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Sammanfattning 
Abstract 

The objective of this master thesis was to develop an analytical method for the quantification of the cancer drug 

Imatinib and its main metabolite CGP74588 in plasma. Imatinib is used in the treatment of chronic myeloid leukemia 

and gastrointestinal stroma tumors. A quantitative analytical method was developed where reversed-phase columns 

with different stationary phases were studied and the sensitivity was tested with both UV detectors and a mass 

spectrometric detection. Since the substances were measured in plasma a solid-phase extraction was developed to 

purify the samples before analysis. The column chosen for the separation was the Max-RP C12 column (100 x 3 mm, 4 

µm particle size) manufactured by Phenomenex with a gradient mobile phase with 1% formic acid in methanol and 

water. The gradient was as follows; 0 min 15:85, 7 min 60:40, 9 min 60:40 with a total runtime of 13.5 min. The 

internal standard chosen was Opipramol. Mass spectrometric detection using a sonic spray ionization interface in 

positive mode proved to be about as sensitive as UV detection at 261 nm. The generated (M+H
+
)

+
 ions were isolated 

and fragmented with the use of three mass spectrometric methods; one for Imatinib (transition 494 —› 394), one for 

CGP74588 (transition 480 —› 394) and one for Opipramol (transition 364 —› 171). For the purification of the plasma 

samples an Oasis HLB solid-phase extraction cartridge was selected and the recoveries were close to 100%.  

The developed method was partially validated and showed coefficients of variation (CV) for intra-and inter-day 

precision between 0.4 and 5.4% with UV detection. The validation results for the mass spectrometer were 

inconclusive. 
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The objective of this master thesis was to develop an analytical method for the quantification 

of the cancer drug Imatinib and its main metabolite CGP74588 in plasma. Imatinib is used in 

the treatment of chronic myeloid leukemia and gastrointestinal stroma tumors.  

A quantitative analytical method was developed where reversed-phase columns with different 

stationary phases were studied and the sensitivity was tested with both UV detectors and a 

mass spectrometric detection. Since the substances were measured in plasma a solid-phase 

extraction was developed to purify the samples before analysis.  

The column chosen for the separation was the Max-RP C12 column (100 x 3 mm, 4 µm 

particle size) manufactured by Phenomenex with a gradient mobile phase with 1% formic acid 

in methanol and water. The gradient was as follows; 0 min 15:85, 7 min 60:40, 9 min 60:40 

with a total runtime of 13.5 min. The internal standard chosen was Opipramol. Mass 

spectrometric detection using a sonic spray ionization interface in positive mode proved to be 

about as sensitive as UV detection at 261 nm. The generated (M+H
+
)
+
 ions were isolated and 

fragmented with the use of three mass spectrometric methods; one for Imatinib (transition 494 

—› 394), one for CGP74588 (transition 480 —› 394) and one for Opipramol (transition 364 

—› 171). 

For the purification of the plasma samples an Oasis HLB solid-phase extraction cartridge was 

selected and the recoveries were close to 100%.  

The developed method was partially validated and showed coefficients of variation (CV) for 

intra-and inter-day precision between 0.4 and 5.4% with UV detection. The validation results 

for the mass spectrometer were inconclusive. 



 

 

 



Sammanfattning 

Målet med detta examensarbete var att ta fram en analysmetod för kvantifiering av 

cancerläkemedlet Imatinib och dess huvudmetabolit CGP74588 i plasma. Imatinib används 

vid behandling av kronisk myeloid leukemi och gastrointestinala stromatumörer.  

En kvantitativ analytisk metod konstruerades där reversed-phase-kolonner med olika 

stationärfas undersöktes och känsligheten testades med både UV-detektorer och en 

masspektrometrisk detektion. Eftersom substanserna mättes i plasma togs en 

fastfasextraktionsmetod fram för att rena upp proverna före analys.  

Den kolonn som valdes ut för separationen var Max-RP C12 kolonnen (100 x 3 mm, 4 µm 

partikelstorlek) tillverkad av Phenomenex med en mobilfasgradient bestående av 1% myrsyra 

i metanol och vatten. Gradienten var som följer: 0 min 15:85, 7 min 60:40, 9 min 60:40 med 

en total analystid på 13,5 minuter. Den interna standarden som valdes var Opipramol. 

Masspektrometrisk detektion med SSI interface i positivt mode visade sig vara ungefär lika 

känsligt som UV-detektion vid 261 nm. De skapade (M+H
+
)
+
 jonerna isolerades och 

fragmenterades genom att använda tre masspektrometriska metoder: en för Imatinib 

(transition 494 —› 394), en för CGP74588 (transition 480 —› 394) och en för Opipramol 

(transition 364 —› 171). 

För reningen av plasmaprover valdes en Oasis HLB fastfaskolonn ut där utbytet på 

extraktionerna låg på upp mot 100%.  

Den framtagna metoden validerades delvis och visade variationskoefficienter (CV) för inom- 

och mellandagsprecision mellan 0,4 och 5,4% med UV-detektion. Valideringsresultaten för 

masspektrometern var ofullständiga. 
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1. Introduction 

Imatinib is one of the newest anticancer drugs on the market and was one of the first drugs to 

be pushed through Food and Drug Administration's (FDA) fast track designation for approval. 

The drug is designed to inhibit tyrosine kinases such as Bcr-Abl and is used in the treatment 

of chronic myeloid leukemia (CML) and gastrointestinal stroma tumors (GIST). The focus in 

this thesis was on CML. 

 

1.1 Chronic myeloid leukemia 

CML is a form of blood cancer that is characterized by increased and unregulated 

proliferation and differentiation of myeloid cells in the bone marrow (Brauer 2007, Quintás-

Cardama 2007). 

In 95% of all cases of the disease, the pathogenesis arises from a reciprocal translocation 

between the c-Abl (Abelson leukemia virus) gene on chromosome 9 and the bcr (breakpoint 

cluster region) gene on chromosome 22 (Daub 2004, Peng 2004). The result of the 

translocation is called the Philadelphia chromosome, which produces a chimeric oncogene 

called Bcr-Abl. This gene translates into a cytoplasmic protein, Bcr-Abl, which shows 

abnormally high levels of tyrosine kinase activity. The expression of this protein activates 

signal transduction pathways and can result in enhanced proliferation, morphological 

transformation or suppression of the dependence for growth factors (Brauer 2007, Nagar 

2007). Bcr-Abl gives rise to a reduced adhesion of the leukemic cells to the bone marrow 

stroma and the extracellular matrix. This results in that CML cells can evade the negative 

regulation of cell proliferation by stromal cells (Yoshida 2004). 

CML is a chronic disease that evolves through three distinct phases. The first one is the 

chronic phase (CP) that is characterized by a raised white blood cell count that lies above the 

normal range, caused by an increase in the development of granulocytes and a simultaneous 

enlargement of the liver and spleen caused by leukemic infiltration. The chronic phase last in 

about 4-6 years and if left untreated the disease progresses to the second accelerated phase 

(AP), that last for up to a year, or directly to the third phase blast crisis (BC). The AP is 

characterized by a further increase of immature white blood cells in the bone marrow and the 

blood.  
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The last phase, the fatal blast crisis, resembles acute leukemia but is incurable by 

chemotherapy. It is characterized by a degenerative condition and < 30% (or 20% depending 

on definition) blasts in the bone marrow (Capdeville 2002, Heaney 2007, Radich 2007). 

 

1.2 Protein kinase 

Protein kinases are enzymes that in their active state catalyzes the phosphorylation of 

proteins. This is done by the use of a highly conserved catalytic domain to transfer the 

terminal phosphate of ATP onto serine, threonine or tyrosine residues in proteins (Bakhtiar 

2002, Nagar 2007). Protein phosphorylation is widely used by the human cell for intra- and 

intercellular signaling (Nagar 2007). Kinases are involved in almost all the signaling networks 

of the cell and they play key roles in basic cellular functions such as apoptosis, cell growth 

and division, differentiation, gene expression and metabolism (London 2004, Nagar 2007). 

There is a strong regulation of the transition between the active and the inactive state of 

kinases. If this regulation does not work correctly it can lead to cell transformation and an 

imbalance between cell proliferation, cell growth and apoptosis. Mutations that lead to 

disruption of this normal regulation are a hallmark of many kinds of cancers. To be able to 

express optimal catalytic activity all of the regulatory elements of the kinase must have the 

accurate conformations. Most kinases have very similar catalytic domains, but their inactive 

states have more varied conformations. This difference is an important concept for the design 

of kinase inhibitors. Their diversity in the inactive state allows the design of ATP-competitive 

inhibitors that only targets a subset of kinases or even better, a single kinase (Nagar 2007). 

 

1.3 Imatinib 

Imatinib mesylate (Gleevec®, Glivec®) is an anticancer drug that is given to patients with 

CML and GIST. It is a competitive protein tyrosine kinase inhibitor that selectively inhibits 

the Bcr-Abl tyrosine kinase by binding to the amino acids in its ATP-binding site by an 

induced-fit mechanism. This leads to a stabilization of the inactive, non-ATP-binding form of 

the kinase and this inhibits the tyrosine autophosphorylation (Daub 2004, Tauchi 2003). 

