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internal standard solution was added. The solution was extracted by liquid-liquid extraction (LLE). The method was
validated according to the European Medicines Agency (EMEA). The total run time was 8 min in LC-MS/MS. The
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validated since the results of the analysis meet the EMEA criteria. In our study, COL plasma levels were found to be
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cost-effective, and sensitive LC-MS/MS method was developed and optimized for quantitation of COL in plasma. It
has been thought that pharmacokinetic studies of COL in plasma can be performed easily using this validated method
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1. Introduction

The pyrin protein is responsible for producing fever symptoms in people with Familial Mediterranean Fever
(FMF). Mutations in the MEFV gene can lead to this disease (Cerquaglia et al., 2005). Colchicine (COL;
C2H2sNOg) reduces the frequency of attacks in FMF patients and is effective in preventing and arresting renal
amyloidosis in most patients (Niel &Scherrmann, 2006; Cocco, Chu & Pandolfi, 2010). COL is a neutral,
lipophilic alkaloid derived from the plant Colchicum Autumnale. In oral administration, it is rapidly and easily
absorbed from the gastrointestinal tract. The maximum peak plasma concentration of COL, after oral admi-
nistration, is reached within 0.5-2 hours (Tateishi et al., 1997). It is mainly absorbed in the ileum. Liver Cy-
tochrome P450 (CYP) enzymes are effective in COL biotransformation (Angelidis et al., 2018). COL is meta-
bolized to inactive metabolites which are 2-demetyl colchicine and 3-demetyl colchicine by CYP3A4 within
48 hours (Lidar et al., 2004; Wason, Di Giacinto & Davis, 2012). COL is eliminated by biliary excretion, 20
% of an oral dose is recovered unchanged in the urine. Elimination half time of COL (T1») is about 23-41
hours. COL has a narrow therapeutic window because the therapeutic level of COL is 0.5-3 ng/ml and the
toxic level of COL is 5 ng/ml (Niel & Scherrmann, 2006). It can lead to acute, subacute, and chronic toxicity.
To achieve therapeutic effects and avoid toxic effects, drug blood concentration analysis is widely used in
Therapeutic Drug Monitoring (TDM). Knowing the monitoring of the drug's blood level by physicians incre-
ases the benefits of rational drug therapy. The use of TDM has become the norm to optimize the prescribed
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dose for a large number of drugs. However, the use of selective and sensitive analytical methods is necessary
for achieving success with TDM. The purpose of this study is to develop and validate a new method for quan-
titative assay of COL in human plasma samples. In this way, a successful TDM follow-up for COL can be
performed using the validated method.

2. Materials and Methods

2.1. Standards and Reagents

Colchicine (COL), and the deuterated compounds used as an internal standard colchicine-d3 (COL-d3)
were purchased from Sigma (Sigma-Aldrich, St. Louis, Missouri, USA). Also, all HPLC solvents and orga-
nic solvents were purchased from Merck (Merck, Kenilworth, New Jersey, USA).

2.2. Preparation of Calibration Standards and Quality Control Samples (QCs)

The stock standard solution was prepared by dissolving COL in methanol (c: 0.1 mg/ml). The diluted stan-
dard solution (100 ng/ml) was obtained by diluting the stock standard solution of COL with methanol: water
[30:70, v/v]. Calibration standards and quality control samples (QCs) were prepared using this diluted standard
solution. The COL-d3 internal stock standard solution was prepared by dissolving COL-d3 (as internal stan-
dard) in methanol (c: 0.01 mg/mL). The diluted internal standard solution (c: 10 ng/mL) was obtained by
diluting the internal stock standard solution of COL-d3 with methanol: water [30:70, v/v]. All solutions were
stored at 4°C until required. Diluted standard solution of COL was added to different volumes of blank plasma
to prepare seven calibration standards and five QCs. The calibration standards included concentrations of 0.25,
0.5, 1.0, 2.0, 4.0, 6.0, 8.0 ng/mL for COL. QCs included concentrations of 0.25, 0.75, 4.0, 6.0, 8.0 ng/mL for
COL.

