen) 15, 50 and

30 units, respectively; dwell time 200 ms; source temperature
550 °C; IonSpray voltage 4000 V. Declustering potentials were
79V for colchicine and 45 V for tegafur. Collision energies were
31eV (m/z 400.3 — 358.1) and 40 eV (m/z 400.3 — 282.2) for
colchicines and 9 eV for tegafur. The instrument was interfaced
to a computer running Applied Biosystems Analyst version 1.3
software.

2.4. Sample preparation

An aliquot of plasma (100 wl) was placed in a 10ml
glass tube followed by 100l LS. solution and 3ml n-
hexane:dichloromethane:isopropanol (300:150:15, v/v/v). The
mixture was vortex-mixed for 30 s and shaken for 10 min. After
centrifugation at 3500 x g for 5 min, the organic phase was trans-
ferred to another 10 ml glass tube and evaporated to dryness
at 40°C under a gentle stream of nitrogen. The residue was
reconstituted in 100 wl mobile phase and 20 pl injected into the
LC-MS/MS system.

2.5. Assay validation

Three independent standard curves and six replicate low,
medium and high QC samples were analyzed on three different
days. Linearity was analyzed by weighted linear regression
(1/x?) of analyte—internal standard peak area ratios. Intra- and
inter-day precision (as relative standard deviation (R.S.D.))
and accuracy (as relative error) were based on assay of
the QC samples. The lower limit of quantitation (LLOQ)
was the concentration below which the inter-day R.S.D.
exceeded 20%. The limit of detection was determined as the
concentration with signal-to-noise ratio of 3. The absolute
recoveries of colchicine were determined by comparing peak
areas of extracted QC samples with those of corresponding
concentrations standard solutions prepared in methanol:water
(50:50, v/v).

Matrix effects for colchicine were evaluated by comparing
the peak areas of analyte produced by assay of plasma samples
from six different drug free volunteers spiked with colchicine
solutions prepared in methanol:water (50:50, v/v) at QC con-
centrations (0.10, 1.0, 8.0 ng/ml) with the peak areas of analyte
produced by assay of water samples spiked with colchicine solu-
tions prepared in the same way. Matrix effects for tegafur were
investigated in a similar way using 1.S. solution.

Stability tests were evaluated using QC samples stored for
1 month at —20 °C and subjected to three freeze—thaw cycles.
Stabilities of the stock solutions of the analyte and internal stan-
dard at 4°C for 1 month and of QC samples in mobile phase
on storage in plastic autosampler vials (Agilent Technologies)
at room temperature for 12 h were also investigated.

2.6. Pharmacokinetic study

Twenty male volunteers (mean age 22.2 £ 1.1 years; mean
body weight 64.9 4+ 8.2kg) were enrolled in the study. They
were not allowed to consume alcohol or take any other medi-
cation 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 (%)
0.10 0.10 0.00 1.88 6.93 —1.59
1.0 0.96 0.03 1.59 6.71 —4.35
8.0 7.8 0.18 1.97 4.06 —2.48

the Ethics Committee of the First Hospital of Jilin university,
China. All healthy volunteers read the protocol and gave writ-
ten informed consent before entering the study. After a 12 h fast,
volunteers ingested a single 2.0 mg colchicine tablet with 200 ml
of water. Venous blood samples were collected into heparinized
tubes immediately before administration and at the following
times after dosing: 0.17, 0.33, 0.50, 1.0, 1.5, 2.0, 3.0, 6.0, 12,
24 and 48 h after dosing. Plasma samples were obtained by cen-
trifugation of whole blood at 3000 x g for 10 min and stored at
—20 °C until analysis.

3. Results and discussion
3.1. Mass spectrometry
Protonated molecular ions [M+H]* for both analyte and

internal standard gave good responses. The chemical struc-
tures of colchicine and tegafur and the full-scan product ion
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Fig. 1. Full-scan product ion spectra of [M+H]* and structures for: (A)
colchicine and (B) tegafur.

spectra of [M+H]* are shown in Fig. 1. The MS parame-
ters were optimized to maximize the response. The transition
at m/z 400.3 — 358.1 was chosen for colchicine quantifica-
tion.

3.2. Chromatography

The following commercial HPLC columns were evalu-
ated; Nucleosil Cig (5 pm, 50 mm x 4.6 mm i.d.), Hypersil
ODS2 (5pm, 150mm x 4.6 mm i.d.), Restek Pinnacle Cig
(3 pm, 100mm x 2.1 mm i.d.) and Zorbax Extend C;g (5 um,
150 mm x 4.6 mm i.d.). The narrow bore Restek Pinnacle col-
umn gave a very high back pressure even at a flow rate of
0.3 ml/min and was abandoned. Of the other columns, the
Zorbax Extend C;g column was found to give the best chro-
matography with minimal matrix effects.