Imatinib is a base with pKa values ranging from 1.52-8.07. Because of this it is partially 

charged at pH values 6 and under, while it is in neutral form at pH values over 8 (Peng 2005).
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Imatinib is mainly metabolized by the hepatic CYP3A4 to several metabolites, where the 

main metabolite is N-desmethyl Imatinib (CGP74588) which has similar biological activity 

(Larson 2008, le Coutre 2003). Their structures are displayed in figure 1.1.  

 

Figure 1.1 Structures of Imatinib mesylate and N-desmethyl Imatinib mesylate. 

More than 20 metabolites of Imatinib have been identified or elucidated in humans at present 

time (Rochat 2007). The major route of which Imatinib is eliminated in the body is by the bile 

and only a small portion is excreted in the urine. Only 25% of Imatinib is eliminated in 

unchanged form, whereas the rest is eliminated as metabolites (Solassol 2006). 

 

1.3.1 Imatinib concentration in human plasma samples 

Measuring the concentration of Imatinib and metabolites in the plasma of patients is 

important because it may affect the therapeutic outcome. The activity of CYP3A4 has a large 

inter individual variability, up to 20 times difference in activity (Rodriguez-Antona, 2005), 

which might affect the plasma concentrations and therefore have an impact on the cytogenetic 

response. If a standard dose is given to all CML patients, some might be undertreated and 

some overtreated due to this high interindividual variability (Hirth 2000). 

The standard dose given to patients with CML in the chronic phase today is 400 mg once 

daily. Patients that has reached the accelerated phase or blast crisis are given a dose of 600 mg 

(FASS 2009). The terminal half-life of Imatinib is about 20 hours, which means that the 

plasma concentration of Imatinib reaches steady state when given daily. Terminal half-life 

refers to the time it takes for the plasma concentration of a drug to be reduced by half at the 

end of a pharmacokinetics curve when the elimination is the rate limiting step of the decline 

in plasma concentration (Patrick 2005). An article by Larsson et. al. (2008) shows that the 

mean Cmin for Imatinib and its main metabolite CGP74588 at steady state after the standard 

dose of 400 mg daily were 0.979 µg/mL (± 0.53 µg/mL) and 0.242 µg/mL (± 0.106 µg/mL), 

respectively. Peng et. al. (2005) showed in their study that the mean Cmax for Imatinib at the 

same circumstances were 2.596 (± 0.787) µg/mL. In patients the main metabolite represents 

about 20% of the parent drug plasma levels (Larson 2008). 
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1.4 Current available methods 

At present day there are either LC-UV or LC-MS methods available for the detection and 

quantification of Imatinib and its main metabolite in human plasma (e.g. Bakhtiar 2002, 

Rochat 2007 and Widmer 2004). 

 

1.5 Aim of thesis 

In a pilot study, done by Gréen et. al. (2006), it was found that the patients CYP3A4 activity 

in vivo correlates to their response after 12 months of treatment with Imatinib (400 mg daily). 

The aim for this thesis were to design a sensitive chromatographic method for the 

quantification of Imatinib and its main metabolite, CGP74588, with room for detection of 

more metabolites. This method would then be used to evaluate if the plasma concentrations of 

Imatinib and the metabolites correlate to the CYP3A4 activity of the patient and the response 

of the tumor, which might be a possible way to individualize the dosage of Imatinib.  
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2. Analytical methods 

2.1 High performance liquid chromatography 

High performance liquid chromatography (HPLC) is a technique where substances in a 

mixture are separated by passing the mixture through a packed column with a solid stationary 

phase.  The substances separate from each other because they interact differently with the 

solvent that is passed through the column, as well as the mobile phase and the surface of the 

stationary phase based on their chemical properties. The substances that have weak 

interactions with the stationary phase will travel faster through the column than the ones that 

have stronger interactions (Lindsay 2003).  

Depending on the structure of the stationary phase and the composition of the mobile phase 

different separation mechanisms can be achieved. Ion exchange, absorption and size exclusion 

are a few different examples of separation mechanisms (Gréen 2007). 

A HPLC system consists of a mobile phase container, a pump, an injector, a separation 

column, a detector and an integration system as seen in figure 2.1. The different parts are 

described briefly below. 

 

 

Figure 2.1 Schematic picture of a HPLC system. Re-published with permission of H. Gréen (2007). 
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2.1.1 Mobile phase 

The solvent competes with the analytes for binding sites on the stationary phase. The greater 

the elution strength of the solvent, the more easily it displaces the analyte. In reversed-phase 

chromatography the stationary phase used is non-polar or weakly polar while the mobile 

phase is more polar. The less polar a solvent is, the higher its elution strength becomes. The 

mobile phase can consist of buffers, organic solvents or water that can be used separately or 

in a mixture (Gréen 2007, Harris 2003). 

There are two different ways for elution. Either isocratic elution by using the same 

composition of mobile phase during the whole run, or a gradient elution where multiple 

solvents are used and where their ratios are modified continually during the analysis. Gradient 

elution is used to increase the elution strength so that more strongly retained analytes elute in 

a reasonable amount of time (Harris 2003).  

If the sample is dissolved in a solvent that has much greater elution strength than the mobile 

phase, double peaks or altered retention times might occur. To solve this problem the sample 

should be dissolved in a solvent that has lower elution strength, or in the mobile phase itself 

(Harris 2003). 

 

2.1.2 Pump 

A pump is used to deliver the mobile phase through the column at high pressure with a 

controlled flow rate. It is important that the flow is non-pulsing or else it would affect the 

chromatogram resulting in fluctuations of the baseline. It is necessary to remove dissolved air 

or air bubbles from the mobile phase before it reaches the pump, or else it could cause 

variations in the pressure by irregular pumping actions or even stop the pump from working at 

all. The use of either a degasser in line with the pump that the mobile phase is passed through, 

or by sonicating the mobile phase before connecting the container to the system solves the 

problem (Lindsay 1992). 
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2.1.3 Injection system 

The injector consists of a valve with an injection loop. A sample is transferred from a syringe 

at atmospheric pressure into the loop. This can be done either manually or automatically, 

using an autosampler. When the valve is turned from load to inject position the loop becomes 

connected with the mobile phase delivery system and the sample is transferred into the 

column (Gréen 2007, Lindsay 1992). 

 

2.1.4 Column 

The most common dimensions of HPLC columns are 5-30 cm in length with an inner 

diameter of 1-5 mm. The packing material that is most frequently used in HPLC columns is 

particles of silica. These are small and porous with spherical or asymmetrical shape and they 

normally have a diameter of 3-10 µm. To protect the column from impurities that can be 

present in the sample or the solvent a filter or a short guard column, that contains the same 

stationary phase as the main column, is often used in front of the column (Harris 2003). 

The silanol (Si-OH) groups of the silica particles in the column can be chemically modified, 

where additional groups are attached that alters the properties of the silica surface. When 

working with analytical HPLC the stationary phase often consist of modified silica, i.e. a 

bonded phase, where the attached chemical groups provides different retention. The most 

commonly used is the non-polar C18 column (Lindsay 1992). In modern columns the silica 

has sometimes been replaced by polymers with wider pH stability. 

 

2.1.5 Detection 

An ideal detector should be specific for the analytes, sensitive enough to detect low 

concentrations of the analytes, providing a linear response and not broadening the eluted 

peaks (Harris 2003). 

The detection methods used during this thesis work were; UV detector, photodiode array 

detector and an ion-trap mass spectrometer and these detection principles are described briefly 

below. 
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Ultraviolet detector 

The UV detector is the most common HPLC detector, and the reason for this is that many 

substances absorb ultraviolet light (Harris 2003). It is selective in the way that it only detects 

substances that absorb UV radiation. The substances that do so are alkenes, aromatics and 

compounds that have multiple bonds between C and O, N and S (Lindsay 1992). 

The principle of the detector is that the mobile phase from the column is passed through a 

small flow cell which is held in an UV radiation beam, see figure 2.2. The amount of light 

that a sample absorbs is monitored and displayed as peaks in a chromatogram in relativity to 

the baseline, which is made up from the light absorption of the mobile phase (Gréen 2007). 

 

Figure 2.2 Schematic picture of an UV detector. Re-published with permission of H.Gréen (2007). 