2.3.LC-MS/MS Conditions

HPLC was performed on an Agilent 1200 HPLC system. COL was performed using an X Terra RP18
analytical column (3mm*150mm; 3.5mm). Chromatographic separation was performed using the gradient mo-
bile phase system. Mobil phase A was deionized water with formic acid [250:1, v/v], and mobile phase B
methanol. The flow rate was 0.5 mL/min under the following conditions: 10% B held 1 min, then increased to
80 % B up to 6 min, and re-equilibrated for 2 min at initial conditions. The column was held at 38°C. MS/MS
was performed on an Agilent 6410 B triple-quadrupole LC-MS/MS. Quantitative analysis was performed using
multiple reaction modes with electrospray positive ionization (ES+) for COL and COL-d3. Quantification was
based on monitoring the parent and product ions of COL m/z 400.2 > 310.3 and COL-d3 m/z 403.3 > 359.2,
as shown in Table 1.

Table 1
Quantitation parameters for COL and COL-d3
Compound  Reten- Parent Quanti- Fragment Quant Cell Ac- Pola-
name tiontime  (m/z) fier pro-  voltage colli- celerator  rity
(RT, duct mass (V) sion voltage
min) (m/z) energy (V)
(eV)
COoL 3.05 403.3 359.2 80 20 7 +
COL-d3 3.05 400.2 310.3 85 25

COL; Colchicine, COL-d3; Colchicine-d3 (as internal standard)

2.4. Extraction Method of COL from Plasma Sample

To 1ml plasma sample, 0.25 ml internal standard solution (COL-d3; (10 ng/ml)) was added. The solution
was extracted with 8 ml ether: dichloromethane [70:30; v/v] and mixed by vortex for 15 min. The phases were
centrifuged for 1 min, 4000 rpm. The organic phase was then evaporated to dryness under a stream of nitrogen
at 40°C. The residue dissolved in 250 pl methanol was injected 30 ul into the system.
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2.5.Validation of COL Method

The method was validated for selectivity, calibration curve range, accuracy and precision, matrix effect,
stability, and lower limit of quantification (LLOQ) according to the European Medicines Agency (EMEA)
guidelines for bioanalytical methods validation and other literature that has done bioanalytical method valida-
tion studies (Jones, Singer & Bannach, 2002; Chéze, Deveaux & Pépin,2006; EMEA, 2011; Gowda, 2014). In
the selectivity study, the blank plasma sample and the lowest level of calibration standard sample were com-
pared at COL and internal standard retention time. In the calibration curve study, seven calibration standards
were analyzed by using the extraction method of COL from the plasma sample. In the accuracy and precision
study, five QCs were analyzed by using the extraction method of COL from a plasma sample. The QC1 level
(0.25 ng/mL) was the same as the level of the lowest calibration standard (0.25 ng/mL). The QC2 level (0.75
ng/mL) was three times the lowest calibration standard (0.25 ng/mL). The QC3 level (4 n/mL) was the middle
level of the calibration curve range. The QC4 level (6 ng/mL) was about 80% of the highest calibration stan-
dard (8 ng/mL). The QCS5 level (8 ng/mL) was the same as the level of the highest calibration standard (8
ng/mL). Six samples were prepared from each QC sample for intraday (within) batch analysis. 18 samples
were prepared for between-batch (batch to batch) analysis. In the matrix effect study, QC2 and QC4 prepared
in plasma were compared with QC2 and QC4 prepared in methanol. In the stability analysis, QC2 and QC4
samples kept at room temperature for 72 hours were compared with fresh prepared QC2 and QC4 samples.
For the LLOQ analysis, it was noted that the signal-to-noise ratio was about 10 and was higher than the inter-
ference area in the blank sample.

2.6. Using The Validated Method for TDM Analysis

In our previous studies (2015a, 2015b), the plasma samples of 40 FMF patients treated at the Marmara
University Training and Research Hospital Rheumatology Unit have been analyzed by this developed method
(Canbolat et al., 2015a; Canbolat et al., 2015b). We have applied to the Ethics Committee of Marmara Uni-
versity and this study has been approved by the Ethics Committee of Marmara University. We have applied to
Marmara University Ethics Committee to analyze patient blood samples. Our ethics committee application
was approved by protocol no MAR-YC-2013.0179. To determine TDM, 2 mL blood samples were drawn from
each patient 30 minutes before the next COL dose. All plasma samples were stored at -20° C until required.

