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The present work describes development and validation of a new, simple and
accurate method of colchicine determination in human plasma by liquid
chromatography with photodiode array detection. Isocratic reserved-phase
separation was carried out on a C18 column (Nucleosil, Macherey-Nagel,
250%4.6 mm, 3um) employing acetonitrile-water (40:60 v/v) with flow rate 1 ml/min
as a mobile phase. Detection was performed at 300 nm. Colchicine and proposed
new internal standard alprazolam were extracted from the matrix using pH=8.0
phosphate buffer and dichloromethane. Retention times were 5 min and 13 min for
colchicine and alprazolam, respectively. Calibration curves were linear in
concentration range 0.1-10 uxg/ml. The lower limit of quantification for colchicine
was found to be 0.1 ug/ml. Recovery was estimated to be reasonable with the result
equal to 91.88%. Method revealed satisfactory results concerning selectivity, as
absence of interference was observed with endogenous components of plasma.
Precision (as relative standard deviation, RSD %) and accuracy (as relative error, RE
%) were in range of 1.23-4.99% and 1.7-4.92%, respectively. Colchicine was found
to be stable after three freeze-thaw cycles in the dark, as the final concentrations of
colchicine in the stability samples were 94.7-98.9% of the initial value.

Developed method was successfully applied in colchicine assay in plasma of
healthy volunteers, as well as in target cells such as mononuclear and
polymorphonuclear leucocytes of the blood.

Familial Mediterranean fever is a genetically inherited disorder which is
common among populations living around Southern and Eastern costs of
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Mediterranean Sea: Armenians, Jews, Turks and Arabs. Amyloidosis is the main
complication of disease. Eventually, it leads to chronic renal failure and renal
transplant.

Since 1972, the drug of choice for prophylaxis of amyloidosis and FMF attacks
is colchicine [1]. Despite the fact that colchicine is the only drug for treatment FMF,
15% of the patients do not respond to the colchicine therapy [2], and there is no
other effective drug for FMF treatment yet. Taking into consideration actuality and
seriousness of problem for population of Armenia, it is necessary to explore this
phenomenon and find out the reason of colchicine resistance.

The aim of this study is to develop and validate a novel, simple and accurate
method of identification and assay colchicine in human plasma and blood cells.
There are several methods of colchicine quantification in human fluids, including
Liquid chromatography with tandem mass spectrometry (LC-MS/MS) [3], Liquid
chromatography with ion spray ionization tandem mass spectrometry [4, 5], Liquid
chromatography coupled with Diode array detector (DAD) [6] or UV [7] detector ,
Gas chromatography with mass spectrometric detection [8]. Each of mentioned
methods has its drawbacks. Low reproducibility is the main drawback of GC
method. MS methods are expensive and require highly qualified experts to work
with the instrument. Therefore, it’s advisable to use HPLC-UV or HPLC-DAD
method to quantify colchicine in human plasma.

Chemicals and Reagents

Colchicine (95% HPLC, Fig.1) was supplied by Sigma Aldrich, USA,
Alprazolam (100%, European pharmacopoeia reference standard, Fig.2) used as
internal standard was supplied by European Directorate for the Quality of
Medicines. Organic  solvents acetonitrile  (AppliChem, Germany) and
dichloromethane (Carl Roth, Germany) were HPLC grade. All solutions were
prepared using highly purified water (Milli-Q water purification system, Millipore,
France). Di-ammonium hydrogen phosphate (Carl Roth, Germany) was analytical
grade. Donated blood and plasma stabilized with sodium citrate were kindly
provided by medical centre “Arabkir”’, Armenia.
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Fig. 1. Chemical structure of colchicine. Fig. 2. Chemical structure of alprazolam.
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Instruments and chromatographic conditions

An HPLC PLATIN Blue system (Knauer, Germany) with PDA detector set at
300 nm was used for quantitative determination of colchicine and alprazolam in all
samples. The analytical column employed was Nucleosil C18, 250x4.6, 3 um
(Macherey-Nagel, Germany), which was thermostated at 30°C. Elution was
performed isocratically, with the flow rate 1 ml/min. The mobile phase consisted of
acetonitrile and water (40:60 v/v) was filtered through Porafil MV 0.45 um
membrane (Macherey-Nagel, Germany).