 

Photodiode array detector 

A photodiode array detector can record an ultraviolet and/or visible spectrum of an analyte by 

letting polychromatic radiation pass through a sample cell. The light is then dispersed by a 

grating and then hits an array of photodiodes. Each one of these diodes measures a narrow 

band of wavelengths and therefore the whole spectrum is covered. An advantage with the 

photodiode array is that the spectrum of each individual peak in the chromatogram can be 

stored and later be compared with a standard spectrum of a compound to be used for 

identification of the analyte (Harris 2003, Lindsay 1992). 
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Mass spectrometry 

This detection technique is sensitive to low concentrations of analytes, provides both 

qualitative and quantitative information about compounds and can distinguish different 

analytes with the same retention time. The mass spectrometer system contains an interface 

and a mass analyzer. The interface is used to exclude great amounts of mobile phase before 

the analyte ions can enter the mass analyzer. This is achieved by evaporation and therefore 

requires the use of highly volatile mobile phases. The mass analyzer detects the gas phase 

ions of molecules or fragments of molecules and separates them after their mass per charge 

ratio, m/z. Mass spectrometry requires high vacuum to avoid molecular collisions during ion 

separation (Harris 2003). 

The information from an analysis run is given in a mass spectrum, where the detector 

response for a specific m/z or range of m/z is displayed. The ion with the highest mass in the 

spectra is often the ionized parent molecule that has not been fragmented, and the ions with 

the lower masses are charged fragments. The masses of these fragments can give clues to the 

structure of the parent molecule and the parent ion is sometimes deliberately fragmented 

when identification or structure elucidation is needed, this process is called MS/MS or MS
2
 

studies (Harris 2003).  

Depending on if the interface is set to positive or negative mode the ions observed in the mass 

spectra will have an addition of a proton (M+H
+
)
+
 or loss of a proton (M-H

+
)
-
, respectively. 

Adduct formation can also occur in the interface, where for example in positive mode a 

sodium, ammonium or potassium ion might bind to the analyte ions when present at high 

concentrations in the mobile phase. 

 

Electro Spray Ionization interface (ESI) 

The purpose of the interface is to transfer the analyte species, which has to be ionized in the 

condensed phase, into a gaseous phase as isolated ions. A schematic picture of the ESI 

interface is displayed in figure 2.3.  
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Figure 2.3 Schematic picture of the ESI interface. 

The solution from the analytical column is passed through a capillary, the so-called ESI 

probe.  A high voltage (2-5 kV) is applied to the probe which creates a voltage gap between 

the inlet of the spectrometer and the probe that nebulize the solvent into charged droplets. A 

nebulized droplet contains molecules with either positive or negative charge depending on the 

polarity of the applied voltage and is chosen after what kind of analytes there is in the sample. 

The charged droplets are reduced in size by solvent evaporation. This increases the charge 

density in the droplet which will continue to increase until fission of the droplet will occur 

that gives fully desolvated ions (Cech 2001, Gaskell 1997). 

Only a small amount of fragmentation of the analyte occurs in the ESI interface. When 

structure evaluation is needed the fragmentation can be increased by collision-induced 

dissociation (CID) where the analyte ions collide repeatedly with gas molecules. The energy 

that builds up in the molecule eventually leads up to its fragmentation. 

In order to facilitate the evaporation and nebulization of the solvent, a drying gas (nitrogen) 

and a heating device are incorporated in the ESI source (Gaskell 1997). 
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Sonic Spray Ionization interface (SSI) 

In the SSI interface it is the use of a very high flow of nitrogen gas (Mach 3-5), which is 

coaxial to the fused-silica capillary, and a very high flow of mobile phase that forms the 

charged droplets under atmospheric pressure. A schematic picture of the SSI interface is 

displayed in figure 2.4. Charge separation will occur on the surface layer of the droplets and 

the increased charge density, due to solvent evaporation, will eventually lead to free gas-

phased ions (Benijts 2003, Björkman 2002).  

 

 

Figure 2.4 Schematic picture of the SSI interface. 

Because low heating and low voltages, as compared to ESI, are needed to ionize the analytes, 

SSI is a soft ionization method well suited for analyzing analytes that are sensitive to thermal 

decomposition (Arinobu 2001, Gardner 2006). 

 

Mass analyzer- Ion trap 

The ion trap consists of three electrodes; a ring electrode and two end-cap electrodes. A 

schematic picture of the ion trap is displayed in figure 2.5. A radio frequency signal is applied 

to the ring electrode and the end-caps are held at proper potentials, which results in a circular 

oscillating magnetic field in which ions can be trapped. By changing the radiofrequencies and 

potentials the ions can be let out of the trap depending on their m/z (Gréen 2007, Harris 2003, 

Poole 2003). 
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Figure 2.5 Schematic picture of an ion trap mass spectrometer. Republished with permission of H.Gréen (2007). 

It is possible to fragment ions in the ion trap by passing a pulse of electrons into it. The 

fragment ions that are formed can be trapped and then selectively be ejected from the ion trap 

for detection (Gréen 2007, Poole 2003). 

 

 

2.1.6 Integration system 

The integration system converts the signals from the detector and displays them as 

chromatograms that can be evaluated and it often controls the different parts of the system. 

 

 

2.1.7 Chromatographic definitions 

The retention time of an analyte, Rt, represents the time it takes for the analyte to pass through 

the column after injection until it reaches the detector. The retention time can be altered with 

the change of mobile phase composition, flow rate and column temperature.  

Adjusted retention time, R’t, is a measurement of how long the analyte is retained by the 

stationary phase. It is the retention time of the analyte adjusted with the retention time of an 

analyte that is not retained by the stationary phase and is therefore only traveling with the 

mobile phase. 

How well two analytes are separated from each other is defined by their resolution, Rs. It is 

measured by the difference of their retention times divided by their average peak width. A 

resolution value of at least 1.5 is desirable and means that the two analytes are baseline 

separated. 
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Asymmetry is a measurement of the lack of symmetry of a peak. It is defined as the distance 

from the center of the peak to the back slope divided by the distance from the center of the 

peak to the front slope, and it is measured at 5% of the maximum peak height. 

The number of theoretical plates, N, measures the efficiency of a column. The higher the plate 

number is for a column, the narrower the peaks are and it is therefore possible to get a higher 

amount of peaks for a given chromatogram (Harris 2003, Lindsay 1992). 

 

2.2 Solid-phase extraction 

Samples that are used in analytical chemistry, such as biological fluids and environmental 

samples, often contains a variety of soluble and insoluble compounds beside the analytes.  

These compounds can interfere with the analysis by for example co-eluting with the 

compounds of interest (Lindsay 1992). When working with human plasma it is important to 

remove macromolecules (e.g. nucleic acids and proteins) before introducing the sample into 

the HPLC system. The macromolecules can denaturate and precipitate, thereby clogging the 

analytical column and cause an increase in backpressure and negatively affect the efficiency 

of the separation. This is due to the rather high content of organic solvents in the mobile 

phases and the organic molecules in the stationary phases (Gréen 2007). 

Solid-phase extraction (SPE) is one way to purify, and if necessary concentrate, the sample 

before further analysis. It is a technique where the sample (liquid form) is adsorbed onto a 

solid surface (adsorbent). The sample is driven through the adsorbent by adding pressure 

while loading the sample or by applying a vacuum (Lindsay 1992). 

The substances that have high affinity to the adsorbent are retained and the rest will follow the 

mobile phase through the cartridge. The conditions are then altered, e.g. pH or mobile phase 

composition, so that interferences are eliminated and the sample becomes as clean as possible. 

The substances of interest can either be retained on the adsorbent and the interferences 

washed away or the other way around (Lindsay 1992). 
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These are the main steps in the extraction procedure (Gréen 2007): 

1. Sample pre-treatment Centrifugation and pH adjustment to adapt the analytes to the extraction. 

2. Condition Applying methanol to activate the adsorbent. 

3. Equilibrate Establishment of suitable adsorption conditions for the analytes with water, 

preferably with the same physic-chemical properties as the matrix of the sample. 

4. Sample loading Retention of the analytes by the stationary phase. 

5. Washing steps Interferences that are bound to the cartridge are washed out as much as possible. 

There is often a need to use different approaches to be sufficient. 

6. Elute Organic solvent is added that elutes the analytes by breaking the bonds to the 

adsorbent. The nature of the solvent depends on the structure of the analytes and 

their affinity to the adsorbent.  

 

Optimized solid-phase extraction has the advantages of high reproducibility, high purity, low 

consumption of organic solvents, its ability to concentrate the samples and the possibility to 

use automated systems.  

 

There are different types of solid-phase extractions, two of the most common are described 

briefly below. 

  

2.2.1 Reversed-phase  

In reversed-phase SPE the analytes are separated based on their polarity. The mobile phase 

used is polar and the solid phase is non-polar. The analytes that are retained by this adsorbent 

are of non- to mid-polarity and the retention is due to hydrophobic interactions (Supelco 

1998). The retention is influenced by the amount of organic solvent used and the pH. When 

the amount of organic solvents used is increased the retention forces of the analyte decreases. 