Various mobile phase combinations of acetonitrile, methanol
and formic acid were investigated to optimize the chromatog-
raphy. Methanol gave a better response than acetonitrile and
peak shape was improved by the addition of formic acid.
The inclusion of 10mM ammonium acetate also improved
the signal response. Further improvement in peak shape with
reduced cycle time was achieved by increasing the flow rate
(1.1 ml/min) and splitting the column effluent. The LC efflu-
ent was diverted to waste for the first 1.1 min after injection
to avoid introducing hydrophilic impurities. Of three potential
candidates for internal standard (tramadol, diazepam and tega-
fur), tegafur was chosen because of its satisfactory peak shape,
relatively high recovery and similar retention time to that of
colchicine.

3.3. Assay validation

Representative chromatograms of blank plasma, blank
plasma spiked with colchicine at the LLOQ (0.050 ng/ml) and
a study sample containing a low concentration of colchicine are
shown in Fig. 2. The standard curves were linear in the range
0.050-10ng/ml (r>0.9991) with an LOD of 35 pg/ml. Intra- and
inter-day precisions were 1.6-2.0 and 4.1-6.9% respectively,
and accuracy was 91.9-103.0% (Table 1).

Absolute recoveries of colchicine at concentrations of 0.10,
1.0 and 8.0 ng/ml were 88.9 £+ 1.3, 86.4 + 1.1 and 83.2 £2.3%,
respectively. Matrix effects were minimal based on concen-
trations being 97.2-105.1% of nominal concentrations for
colchicine and 95.4-106.1% for tegafur. The results indicate
that no co-eluting endogenous substances influenced the ioniza-
tion of analyte or I.S. Colchicine was stable under all the storage
conditions evaluated with mean recoveries of 95.6-105.3% of
the nominal concentrations.



Y. Jiang et al. / J. Chromatogr. B 850 (2007) 564-568

m’z 400.3— 358.1

567

m/z 200.8— 130.9

100%
“IMax. 250.0 cps. |
. 80%-
£
= 60% 7
= 40%
o
20% 1
0% T T T T — T
04 08 1.2 16 20 24
(A) Time, min
m/'z 400.3— 358.1 1.99
100% : ’ ?
"Max. 498.9 cps. 1
L 80%
G\Q
= 60%
= 40%
[
20% A
0% T T T T ——
04 08 12 16 20 24
(B) Time, min
- 2.01
100%, Mz 4003~ 358.1
“IMax. 4420.0 cps. I
. 80%-
&
= 60% -
5 40%
[
20%
0% T T T T T T
04 08 12 16 20 24
(C) Time, min

100%
*IMax. 325.0 cps 1
. 80%
£
= 60%
K=
5 40% 1
[
20% 1
0% - T T T T T
04 08 12 16 20 24
Time, min
m/z 200.8— 130.9
100%- 3 3 1.49
Max. 6493.0 cps. 11
L 80%-
&£
= 60%1
S
= 40%
[
20% -
0% T L2 T T T T T C
04 08 12 16 20 24
Time, min
o, m/z200.8— 130.9 1.51
e Max. 4835.0 cps. I
 80%]
&2
~ 60% -
= 40%
[
20% A
0% T T T T ——T
04 08 12 16 20 24
Time, min

Fig. 2. Representative MRM chromatograms of: (A) blank plasma, (B) plasma spiked with colchicine at the lower limit of quantitation (0.050 ng/ml) and (C) a
plasma sample 0.50 h after an oral administration of 2.0 mg colchicine tablets to healthy volunteers. Peak I, colchicine; Peak 11, tegafur.

3.4. Pharmacokinetic study

The mean plasma concentration—time profile obtained after
a single 2.0mg oral dose of colchicine is shown in Fig. 3.
The mean maximum concentration (Cpax) was 6.0 £ 3.4 ng/ml
occurring at (fmax) 1.6 £0.7h. The mean plasma elimination
half-life was 16.5 £4.1h and the mean area under the plasma
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Fig. 3. Mean plasma concentration—time profile of colchicine after adminis-
tration of a 2.0 mg colchicine tablet to healthy volunteers (n=20). Data are
mean £+ S.D.

concentration—time curve 44.1 +18.9ngh/ml. The Cy,x and
max values were similar to those reported in literature [14,15].

4. Conclusion

A LC-MS/MS method has been developed for the determina-
tion of colchicine in human plasma at therapeutic concentrations.
The method requires only 100 1 plasma and allows a high sam-
ple throughput (more than 200 samples daily) due to the short run
time of 2.5 min and relatively simple sample preparation proce-
dure. The precision, accuracy, sensitivity and selectivity of the
method make it suitable for human pharmacokinetic studies.
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