Preparation of standard solutions

Stock standard solutions of colchicine (1000 wg/ml) and internal standard
alprazolam (100 ug/ml) were prepared by dissolving corresponding amounts of both
compounds in mobile phase and stored at 4°C. Taking into consideration light
sensibility of colchicine all working standard solutions were prepared before use in
amber glass volumetric flasks at concentrations 1-100 ug/mi. Working standard
solution of the internal standard was prepared by dilution of stock standard solution
of alprazolam to 10 ug/ml using mobile phase as a solvent.

Preparation of sample solutions

In order to prepare sample solutions for every validation criteria appropriate
amounts of colchicine standard solutions and constant 100 w/ of standard solution of
alprazolam (10 ug/ml) were added to 1 ml of plasma. After addition of 1.5 ml of
phosphate buffer pH=8.0 obtained liquids were mixed 1 min. by vortex mixer. So as
to extract colchicine and internal standard from the matrix 45 ml of
dichloromethane was added, then mixtures were shaken vigorously in horizontal
direction during 10 min.. After centrifugation for 10 min. at 3500 rpm, the clear
organic layer was removed to 10 ml tubes and evaporated to dryness under the
vacuum. Dry residue was reconstituted using 200 x/ of mobile phase, mixed by
vortex mixer for 5 min., centrifuged at 3500 rpm for 5 min. and filtered by syringe
nylon membrane filter 0.22 um (Macherey-Nagel). 20 u! of this filtrate was injected
into the column.

Method validation

Proposed method of colchicine assay in human plasma was validated by
estimation of fundamental criteria of bioanalytical method validation such as
selectivity, accuracy, precision, recovery, calibration curve and stability of analyte in
spiked samples [9, 10]. Representative chromatograms of standard solutions of
colchicine and alprazolam are shown in Fig 3. (A, B). Representative chromatogram
of spiked sample solution is shown in Fig. 4.
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Fig 3A. Chromatogram of colchicine standard solution.
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Fig. 3B. Chromatogram of alprazolam standard solution.
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Fig. 4. Chromatogram of spiked sample solution.

Selectivity of the method was explored by comparison of the chromatograms
obtained from plasma blank samples and plasma samples spiked with the colchicine.
For reaching this goal 6 samples with the concentration of colchicine equal to
0.1 ug/ml in 6 different plasmas and their blank samples were prepared.

Recovery or limit of extraction of colchicine from the plasma was assessed at
low (0.2 ug/ml), medium (1 ug/ml) and high (10 ug/ml) concentration of the analyte.
In order to calculate extraction limit of colchicines ratio of pure standard solution of
it were prepared with the same concentrations. Areas of sample and standard
solutions were compared.

Samples for calibration curve were constructed using 6 concentration levels in
the range 0.1-10 ug/m! by plotting colchicine peak areas versus its concentrations.
The lowest concentration level of calibration curve is lower limit of quantification
(LLOQ) which is defined as the lowest concentration of analyte that can be
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determined with acceptable precision of RSD= +20% and accuracy RE= +20%. 6
samples with concentration 0.1 ug/mi were prepared to establish LLOQ value.

Accuracy and precision of were assessed at low 0.2 ug/ml, medium 1 ug/ml and
high 10 ug/ml concentration levels. For that purpose 5 series of each concentration
were prepared.

Stability of analyte in biological matrix at intended storage temperatures is
established by carrying out freeze-thaw cycles at low 0.2 pg/ml and high 10 ug/m!
concentration levels. 5 series of plasma samples spiked with colchicine were frozen
at -20°C, then leave to thaw at room temperature. This cycle was repeated 2 more
times. After the last cycle samples were assayed.

Method application

Developed method was applied in colchicine assay in plasma of healthy
volunteers, as well as in colchicine’s target cells mononuclear and
polymorphonuclear leucocytes of the blood. So as to carry out this experiment blood
samples of male and female healthy volunteers were spiked with the colchicine to
obtain concentration equal to 10 ug/mi. Then samples were kept in thermostat for
15, 30, 45 minutes, then centrifuged to separate plasma and fractions of leucocytes.
Obtained samples were treated as described in sample solution preparation and
assayed afterwards.