3. Results and Discussion
3.1. Validation of COL Assay Method

Selectivity

A good analytical method should be able to separate the analytes from the endogenous components in the
matrix. Selectivity should be proven by using at least six different plasma sources to find the appropriate
sample of blank plasma to be used in the analysis. The criteria of the selectivity study are that the interference
area in the blank sample is less than 20% of the LLOQ area and 5% of the internal standard area (EMEA,
2011). In our study, blank plasma and LLOQ samples were analyzed by using the extraction method of COL
from a plasma sample. As a result of the analysis, it was determined that there was no peak in the blank sample
and methanol at the retention time (RT) of approximately 3.05 minutes for both COL and internal standard as
seen in Figure 1. It was seen that the method with good selectivity has been developed since the results of the
analysis meet the EMEA selectivity criteria (Jones, Singer & Bannach, 2002; Chéze , Deveaux & Pépin,2006;
EMEA, 2011; Gowda, 2014).
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Figure 1. Chromatograms of the analysis samples. Chromatogram of methanol (as a solvent) (A); Chromatog-
ram of blank sample (B); Chromatogram of COL (LLOQ) m/z: 400.2 > 310.3, RT: 3.05 min. (C); Chromatog-
ram of COL-d3 m/z: 403.3 > 359.2, RT: 3.05 min. (as an internal standard) (D).

Calibration curve range

Before performing the validation of the analytical method, it should be known in which concentration range
it will be studied. This calibration curve should be covered by the lowest calibration standard and the highest
calibration standard. Calibration standards with at least six different concentrations should be used. Along with
the standard samples, blank and zero samples should also be analyzed. According to EMEA criteria, the cal-
culated LLOQ level must be within + 20% of the nominal value of LLOQ. The calculation of the other calib-
ration standard level must be within + 15 % of the nominal value of standards. At least 75% of the calibration
standards must meet this criterion.

In our study, the method has been validated over the 0.25 - 8.0 ng/mL calibration range for COL. The calibra-
tion range was established with seven calibration standards and five QCs. The calibration curve was calculated
by a least-squares linear regression model. Out of seven standards, only one standard was out of the nominal
value. Since the calculated standards and QC values were close to the nominal values, the calibration curve
was accepted. The calibration curve are given in Figure 2. It was seen that the method with a good calibration
curve has been developed since the results of the analysis meet the EMEA criteria (Jones, Singer & Bannach,
2002; Chéze , Deveaux & Pépin,2006; EMEA, 2011; Gowda, 2014).
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Figure 2. Calibration curve. Small circles represent the calibration standard, and small arrows represent
QCs. Calibration standards and QC values were accepted when they were close to nominal values: £15%
for the high and middle levels and £20% for both the LLOQ and lowest QC level.

Accuracy and Precision

The accuracy of an analytical method is that the calculated analyte value is close to the nominal concentra-
tion of the analyte. It should be assessed on QCs. The QCs are analyzed according to the calibration curve and
the calculated QC levels are compared with the nominal value. Accuracy is assessed among QCs obtained
within the batch and between batches. According to EMEA criteria, the calculated QC1 level must be within
+ 20% of the nominal value of QC1. The calculation of the other QC levels must be within + 15 % of the
nominal value of QCs.

In our study, within-batch accuracy was determined by analyzing in a single run six samples per level at five
QC levels. Also, between-batch accuracy was determined by analyzing in different three runs. The mean con-
centration was within + 15% of the nominal values for the QCs in the intra- day (within batch) and inter-day
(between batch or batch to batch). The results are given in Table 2.

The precision of the analytical method is determined by the close of the repeated analyte measurements to each
other. It is the random error of accuracy (coefficient of variation; % CV). Precision is assessed among to QCs
obtained within the batch and between batches. We have found that the CV value was lesser than 15% for the
QCs in intra-day (within batch) and inter-day (between batch or batch to batch) (Table 2). It was seen that the
method with good accuracy and precision has been developed since the results of the analysis meet the EMEA
criteria (Jones, Singer & Bannach, 2002; Chéze , Deveaux & Pépin,2006; EMEA, 2011; Gowda, 2014).