If the pH is changed the retention of the analyte depends on to the nature of the analyte. The 

retention of basic analytes will be greater at a high pH when they are uncharged and lesser at 

low pH where they are ionized. The opposite is true for acidic analytes which will be more 

retained at a low pH than at a high pH (Waters 2003). 
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2.2.2 Ion exchange 

This kind of solid-phase extraction is used for analytes that can be charged. There are both 

anion exchangers and cation exchangers, with different charged groups attached to their 

stationary phase that consist of bonded silica. The anion exchangers have positively charged 

basic groups and the cation exchangers have negatively charged acids. The primary retention 

mechanism is based on the electrostatic attraction that becomes between the charged 

functional group on the analyte and the charged group that is bonded to the surface of the 

silica. In order for the electrostatic attraction to occur, the pH of the solution has to be at a 

value where both the analyte and the functional group on the adsorbent are charged. Altering 

the pH so that either the functional group on both the analyte and the adsorbent are 

neutralized or just one of them is used to elute the analyte. An alternative way of eluting the 

analyte is to use a solution that contains a species that has a higher affinity for the adsorbent 

and therefore takes the place of the analyte (Supelco 1998). 
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3. Methodology 

3.1 Materials and instrumentation 

3.1.1 Materials 

Imatinib mesylate (C30H35N7SO4) and CGP74588 mesylate (C29H33N7SO4) were kindly 

supplied by Novartis, Basel, Switzerland. Amoxapine, Clozapine and Cyheptamide were 

purchased from Sigma-Aldrich, Stockholm, Sweden. IS-Citalopram (IS-CT) was purchased 

from Lundbeck, Copenhagen, Denmark. Mexilitin was purchased from Boehringer Ingelheim, 

Ingelheim, Germany. Opipramol was purchased from Ciba-Geigy, Basel, Switzerland. HPLC-

graded methanol and acetonitrile were from LabScan Analytical Sciences, Glivice, Poland. 

Pro-analysis ammonia (25%), formic acid and acetic acid were from Merck, Darmstadt, 

Germany. Ammonium formate and ammonium acetate were from Fluka Analytical, Seelze, 

Germany. Milli-Q water was produced in house using a Millipore, Gradient. Stock solutions 

of both mesylates were prepared and dissolved in methanol:water (1:1) with the concentration 

of 1 mg/mL respectively. These were stored at -20°C until further use. Stock solutions of the 

internal standards with the concentration of 1 mg/mL in methanol were used and stored at 

+6°C. Work solutions were prepared from the stocks in desired concentrations when needed. 

3.1.2 Instrumentation 

The instrumentation that was used under this thesis is presented in table 3.1 and 3.2. 

Table 3.1 Instrumentation for the HPLC system. Software used: Chromeleon 6.70 (Dionex). 

Instrument Model Manufacturer  

Autosampler Gina 50 Gynkotek 

HPLC pump P680 Dionex 

Diode array detector UVD340U Gynkotek 

Column heater 7955 Jones Chromatography 

 

Table 3.2 Instrumentation for the MS system. Software used: LC/3DQ-MS-1 System Manager (Merck). 

Instrument Model Manufacturer  

Autosampler L-7200 Hitachi 

Pump L-7100 Hitachi 

Interface D-7000 Merck Hitachi 

Mass spectrometer M-8000 Merck Hitachi 

UV detector L-7400 Merck Hitachi, LaChrom 
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3.2 High Performance Liquid Chromatography 

The method development started by trying out reversed-phase columns with different 

stationary phases to see if any one of them were suitable for the separation of the analytes. 

3.2.1 Reversed-phase columns 

The columns that were initially tested: 

 Ascentis Express C18 100*3 mm, 2.7 µm, filter  Supelco Analytical  

 Gemini C18   150*3 mm, 3 µm, gc 2 mm Phenomenex 

 Gemini C6 phenyl   150*3 mm, 3 µm, gc 2 mm Phenomenex  

 XBridge C18    50*3 mm, 2.7 µm, gc 20 mm XBridge Columns 

 XBridge phenyl    50*3 mm, 2.7 µm, gc 20 mm XBridge Columns 

gc= guard column 

The tests on the five columns started with finding a suitable mobile phase for Imatinib 

regarding its retention time and the appearance of the peak. Based on what pH-range the 

columns tolerated; mobile phases that were acidic, basic and neutral were tested. It were also 

investigated which organic solvent that best suited the analysis. Acetonitrile and methanol 

were tested, where acetonitrile is less polar and therefore stronger in reversed-phase 

chromatography. When a suitable mobile phase had been found for Imatinib, the metabolite 

CGP74588 was tested under the same conditions and the mobile phase was then altered based 

on how well the two peaks separated to make sure that they sufficiently resolved. 

 

Additional columns 

When it became necessary to have both an acidic and a basic chromatography for the mass 

spectrometer to evaluate if the ionization worked best at a high or a low pH, two more 

columns were tested that would work under acidic conditions. 

 Synergi Fusion-RP C18 150*3 mm, 4 µm, filter  Phenomenex 

 Synergi Max-RP C12 100*3 mm, 4 µm, gc 2 mm Phenomenex 

The Fusion-RP and Max-RP columns were tested with acidic mobile phases consisting of 

either acetonitrile or methanol containing 1% (v/v) of formic acid together with water 

containing 1% (v/v) of formic acid.  
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Column heating 

To examine if the temperature at which the analysis is run affects the performance of the 

separation a column heater was added to the system. Three temperatures; 23, 30 and 40°C 

were tested. The experiment was performed with the Max-RP column with the method used at 

that time, presented in table 4.6 in results. 

 

3.2.2 Internal standards 

To compensate for possible variations in the analysis an internal standard (IS) of known 

concentration can be added to the solution. The IS should be affected in the same way as the 

analytes. When an internal standard is chosen, the most important thing to have in mind is that 

it should have similar chemical and physical properties as the analytes so that it behaves in the 

same way, but that it can be distinguished from the analytes. 

When a suitable mobile phase had been found for Imatinib and CGP74588, six aromatic 

compounds that were thought to be suitable for the analysis were tested as an internal 

standard. All of them have aromatic structures similar to those of Imatinib and they are more 

or less basic. Their structures are displayed in figure 3.1. 
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Figure 3.1 Names and structures of the internal standards tested. 
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Imatinib and CGP74588 have their max at a wavelength different from the internal standards. 

When it was possible to measure several wavelengths at the same time with the diode array 

detector three wavelengths were used; 210, 230 and 261 nm.  

 

3.3 Solid-phase extraction 

In this method development solid-phase extraction was evaluated for the separation of the 

analytes from the sample matrix that consisted of plasma.  

3.3.1 Oasis 2x4 method 

The first approach was ion exchange cartridges from Oasis. A kit that contained four 

cartridges was evaluated: 

 MCX Mixed-mode cation exchanger  Bases   pKa 2-10 

 WAX Mixed-mode weak anion exchanger  Strong acids pKa <1 

 MAX Mixed-mode anion exchanger  Acids  pKa 2-8 

 WCX Mixed-mode weak cation exchanger Strong bases pKa >10 

With this kit it was possible so characterize the analytes by testing the four cartridges at the 

same time with two different protocols, see figure 3.2. The characterization of the analytes 

was done with the use of a water solution consisting all of the analytes. The reason for 

including them all was to make it possible to evaluate the extraction with more than one 

column when the internal standards suited them differently. The extraction was evaluated 

with the Max-RP column on the HPLC-system, with the methanol gradient presented in table 

4.6 in results. This was done by injecting elutes from each of the steps shown in figure 3.2. 

After selecting a suitable cartridge the work proceeded with optimization of the protocol 

according to the instructions supplied with the chosen cartridge. 
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Figure 3.2 Protocol for the Oasis 2x4 method (Manufactures manual). The steps that were tested were the load, 

wash, elute 1 and elute 2. 

 

Plasma samples 

To evaluate the interference of endogenous compounds from the plasma matrix the optimized 

extraction conditions were tested using spiked plasma samples. A solution of Amoxapine, 

CGP74588, Clozapine, Imatinib and Opipramol in water with the concentration of 40 µg/mL 

was added to plasma (1:1) and the mixture was vortexed. Four plasma samples, one free of 

drugs and three that were spiked with the five compounds, were extracted with the optimized 

protocol for the MCX cartridge. 

 

Patient plasma samples 

Plasma samples from two patients that had been treated with Imatinib for at least a month 

were extracted with the optimized protocol for the MCX cartridge and evaluated. At this point 

a steady state should have been achieved that shows the average concentration of Imatinib and 

metabolites in the patient’s plasma. 
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3.3.2 Time for a new strategy 

After using different batches of plasma it was found out that the extraction method using the 

MCX cartridge showed varying recoveries depending on the plasma matrix. It was therefore 

necessary to evaluate a new extraction cartridge and the one tested was the Oasis HLB. 

 

3.3.3 Oasis HLB 

The Oasis HLB is a reversed-phase extraction cartridge with a hydrophobic-lipophilic 

adsorbent. The cartridge was initially tested for its ability to retain the analytes. This was 

accomplished by an eluting study where Amoxapine, CGP74588, Imatinib and Opipramol in 

a water solution was loaded on the cartridge and then extracted with different compositions of 

acidic and basic solutions. The results of the study gave hints on what compositions of wash 

and elute solutions that could be effective and the work continued with the optimization of 

these solutions. The extraction with the HLB cartridge was evaluated on the Max-RP column 

on the HPLC system with the methanol gradient presented in table 4.6 under results. 