Results and discussion

Selectivity

Selectivity is the ability of a bioanalytical method to differentiate and quantify
the analyte in the presence of other components in the sample.In this study potential
interfering substances are endogenous plasma components. On the chromatograms
of the selectivity samples no any interference was found with other substances
peaks. Colchicine and internal standard were properly resolved. This indicates high
selectivity of the method and its correspondence to acceptance criteria of
bioanalytical method selectivity parameter. Chromatograms of plasma blank sample
and plasma spiked sample are shown in Fig. 5 (A, B).
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Fig. 5A. Chromatogram of plasma blank sample.
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Fig. 5B. Chromatogram of spiked plasma sample.

Recovery

Recovery of an analyte is its limit of extraction from the matrix. Recovery at
low, medium and high concentrations was examined using five series of spiked
samples with corresponding concentrations. Mean recoveries at three concentrations
were 89.09 % (0.2ug/ml), 92.32 % (1 ug/ml) and 94.24 % (10 ug/ml) samples.
Average result of recovery at these three concentrations is 91.88%. So, extraction of
colchicine from the matrix was estimate to be satisfactory.

Linearity and lower limit of quantification

Calibration curve is the relationship between instrument response and known
concentration of the analyte. It should be linear in the range of working
concentrations. Calibration curve was linear over the range 0.1-10 ug/ml with a
regression coefficient of 0.9998. Calibration curve is shown in Fig. 6.

Peak: Colchicine — ESTD — 1: 300 nm, 4 nm
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Fig.6. Calibration curve for Colchicine quantitation.

The lowest concentration level of the calibration curve is 0.1 ug/ml. It was
established as the lower limit of quantification. Colchicine peak at this concentration
was identifiable, discrete and reproducible.Concentrations of colchicine in 6 LLOQ
plasma samples were determined with acceptable accuracy (RE=-5.67%) and
precision (RSD=4.0 %). Results are shown in Table 1.
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Lower limit of quantification

Table 1

Sample Peak area Determined concentration, RE, +
Blank of LLOQ ug/ml 20%
plasma 0.1 ug/ml
LLOQ 1 0 3451 0.095 -5
LLOQ 2 0 3601 0.099 -1
LLOQ 3 0 3561 0.098 -2
LLOQ 4 0 3340 0.092 -8
LLOQ5 0 3232 0.089 -11
LLOQ 6 0 3391 0.093 -7
Mean 0 3429.333 0.094333 -5.67
SD 138.3223 0.003777 -
RSD,
£20% 4.033505 4.004019 -

each other for the same concentration level.

Accuracy and precision
Criterion of accuracy is defined as closeness of obtained concentration of the
analyte using proposed method to the true value. Calibration curve was used to
appraise concentration of colchicine in quality control samples of accuracy. Results
of accuracy were evaluated by calculating RE for each concentration level.

Precision of the method describes degree of closeness of obtained results to

between obtained concentrations.
Proposed method revealed satisfactory results concerning criteria accuracy and
precision. 5 series of samples at low (0.2 ug/ml), medium (1 ug/ml) and high (10
ug/ml) concentration level were assayed for assessing this criteria. Result of
accuracy and precision are shown in the Table 2. Method precision (as RSD %) and
accuracy (as RE %) were in range 1.23-4.99% and 1.7-4.92%, respectively.