Table 2.
Intra-day and Inter-day statistics of precision and accuracy for QCs of COL
Correlation Mean % Accuracy Range (QCs) Precision (% CV) Range (QCs)
('j’;;a (Crg)efﬁciem 025 075 4 5 8 025 075 4 5 8
ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
Batch1 0.99597 95.85 100.09 104.71 104.18 104.51 5.88 6.82 1.28 3.57 2.65
Batch2  0.99792 94.85 102.64  96.74 93.68 96.17 5.16 4.17 1.12 3.65 381
Batch3  0.99956 99.49 108.14  95.82 93.35 94.05 4.49 3.98 2.56 2.16 2.54
Inter-day analysis results
Mean % Accuracy Range (QCs) Precision (% CV) Range (QCs)
Batch to batch 0.25 0.75 4 6 8 0.25 0.75 4 6 8

ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
96.78 103.62  99.09 97.07 98.25 5.26 5.95 455 5.99 5.46

Matrix Effect

Matrix effects should be determined when using mass spectrometric methods. The internal standard nor-
malized matrix factor (IS normalized MF) is used to determine the matrix effect. The CV of IS normalized MF
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calculated for the QCs should not be greater than 15%. The matrix factor was calculated according to the
calculation specified in the EMEA guideline (EMEA, 2011).Firstly, the matrix factor (MF) is calculated for
the analyte as seen in Equation 3.1 and IS as seen in Equation 3.2. Then, The IS normalized MF is calculated
by dividing the MF of the analyte by the MF of the IS (EMEA, 2011).

MF anayie=peak area of analyte in blank/ peak area of analyte in methanol (3.1)
MF s=peak area of IS in blank/ peak area of IS in methanol (3.2

In our study, this calculation was done at a low and at a high level of QC. The CV of the 1S-normalised MF
was calculated lesser than 15 %. It was seen that the method with a good matrix effect has been developed
since the results of the analysis meet the EMEA criteria (Jones, Singer & Bannach, 2002; Cheze, Deveaux &
Pépin,2006; EMEA, 2011; Gowda, 2014).

Stability

The QCs prepared stability study was analyzed against a calibration curve. Room temperature stability was
performed at low QC and high QC levels, and the CV values were within +15 %. The stability results in our
study were compared with the EMEA criteria. It has been shown that the samples prepared are stable at room
temperature for over 72 hours.

LLOQ

LLOQ of the method is the lowest concentration level with suitable precision and accuracy. LLOQ for COL
in human plasma was set at 0.25 ng/mL. The chromatograms are given in Figure 1.

When we look at the studies conducted in the last 30 years, there are studies on the plasma level of COL. In
the Tracqui et al. (1996) study, the LLOQ of COL in plasma was 0.6 ng/ml (Tracqui et al., 1996). In the
Bourgogne et al. (2013) study, the run time of COL analysis was 9.5 minutes and the LLOQ level was 0.3
ng/ml (Bourgone et al., 2013). In the Fabresse et al. (2017) study, the LLOQ of COL level was determined as
0.5 ng/ml (Fabresse et al., 2017). In our study, the LLOQ of COL level was 0.25 ng/ml, and run time was 8
minutes. Considering the short run time of COL analysis and LLOQ of COL level of the validated method, a
fast and sensitive analysis method has been developed compared to other studies. Even though COL has a
narrow therapeutic window, analytical research on this drug is limited. The research mostly includes toxic case
reports. In the Goldbart et al. study, a case report of poisoning with the use of 2 mg of COL was included. It
has been shown that the cause of intoxication was the interaction of the drug with nutrients, as a result of which
the level of COL was higher than expected (Goldbart, Press, Sofer &Kapelushnik, 2000). In our previous
studies, COL plasma levels were found to be approximately 1.097+0.42ng/ml in 40 FMF patients using an
oral dose of 1.5-2 mg/day (Canbolat et al., 2015a; Canbolat et al., 2015b). Since the therapeutic plasma con-
centration of COL is relatively low (0.5-3 ng/ml), many analytical studies (non-specific radioimmunoassay,
chromatography methods) for the determination of COL to date have lagged behind expectations for measu-
rements at the therapeutic level. Physicians need to determine the levels of COL in the patient's plasma to
ensure an appropriate and safe therapeutic dose. The fact that the plasma level of COL can be analyzed with a
rapid and sensitive method becomes important to achieving the therapeutic effect of COL. Considering the
superiority of the validated method over other COL analysis methods in the literature, it is thought that the
validated method can be easily used in TDM analysis.

4, Conclusion

Current studies show the importance of plasma drug monitoring both to evaluate the clinical response and
to prevent drug toxicity. We, therefore, decided to develop a highly specific and sensitive LC-MS/MS method
for the determination and quantitation of COL in plasma. A validated, rapid, simple, cost-effective, and accu-
rate LC-MS/MS method was developed and optimized for the quantitation of COL in plasma. It is also a
practical and easy method for pharmacokinetic studies involving the evaluation of TDM of COL.
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