 

3.4 Mass spectrometry 

Two interfaces, ESI and SSI, were evaluated to see which one of them gave the most 

sufficient ionization and the highest sensitivity. They were tested in positive mode because 

the analytes that were analyzed were bases.  

Optimization of the interfaces was done with Imatinib and CGP74588 in a methanol:water 

(1:1) solution with a concentration of 0.25 mg/mL of each compound. The solution was 

injected under direct infusion into the mass spectrometer to optimize the interface parameters 

so that their ion intensities were as high as possible without any fragmentation. The isolation 

masses (m/z) were 493-496 for Imatinib and 479-482 for CGP74588. A mobile phase 

consisting of methanol:water (40:60) with 1% (v/v) of formic acid was used under the 

optimization, based on where Imatinib eluted in the methanol gradient for the Max-RP 

column used at the time that is displayed in table 4.6 in results.  

The two internal standards, Amoxapine and Opipramol, which were used at the time, were 

evaluated with the optimized conditions on both interfaces. An infusion of both compounds in 

a methanol:water (1:1) solution with a concentration of 0.25 mg/mL was used for 

optimization. The isolation masses for Amoxapine and Opipramol were 313-316 and 363-366 

m/z, respectively. 
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The methanol gradient used at the time on the Max-RP column, displayed in table 4.6 in 

results, was tested on the two interfaces. This was done by running the gradient along with 

infusion of Imatinib directly into the mass spectrometer and monitoring the intensity of the 

M+H
+
 ion. The reason for this was to see if the amount of methanol in the mobile phase 

would have an effect on the ion intensity.  

 

3.5 Validation 

In order to evaluate if the developed method was suitable for its purpose, a validation 

procedure was needed to be done. Unfortunately only two experiments could be performed 

due to lack of time and these are described below. 

3.5.1 Standard curves and quality samples 

The use of a standard curve is a helpful way to determine the concentration of analytes (Harris 

2003). To be able to measure the concentration of Imatinib and its metabolites in the patient 

samples it is necessary to create a standard curve that involves higher, lower and in between 

values of what is expected to be found. Standard samples at five different concentrations in 

plasma were used. The concentrations were 0.05, 0.2, 0.8, 2.0 and 4.0 µg/mL for both 

CGP74588 and Imatinib with the exception that the highest value for Imatinib was 10.0 

instead of 4.0 µg/mL. Five samples of each concentration were made and the internal standard 

Opipramol, with the final concentration of 1.0 µg/mL, was added to each sample. The 

standard samples were extracted with the optimized protocol for the HLB cartridge and 

analyzed with the LC-MS method consisting of a MS and UV detector in series, presented in 

table 4.17 in results, and after that standard curves were constructed.  

Quality samples are used to evaluate the accuracy and precision of a method, where the 

accuracy reflects how close the experimental value is compared to the real value and the 

precision reflects the reproducibility of a result (Harris 2003). Quality samples at three 

different concentrations in plasma were used. The concentrations were 0.15, 0.5 and 1.0 

µg/mL for both CGP74588 and Imatinib with the exception that the highest value for Imatinib 

was 4.0 instead of 1.0 µg/mL. Five samples of each of the three concentrations were prepared 

and to each of the samples Opipramol, with the final concentration of 1.0 µg/mL, was added. 

The quality samples were extracted using the HLB cartridge and analyzed with the LC-MS 

method, presented in table 4.17 in results, and their concentrations were calculated using one 

of the standard curves. 
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3.5.2 Intra- and inter-day accuracy and precision 

An intra-day evaluation is done to see if there are any variations between repeated analyses 

that are done within a day. Inter-day evaluations is done to see if there are any variations 

between repeated analyses that are done on separate days. Fifteen quality control samples, 

five of each concentration, were prepared for the intra- and inter-day evaluation. Samples for 

one standard curve were extracted and analyzed each day. The accuracy and the precision 

were calculated for the standard samples, see discussion in results. Nine quality control 

samples, three of each concentration, were extracted for the intra-day evaluation and two sets 

of three samples were left in room temperature to be extracted on the following two days for 

the inter-day evaluations. The accuracy and precision of the analyses were calculated, see 

results.  

The precision of the assay was expressed as a coefficient of variation (CV) at each 

concentration by calculating the standard deviation as a percentage of the mean calculated 

concentrations, while accuracy of the method was evaluated by expressing the mean 

calculated concentration as a percentage of the nominal concentration. 

 

 

3.6 Quantification of Imatinib and main metabolite in a patient sample  

A new plasma sample from a patient, G003, was extracted with the HLB cartridge and 

analyzed with the Max-RP-MS method. The internal standard Opipramol was added to the 

sample, to a final concentration of 1.0 µg/mL, to compensate for eventual losses in the 

extraction procedure. The concentrations were measured using a standard curve that had been 

done earlier on the same day. 
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4. Results and discussion 

4.1 HPLC methods 

The evaluation of the reversed-phase columns resulted in the conclusion that separation of 

Imatinib, CGP74588 and the internal standards at a high pH value worked best on the Gemini 

C18 column with the exception that not all of the internal standards could be included in the 

method. But in the final method only one internal standard will be used so this was not a 

problem.  

It was difficult to find suitable mobile phases for the Ascentis C18, Gemini C6 phenyl, X-

bridge C18 and X-bridge phenyl columns. Several mobile phase compositions were tested but 

no one was able to give sufficient resolution and at the same time give good results regarding 

asymmetry and enough plates. 

The acidic chromatography worked best on the Fusion-RP column with the acetonitrile 

gradient regarding separation and asymmetry, due to the fact that the supply of acetonitrile 

was limited at this time and that the separation could not be optimized enough with methanol, 

the Max-RP column was chosen because a suitable separation was achieved with methanol. 

 

4.1.1 Gemini C18 

For the Gemini C18 column the best results in terms of plates, resolution and selectivity was 

achieved using a mobile phase consisting of methanol:water (65:35) with 5% (v/v) ammonia 

(25%) resulting in a pH of 11 and a flow rate of 0.4 mL/min. When the pH is above the 

analytes pKa they exist in a neutral form, and therefore the retention depends on hydrophobic 

interactions with the carbon chains in the stationary phase. A chromatogram is displayed in 

figure 4.1 and the result of the separation is presented in table 4.1. 
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Figure 4.1 Gemini C18. Elution order: CGP74588, Cyheptamide, Imatinib, Mexilitin, Amoxapine and Clozapine. 

Even though CGP74588 and Cyheptamide, the two first peaks, did not have an ideal 

resolution (at least 1.5) this was not considered a problem due to the fact that a mass 

spectrometer would be used for detection. 

 

Table 4.1 Results of separation on the Gemini C18 column. 

Compound Retention time, min Width, min Resolution Asymmetry Plates/10 cm 

CGP74588 4.943 0.455 1.32 n.a 1215 

Cyheptamide 5.497 0.385 1.80 n.a 2149 

Imatinib 6.265 0.472 2.03 1.27 1855 

Mexilitin 7.159 0.416 12.34 1.30 3151 

Amoxapine 13.412 0.608 3.38 1.10 5222 

Clozapine 15.535 0.664 n.a 1.01 5863 

The resolution is measured between the actual peak and the one that follows, e.g. the resolution of 1.32 for 

CGP74588 regards its separation from Cyheptamide. The reason for Clozapine not having a resolution value is 

because it does not have a subsequent peak. 

Opipramol and IS-Citalopram were excluded at this point due to the fact that they co-eluted 

with Amoxapine and had a very long retention time (>20 min) compared to the analytes, 

respectively. 
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4.1.2 Fusion-RP 

When none of the five columns that were initially tested showed satisfactory chromatograms 

under acidic conditions, either with or without a gradient, it was necessary to find a new 

column. The first column that was tested was the Fusion-RP column, which has a stationary 

phase that consists of alternated C18-chains and polar groups (Phenomenex 2009). Even 

though the analytes are polar they are retained by hydrophobic interactions when the long 

carbon chains are more accessible than the polar groups. 

The pH of the formic acid that was used in the mobile phases was about 2.40. At a pH below 

or close to the pKa of the analytes, they are present in either positive or neutral form. 

When a high proportion of formic acid was used in the mobile phase the two lower 

wavelengths (210 and 230 nm) could not be used on the UV detector, because the acid was 

disturbing the baseline. Therefore it was not possible to use the internal standards 

Cyheptamide and Mexilitin in the method because they absorbed very poorly at 261 nm. 

In order to get symmetrical peaks it was necessary to use a mobile phase gradient. With the 

Fusion-RP column, acetonitrile was the best solvent whereas with methanol the results were 

broad and asymmetric peaks even though using a gradient. The final gradient used is 

presented in table 4.2, a chromatogram is displayed in figure 4.2 and the result of the 

separation is presented in table 4.3. 

 

Table 4.2 Final gradient for the Fusion-RP column. Flow 0.6 mL/min. 