It is assessed by determining RSD

Table 2

Accuracy and Precision
QC sample Recovery, pg/ml

0.2 ug/ml 1 ug/ml 10 pg/ml
1 0.204 1.069 11.026
2 0.204 1.003 9.996
3 0.207 1.070 10.484
4 0.201 1.087 11.008
5 0.201 1.003 9.947
N 5 5 5
Mean 0.2034 1.0464 10.4922
SD 0.00251 0.040259 0.523096
RSD, £ 15% 1.234012 3.847397 4.985568
RE, + 15% 1.7 4.64 492
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Stability

Stability research is performed to prove that storage conditions of the samples
do not change concentration of the analyte in biological matrix. The aim of this
study was to develop a method to quantify concentration of colchicine in human
plasma. Usually, plasma samples are stored in deeply frozen condition. Therefore,
it's rational to test stability by performing freeze/thaw cycles of spiked plasma
samples. In order to reach this goal 5 series of spiked plasma samples with
colchicine at low and high concentration levels were undergone 3 cycles of
freeze/thaw as described above. The results of the stability study are presented in
Table 3. Colchicine was found to be stable after three freeze-thaw cycles in the dark,
as the final concentrations of colchicine in the stability samples were 94.7-98.9% of
the initial value.

Table 3
Data of stability study
Area of the peak
QC L 0.2 ug/ml QC H 10 ug/ml
Sample C Reference C
sa(r?nple sample sa?nple Refez(e?n((::fer:%mple
(QC) (QC-ref) (QC)
1 6349 6775 339565 351821
2 6401 6717 345187 350133
Stability 3 6373 6693 347213 349905
4 6383 6771 346554 351139
5 6359 6695 354201 348995
N 5 5 5 5
Mean 6373 6730 346544 350399
SD 20.347 40.214 5235.103 1101.8
RSD, % 0.319 0.598 1.51 0.314
QC/QCe 100% 94.7 98.9

Application of the method

Validated method was consecutively applied to assay colchicine in the plasma
and leucocytes of healthy volunteers. Obtained plasma concentrations of colchicine
were in the range 4,7-13,582 ug/ml. Content of colchicine in mononuclear and
polymorphonuclear leucocytes of the blood was in the ranges 1,52-120,4 ng/10° cells
and 0,63-32,29 ng/10° cells, respectively. Obviously, concentration of colchicine in
mononuclear leucocytes is higher than in polymorphonuclear leucocytes. Obtained
results of this in vitro experiment coincide with literature data [9]. Literature data
are obtained from experiments using blood of patients with FMF, who are taking
tablets of colchicine. Plasma concentration of colchicine in that case is in nanogram
level. Table 4 represents comparison of the data of in vitro and in vivo experiments
[2], [9]. Motioned data show that concentration of colchicine in all studied fractions
of the blood is higher 1000 times in in vitro experiment, but tendency of distribution
of colchicine is the same. This result prove that in vitro experiment accurately
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represents in vivo processes and it can be used to model distribution of colchicine in
the blood in easily handled in vitro experiments.

Table 4
Data of in vivo and in vitro experiments results
Obtained and literature data Plasma Polymorphonuclears | Mononuclears
Obtained date of application 4,7-1358 0,63-32,29 1.52-120,4
OT the meth_od pg/ml ng/10%cells ng/10° cells
In vitro experiment
Chappey O. and co-authors 0,13-1,75 9 11,4-57,6
In vivo experiment [2] ng/ml 4-64 ng/10" cells ng/10° cells
Lidar M. and co-authors 0,33-1,71 25,9-253,1 ng/10° 65-403
In vivo experiment [11] ng/ml cells ng/10° cells
Conclusion

A novel and simple method of quantitative determination of colchicine in
human plasma was developed, which used alprazolam as internal standard for the
first time. The method was validated according to all requirements of method
validation international guidelines. Validation revealed high degree of selectivity,
linearity, accuracy, precision and stability and was successfully applied to in vitro
assay of colchicine in plasma of healthy volunteers, as well as in target cells such as
mononuclear and polymorphonuclear leucocytes of the blood. Data obtained from
this method application proved that it can be used to model distribution of colchicine
in the blood in easily handled in vitro experiments. Due to the usage of easily
handled HPLC instrument and simple extraction procedure the method is rather
practical and can be used in pharmacokinetic studies of colchicine, or in
determination of colchicine in other biological specimens such urine, saliva and milk
after making appropriate adjustments.
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HOBBII, TPOCTOM U TOYHBIN BIKX-Y® METO/]
KOJMYECTBEHHOI'O OIPEJIEJIEHUS KOJIXULIUHA B IIJIABME
YEJIOBEKA