Time (min) % ACN, 1% (v/v) FoA % H2O, 1% (v/v) FoA 

0 5 95 

8 40 60 

8.5 5 95 

12.5 5 95 

 

The gradient starts with a very low proportion of acetonitrile when it was not possible to start 

higher because the analytes then eluted before the gradient reached the column and therefore 

eluted under isocratic conditions. If the slope of the gradient was decreased and the program 

time extended the problem would be solved but the asymmetry of the peaks would not be 

satisfying. Therefore the gradient had to start at a low proportion. 
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Figure 4.2 Synergi Fusion-RP. Gradient with ACN. Elution order: CGP74588, Imatinib, Clozapine, Opipramol, 

Amoxapine and IS-Citalopram. 

Table 4.3 Results of separation on the Fusion-RP column. 

Compound Retention time, min Width, min Resolution Asymmetry 

CGP74588 5.157 0.124 2.84 1.45 

Imatinib 5.515 0.129 1.82 n.a 

Clozapine 5.769 0.150 8.70 1.35 

Opipramol 6.997 0.135 3.27 1.39 

Amoxapine 7.437 0.141 13.44 1.21 

IS-Citalopram 9.373 0.150 n.a 1.53 

This column showed a sufficient separation of the analytes. Resolution of two peaks is 

defined under isocratic conditions but not under gradient conditions, which should be kept in 

mind in the below presented experiments. However, here and forward the resolution value is 

used for evaluation of different mobile phases on the same column. 

 

4.1.3 Max-RP 

To find a column that would work with methanol as an organic modifier, a Max-RP column 

was evaluated under acidic conditions. 

The stationary phase of the Max-RP column has C12-chains attached to its silanol groups 

which contribute to an enhanced coverage of the free silanols compared to C18-chains 

(Phenomenex 2009). The reason is that there are less steric interactions with the C12-chains so 

they are able to cover the free silanols more sufficiently. Because of the low pH of the mobile 

phase the free silanols are protonated and do not contribute to any further interactions. 

Therefore the retention is based only on hydrophobic interactions with the carbon chains.  
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It was not possible to use Cyheptamide and Mexilitin in the method for the same reason as for 

the Fusion-RP column.  

Both acetonitrile and methanol were evaluated on this column to evaluate which of them 

provided the best chromatography. The need of a gradient was inevitable because of the bad 

tailing of the analytes when using isocratic mobile phases.  

 

Gradient with acetonitrile 

Different mobile phase gradients were tested with acidic acetonitrile and the final gradient is 

presented in table 4.4. For the same reason as for Fusion-RP the gradient had to start on a low 

proportion of acetonitrile. 

Table 4.4 Gradient with acetonitrile for Max-RP. Flow 0.6 mL/min. 

Time (min) % ACN, 1% (v/v) FoA % H2O, 1% (v/v) FoA 

0 5 95 

8 40 60 

8.5 5 95 

12.5 5 95 

A chromatogram is displayed in figure 4.3 and the result of the separation is presented in table 

4.5. 
 

 

Figure 4.3 Synergi Max-RP. Gradient with ACN. Elution order: CGP74588, Imatinib, Clozapine, Opipramol, 

Amoxapine and IS-Citalopram. 
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Table 4.5 Results of separation on the Max-RP column with the ACN gradient. 

Compound Retention time, min Width, min Resolution Asymmetry 

CGP74588 5.726 0.145 1.99 1.53 

Imatinib 6.011 0.145 4.17 1.56 

Clozapine 6.665 0.171 6.21 1.52 

Opipramol 7.711 0.166 3.77 1.61 

Amoxapine 8.352 0.175 8.74 1.58 

IS-Citalopram 9.943 0.191 n.a 1.86 
 

The asymmetries of the peaks were, however, better on the Fusion-RP with its acetonitrile 

gradient.  

 

Gradient with methanol 

After testing a variety of different gradients, starting at both low and high proportions of 

methanol, the best suitable gradient was the one that is presented in table 4.6. The 

chromatogram for the gradient is displayed in figure 4.4. 

Table 4.6 Gradient with methanol for Max-RP. Flow 0.6 mL/min. 

Time (min) % MeOH, 1% (v/v) FoA % H2O, 1% (v/v) FoA 

0 10 90 

8 90 10 

8.5 10 90 

12.5 10 90 

 

 

 

Figure 4.4 Synergi Max-RP. Gradient with MeOH. Elution order: CGP74588, Imatinib, Clozapine, Opipramol 

and Amoxapine. 
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Here the peaks for Imatinib and Clozapine were not separated sufficiently, however, this was 

not a problem since the analytes can be separated by the mass spectrometer. The reasons for 

excluding IS-Citalopram were that the absorption at this wavelength was low and that it 

eluted late in this gradient. 

The result of the separation is presented in table 4.7. 

Table 4.7 Results of separation on the Max-RP column with the MeOH gradient. 

Compound Retention time, min Width, min Resolution Asymmetry 

CGP74588 5.585    0.162 1.85 1.74 

Imatinib 5.889 0.168 0.95 n.a 

Clozapine 6.061 0.199 5.40 n.a 

Opipramol 7.089 0.186 2.82 1.87 

Amoxapine 7.622 0.192 n.a 1.88 

 

Column heating 

If the column temperature was raised above 23°C on the Max-RP column the retention times 

of the early eluting analytes, CGP74588 and Imatinib, were decreased and thereby eluting 

under isocratic conditions. Therefore a column oven was needed to hold the temperature at 

23°C. 

 

4.2 Solid-phase extraction 

Out of the four Oasis columns that were initially tested, MCX showed the best results. The 

reasons for choosing the MCX cartridge were that the analytes were sufficiently retained 

when loading the sample, did not come off at the wash steps and were sufficiently eluted in 

the last step. On the other three Oasis columns the analytes did not bind strong enough to the 

absorbent while loading the sample or the analytes were washed out and therefore decreasing 

the recovery. 
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4.2.1 Oasis MCX 

The MCX-cartridge consists of a mixed-mode adsorbent where the sulfonate group acts as the 

cation exchanger and the right phenyl group provides hydrophobic retention, see figure 4.5 

(Manufactures manual). On this adsorbent the analytes interact with both the sulfonate and the 

phenyl group. 

 

Figure 4.5 The adsorbent of Oasis MCX. 

The protocol for MCX was optimized according to the manufacturers protocol. This is done 

to take full advantage of both the reversed-phase and ion exchange separation mechanisms. A 

change in pH is used to manipulate the ionization states of the ion exchange sites on the 

adsorbent and of the analytes and interferences acidic or basic moieties. By doing this the 

retention can be selectively chosen to occur by either hydrophobic or ionic interactions. The 

elution of the sample can be finely adjusted by modifying the concentration of the organic 

solvent. The optimization of the protocol results in cleaner extracts, enhancement of 

sensitivity and a lower variability in the analytical method due to minimizing the effect of the 

matrix (Manufacturers manual). 

The optimization began with altering the sample preparation. To help the analytes to bond 

better on the adsorbent the use of an ammonium formate buffer at pH 5 was tested and later 

included to the protocol. The sample was mixed with the buffer at a ratio of 1:1 and the 

cartridge was equilibrated using the buffer after the condition with methanol. The buffer helps 

the analytes to adapt to the extraction and dissociate from plasma proteins. 

In the optimization instructions provided by the manufacturer a third wash step was suggested 

in addition to the acidic water and the methanol as stated in the original protocol.  
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The reason for this is that a cleaner sample enhances the selectivity and the sensitivity for the 

analytes. The new wash step was developed by the use of a wash-elute study where different 

amounts of methanol in proportion to water was tested in order to see where the analytes 

started to elute. The aim is to have a wash solution that exclude as much as possible of the 

interferences but where the analytes still remains retained. The results showed that a solution 

with 5% (v/v) ammonia (25%) in methanol:water (40:60) had the best outcome. 

The manufacturer also suggested an alteration in the elution solution that was an addition of 

basic water to the basic methanol. A wash-elute study was also done here to see at which 

composition that the recovery was as good as it could be. This resulted in an elute solution 

that consisted of 5% (v/v) ammonia (25%) in methanol:water (80:20).   

To concentrate the sample an evaporation step with a flow of N2 gas under heating after the 

elution was added to the protocol. In order to be able to evaporate all of the methanol in the 

elute solution in a reasonable amount of time the solution was modified from 80% to 100% 

methanol. To prevent the analytes to evaporate along with the methanol an ionization step 

was added where formic acid was added to the sample tube before the elution of the sample. 

The ammonia in the elution solution and the formic acid reacts and forms a salt. 

After the evaporation step the sample was reconstituted using the mobile phase used at the 

time so that it was compatible with the chromatography. In this final step it is possible to 

concentrate the sample by reconstitute it in a smaller volume than it was loaded and eluted 

with. See the optimized protocol in table 4.8. 

Table 4.8 Optimized extraction protocol for MCX (Manufactures manual). 

1. Condition 1 mL CH3OH Activation of the adsorbent. 

2. Equilibration 1 mL buffer pH 5 Adaption of the cartridge to the sample. 

3. Load sample 1 mL sample in 1:1 (v/v) 

ammonium formate buffer pH 5 

Retention of the analytes by the adsorbent. 

4. Wash 1 1 mL 2% (v/v) FoA in H2O Locking of the ionized basic drug on the strong cation 

exchange sites and removal of proteins and salts. 

5. Wash 2 1 mL CH3OH Removal of unionized acids, neutral compounds and acidic 

interferences that are retained by hydrophobic interactions. 

6. Wash 3 1 mL 5% (v/v) NH4OH in 

CH3OH: H2O, 40:60 

Neutralization of bases and removal of more polar basic 

interferences. 

7. Elute 1 mL 5% (v/v) NH4OH in 

CH3OH 

Elution of the basic analytes and retention of hydrophobic 

basic interferences. The elution was done into a vial 

containing 50 L 25 % (v/v) FoA in CH3OH. 

8. Evaporate Flow of N2, heating at 50°C Get rid of NH4OH. 

9. Reconstitute 200 µL mobile phase Adjusting to the chromatography. 
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The eluate from the MCX cartridge was also tested on the Gemini C18 column but the 

ammonia in the sample was interfering with the chromatography which resulted in badly 

tailing peaks and there were signs that the analytes were in both charged and neutral state 

because there were double peaks. Further extracted samples were evaluated on the Max-RP 

column. 

 

Plasma samples 

The result of the blank plasma extraction was a very clean eluate with no interfering peaks 

that could affect the analysis when analytes are present, see figure 4.6. 

 

Figure 4.6 Synergi Max-RP. Drug free plasma sample extracted with the MCX cartridge. Note the scale on the 

y-axis compared to the y-axis in figure 4.7. 

One of the three spiked plasma samples is displayed in figure 4.7 and the mean recoveries of 

the three samples are presented in table 4.9. 
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Figure 4.7 Synergi Max-RP. Spiked plasma. Elution order: CGP74588, Imatinib, Clozapine, Opipramol and 

Amoxapine. 

 

Table 4.9 Mean recoveries of the three spiked plasma samples extracted with the MCX cartridge. 

Compound Recovery, mean 

CGP74588   93.9% 

Imatinib   96.3% 

Clozapine   97.2% 

Opipramol 102.2% 

Amoxapine   94.6% 

 

The recoveries were not 100% for all of the analytes but it was believed to be sufficient 

enough for quantification and high enough reproducibility, and the optimized protocol was 

therefore included in the method and used for the following extractions.  

 

Patient plasma samples 

The two patient samples were extracted using the MCX-protocol and separated on the Max-

RP column. The chromatogram showed a few more substances, potentially other metabolites, 

which eluted before Imatinib and CGP74588. The metabolite patterns were similar and 

Imatinib was the dominant peak in both samples as seen in figures 4.8 and 4.9. 
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Figure 4.8 Synergi Max-RP. Patient sample G002. The peaks at Rt 5.646 and 5.943 belong to CGP74588 and 

Imatinib, respectively. Peaks eluting prior to these peaks might be other Imatinib metabolites. 

 

Figure 4.9 Synergi Max-RP. Patient sample G008. The peaks at Rt 5.639 and 5.938 belong to CGP74588 and 

Imatinib, respectively. Peaks eluting prior to these peaks might be other Imatinib metabolites. 
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New batch of plasma 

It was found that the recoveries from the extractions started to differ when a new batch of 

plasma was used when re-evaluating the MCX-protocol. The CGP74588 metabolite was 

found to bind too hard to the cartridge and therefore did not sufficiently elute. Even though 

trying to change the composition of the elution solution in different ways there were not any 

acceptable results. For this reason the extraction method development continued with the 

evaluation of the Oasis HLB cartridge. 

 

4.2.2 Oasis HLB 

The cartridge of Oasis HLB consists of a hydrophilic-lipophilic balanced adsorbent with 

reversed-phase properties. It provides pH stability across the entire pH range (0-14) and is 

therefore suitable for all kinds of compounds (Oasis HLB manual). Figure 4.10 displays the 

structure of the adsorbent of the Oasis HLB. 

N

O  

Figure 4.10 The adsorbent of the Oasis HLB cartridge. 

The different elution solutions that were tested for the adsorbents ability to retain the analytes 

consisted of different compositions of methanol and water both consisting of either 5% 

ammonia, 2% formic acid or 2% acetic acid. The sample and the cartridge were equilibrated 

with 2% formic acid in water under this study.  

The percentage of organic modifier needed in the washing solution to get rid of as much of 

the matrix as possible without eluting the analytes was investigated by trying out different 

compositions of acidic methanol:water solutions for a primary wash step and basic 

methanol:water solutions for a second wash step.  
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When it proved to be difficult to find a good acidic composition for the primary wash, a new 

strategy was made up with the use of a buffer with a neutral pH value. An ammonium acetate 

buffer of pH 7 was used to equilibrate the sample and the cartridge and the buffer along with 

methanol at different compositions were tested as a primary washing solution. This proved to 

be an excellent idea and this was included in the extraction method. The final composition of 

the wash solution was methanol:buffer in a ratio of 40:60.  

Due to elution of the analytes when using the neutral and the basic wash step, the second step 

was omitted and replaced by an earlier elution under basic conditions.  

The final optimized protocol for the HLB cartridge is presented in table 4.10. 

Table 4.10. Optimized protocol for the HLB cartridge. 

1. Condition 1 mL CH3OH Activate the adsorbent. 

2. Equilibrate 1 mL buffer pH 7 Adapt the cartridge to the sample. 

3. Load sample 1 mL sample in 1:1 (v/v) ammonium 

acetate buffer pH 7 

Retention of the analytes by the adsorbent. 

4. Wash 1 mLCH3OH:buffer pH 7 (40:60) Washes away interferences. 

5. Elute 1 mL 5% (v/v) NH4OH in CH3OH Elution of the analytes. 

6. Evaporation Flow of N2, heating at 50°C Get rid of the NH4OH. 

7. Reconstitute 200 µL mobile phase Adapt to the chromatography. 

 

One of the two extracted plasma samples with the HLB cartridge is displayed in figure 4.11 

and the mean recoveries are presented in table 4.11.  

 

Figure 4.11 Synergi Max-RP. Elution order: CGP74588, Imatinib, Opipramol and Amoxapine. 
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Table 4.11 Mean recoveries of the two spiked plasma samples extracted with the HLB cartridge. 

Compound Recovery, mean 

CGP74588 100.5% 

Imatinib 102.5% 

Opipramol 102.0% 

Amoxapine 103.0% 

 

The result of the plasma extraction with the HLB cartridge was very clean samples and a high 

recovery for all the analytes. Further extractions were done with the optimized protocol for 

the HLB cartridge. 

 

4.3 Mass spectrometry 

 

4.3.1 Optimization of the interfaces 

The two interfaces were optimized using an infusion of Imatinib and CGP74588. The results 

showed that the ionization was more effective on the SSI and that it showed a higher 

sensitivity than the ESI. 

The final settings for the SSI interface and standard MS are presented in table 4.12 and 4.13. 

Table 4.12 Optimized settings for the SSI interface. 

 Aperture 1: 150 °C  Drift: 80 V 

 Aperture 2 112 °C  Focus: 40 V 

 Cover plate: 230 °C  SSI chamber 1.2 kV 

 Detector: 475 V   

 

Table 4.13 Standard MS. 

Accum voltage 

(V) 

Low mass cutoff  

(amu) 

Scan range  

(amu) 

Accum time  

(ms) 

0.040 70.00 450.00 - 700.00 50.00 

 

Unfortunately the scan range was set too high and Opipramol (m/z 363) was therefore not 

detectable in the method. The evaluation of Opipramol was therefore only followed by UV 

detection. 
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The MS/MS setups were done individually for Imatinib, CGP74588 and Opipramol. There are 

three stages of settings that have to be specified and these are the ion accumulation, ion 

isolation and CID-MS
2
 (Merck 2000). The final settings for the ion accumulation are 

presented for each analyte in table 4.14. At this stage the ions that shall be trapped in the ion 

trap (accum masses) are specified and also for how long they will be accumulated for trapping 

(accum time). 

 

Table 4.14 Ion accumulation- MS
1
. 

Compound Low mass cutoff 

(amu) 
Accum masses  

 

Accum voltage  

(V) 

Accum time  

(ms) 

CGP74588 70.00 470.00 - 490.00 0.010 50.00 

Imatinib 70.00 488.00 - 498.00 0.030 50.00 

Opipramol 70.00 358.00 - 368.00 0.020 50.00 

The settings of the ion isolation are a specification of which ions that shall be kept in the ion 

trap, while the rest is been removed. This action will effectively remove most of the unwanted 

background (Merck 2000). In table 4.15 the final settings for the ion isolation are presented. 

Table 4.15 Ion isolation- MS
1
. 