JI. P. KOYUKSAH

Hay4HBIN IIEHTDp 3KCIEePTU3BI AeKAPCTB U MEAUIIMHCKUX TEXHOAOTHU
um. O.C.I'abpuensgHa
Apwmenus, Epesan, 0051, yin. Komuraca 49/4
E-mail: lilitghochikyan@gmail.com

Hacrosimmasgs paboTa ONUCHIBAET pPa3pabOTKy M BAAUMAAIIMIO HOBOTO,
IIPOCTOTO ¥ TOYHOT'O MEeTOAA OIPEAEACHUS KOAXUIIMHA B UYEAOBEUECKOU IINAa3-
Me C IIOMOIIBI0 BHICOKOA(HEKTUBHOM KUAKOCTHOM XpoMaToTrpauu C AUOA-
HO-MaTPUUYHBIM AeTeKTUpPOBaHueM. V30KpaTudHOoe obpallleHHO-(ha30Boe pas-
AeAeHUe TPOBOAUAOCE Ha KoaoHKe C18 (Nucleosil, Macherey-Nagel, 250x4,6
MM, 3 MKM) C HCIOAB30BaHMEM CMeCU alleTOHUTpUA-Bopa (40:60 06/06) co
CKOPOCTBIO IIOTOKa 1 ma/mun B KadeCTBe INOABIMDKHOM (hasbl. OOHapyskeHHe
npoBopuAaock nIpu 300 wm. KOAXUIIMH U IIpepraraeMblli HOBBIM BHYTPEHHUM
CTAaHAAPT aAbIIpa30AaM OBIAM HM3BA€UEHBI U3 MaTPHUIBl, UCHOAB3Yyd pH 8,0
docdaTHbI Oydep U AUXAOPMeTaH. BpeMs yaepkuBaHud — 5 U 13 mun. ppg
KOAXUIIMHA U aAblIpa3doAaMa, COOTBETCTBEHHO. KaaAnOpOBOUHOE KpUBOE OBIAO
AWHEWHBIM B wHTepBare KoHIeHTpauu# 0,1-10 wmke/mn. Konmenrtparus 1
mre/ma OBIAG YCTAHOBAEHA KaK HIDKHHUU IIPeAeA KOAMYECTBEHHOI'O OIIpeAeAe-
HUS KOAXUIIMHA. Bo3BpaT OBIA OlleHEeH pPa3yMHBIM C Pe3yAbBTaTOM, PaBHBIM
91.88%. MeTop mIOKa3zan yAOBAETBOPUTEABHBIE PE3YABTATHl B OTHOIIIEHUU Cce-
AEKTUBHOCTH, T. K. He HaOAIOAAAOCH UHTEpP(MEPEeHIINU C 3HAOTEHHBIMU KOM-
TIOHEHTaMU IIAa3Mbl. TOYHOCTH (KaK OTHOCHUTEABHOE CTaHAAPTHOE OTKAOHe-
Hue, RSD %) u mpaBHUABHOCTBH (KakK OTHOCUTEeABbHasd ounbka, % RE) Obiau B
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puamnazone 1.23-4.99 u 1.7-4.92%, cOOTBETCTBEHHO. BLIAO YCTAHOBAEHO, YTO
KOAXUIIVH B IIA@3Me OCTAACsI CTaOUABHBEIM IIOCA€ TPeX ITUKAOB 3aMOpa’kKUBa-
HUA-OTTaMBAHUWS B TEeMHOTE, T. K. KOHE€YHBbI€ KOHIEHTpPAIIMM KOAXWIIMHA B
obpasIiax CTabMABHOCTH OBIAU paBHbI 94.7-98.9 % OT MCXOAHOTO 3HAUEHUS.

Pa3paboTranHas MeTOAMKA ObIAA YCIIEIIHO NPUMEHEHa B aHAAU3€e KOAXU-
IIMHA B TIAa3Me 3A0POBBIX AOOPOBOABIEB, @ TaKKe B KAETKaX-MHIIEHIX, Ta-
KX, KaK OAHOSIAE€PHBIE U IIOAUMOP(MHOSIAEPHBIE AeHKOIMTHEL KPOBU.
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