Compound Low mass cutoff 

(amu) 
Isolation masses 

(amu) 
Isolation voltage  

(V) 

Isolation time  

(ms) 

CGP74588 420.00 475.00 - 485.00 0.120 10.00 

Imatinib 465.00 488.00 - 498.00 0.055 10.00 

Opipramol 345.00 353.00 - 373.00 0.140 10.00 

The last settings regards the collision-induced dissociation. The ions that were kept in the ion 

trap in the isolation step will undergo the CID process and fragment (Merck 2000). Table 4.16 

presents the final settings for the CID-MS
2
. 

Table 4.16 CID- MS
2
. 

Compound Low mass cutoff 

(amu) 
CID resonance 

(amu) 
CID voltage  

(V) 

CID time  

(ms) 

CGP74588 250.47 470.00 - 490.00 0.200 50.00 

Imatinib 200.00 483.00 - 503.00 0.280 50.00 

Opipramol 120.00 362.00 - 366.00 0.290 50.00 
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The fragmentations of Imatinib, CGP74588 and Opipramol are displayed in figures 4.12 – 

4.14 where the mass of the right structures are the ones found in the mass spectra. Imatinib 

and CGP74588 have the same fragment, see below. 

 

 

Figure 4.12 Fragmentation of Imatinib. 

 

 

 

Figure 4.13 Fragmentation of CGP74588. 

 

 

Chemical Formula: C9H19N2O•

Exact Mass: 171.15

Chemical Formula: C14H10N•

Exact Mass: 192.08  

Figure 4.14 Fragmentation of Opipramol. 
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4.3.2 Amount of methanol in the mobile phase 

It turned out that the amount of methanol used in the mobile phase had a large impact on the 

ionization intensity. On the ESI interface there was an increased intensity with a higher 

amount of methanol, while there was a lesser impact on the SSI interface. Here there was 

more beneficial to have a lower than a higher amount of methanol in the mobile phase. When 

the SSI was the interface that finally was chosen a new gradient was developed. It started at a 

higher amount of methanol than the method presented in table 4.6 to raise the strength of the 

mobile phase and that did not go as high as to 90:10 methanol:water like the previous one, for 

the reason not to decrease the ion intensity that followed with a high amount of methanol. The 

final methanol gradient is presented in table 4.17. 

Table 4.17 The final gradient for the HPLC-MS method, flow 0.6 mL/min. 

Time (min) % MeOH, 1% (v/v) FoA % H2O, 1% (v/v) FoA 

0 15 85 

7 60 40 

9 60 40 

9.5 15 85 

13.5 15 85 

 

 

4.4 Validation 

4.4.1 Standard curves 

When evaluating the results of the standard samples on the mass spectrometer it was 

discovered that there was a large difference between the first sample run of the day and the 

later runs. This resulted in an incorrect value for the lowest standard point (0.050 µg/mL) in 

each of the standard curves. The reason for this is that the mass spectrometer was not warm 

enough when the first sample of the day was run and therefore gave a decreased sensitivity. 

There is also a possibility of mistakes in the dilution of the samples. Figures 4.15 and 4.16 

displays the standard curves obtained of Imatinib and CGP74588, respectively, on the mass 

spectrometer. 
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Figure 4.15 Standard curve of Imatinib ranging from 0.5-10.0 µg/mL using the mass spectrometer. 

 

Figure 4.16 Standard curve of CGP74588 ranging from 0.5-4.0 µg/mL using the mass spectrometer. 

The standard curves were created using a quadratic-fit regression model because of the 

nonlinearity due to ion suppression at the higher concentrations. Ion suppression is a result 

from the presence of high amounts of ions in the interface and trap resulting in a repulsion of 

ions from each other and loss of signal, and/or less volatile compounds in the interface that 

can affect the droplet formation or its evaporation. This results in a decrease in the amount of 

charged ions that reaches the detector and therefore gives a lower response and this is what is 

seen in the standard curves at the higher concentrations (Annesley 2003). The effects of ion 

suppression might be reduced by using an internal standard that is affected in the same 

manner. However, then the internal standard needs to co-elute with the analyte. The used 

internal standard did not co-elute since it was also used for the UV experiment.
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However, the inter-sample variation of the internal standard was so low that it did not affect 

the quantification of the analytes. Further analysis of the suitability of the internal standard 

will be need and maybe an isotope labeled compound would be more suitable. 

 

Figure 4.17 displays an example of one standard curve for CGP74588 and figure 4.18 

displays a standard sample, both evaluated with the UV detector. 

 

Figure 4.17 Standard curve for CGP74588 ranging from 0.5-4.0 µg/mL using the UV detector. 

 

 

Figure 4.18 UV chromatogram from a standard sample. Imatinib (2.0 µg/mL) is seen as the peak with Rt 6.51, 

CGP74588 (1.0 µg/mL) at 5.95 and the IS Opipramol (1.0 µg/mL) at Rt 8.24.  
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4.4.2 Quality samples 

The results of the quality samples are presented in tables 4.18 and 4.19.  

Table 4.18 Results of the accuracy and precision for the quality samples with the mass spectrometer. 

  Concentration Accuracy Precision 

  µg/mL Intra-day Inter-day Intra-day Inter-day 

Compound Sample Plasma Mean Mean CV CV 

Imatinib Q1 0.150 136.22% 127.73% 8.08% 17.07% 

 Q2 0.500 134.47% 125.96% 3.30% 14.76% 

 Q3 4.000 107.58% 103.97% 0.41% 5.25% 

       

CGP74588 Q1 0.150 105.60% 112.93% 15.68% 13.70% 

 Q2 0.500 111.67% 111.44% 7.04% 6.56% 

 Q3 1.000 108.40% 108.98% 2.04% 4.73% 

 

The high intra- and inter-day accuracy values on the mass spectrometer can be explained by 

the inaccurate standard curves, see discussion above. 

 

Table 4.19 Results of the accuracy and precision for the quality samples with UV detection. 

  Concentration Accuracy Precision 

  µg/mL Intra-day Inter-day Intra-day Inter-day 

Compound Sample Plasma Mean Mean CV CV 

Imatinib Q1 0.150 75.33% 76.67% 5.38% 5.07% 

 Q2 0.500 85.40% 86.76% 3.68% 3.35% 

 Q3 4.000 89.68% 91.61% 0.77% 3.32% 

       

CGP74588 Q1 0.150 78.22% 80.00% 3.55% 4.29% 

 Q2 0.500 83.80% 84.72% 3.60% 2.98% 

 Q3 1.000 87.17% 88.88% 1.34% 3.09% 

       

Opipramol Q1 1.000 101.80% 101.30% 2.48% 1.93% 

 Q2 1.000 103.57% 102.76% 0.39% 1.17% 

 Q3 1.000 102.83% 103.78% 1.31% 2.20% 

 

On the UV detector on the other hand there were very low accuracy values and these can be 

explained by an insufficient extraction possible due to the plasma or a mistake in the dilutions 

of the samples. The precision values were all under 10% and therefore acceptable. 

The use of an internal standard was not definitive evaluated and the area ratios need to be 

investigated before they can be included in the method. 
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4.4.3 Patient plasma sample 

The new sample from a patient, G003, was extracted using the HLB cartridge and analyzed 

with the Max-RP-MS method and an UV chromatogram is displayed in figure 4.19. An 

evaluation of the peak at Rt 5.65 with the standard MS method showed that it most likely is a 

glucuronide desmethyl metabolite with the m/z 654-656 (Gschwind 2005). 

 

 

Figure 4.19 UV chromatogram from patient G003. Imatinib is seen as the peak with Rt 6.54, CGP74588 at 5.98 

and the IS Opipramol at 8.23. Peaks eluting prior to these peaks might be other Imatinib metabolites. Extracted 

using the HLB-protocol and analyzed with the Max-RP-MS method. 

The concentration of the sample was calculated by using one of the standard curves previous 

made. Because of the problems with the mass spectrometer, discussed before, only the results 

from the UV detector can be reliable. The measured concentrations of the three analytes are 

presented in table 4.20. 

Table 4.20 Measured concentrations of the patient sample. 

Compound Concentration, µg/mL 

CGP74588 0.323 

Imatinib 0.946 

Opipramol 0.997 
 

The measured concentration of the internal standard was very close to the amount that what 

was added to the sample, i.e. 1.0 µg/mL. As seen in the previous discussion about the quality 

samples, the accuracy for the internal standard was good but for the other two it was not that 

sufficient. Due to that fact the measured concentrations in the sample for CGP74588 and 

Imatinib probably should be higher than the stated in table 4.20.  
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Standard MS-chromatograms for Imatinib and CGP74588 from the patient sample are 

displayed in figures 4.20 and 4.21, respectively. 

 

 

Figure 4.20 MS-chromatogram for Imatinib (m/z 493-496) from patient sample G003. Extracted using the HLB-

protocol and the LC-MS method. 

 

 

 

 

Figure 4.21 MS-chromatogram for CGP74588 (m/z 479-482) from patient sample G003. Extracted using the 

HLB-protocol and the LC-MS method. 
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4.5 Conclusions 

Compared to other available quantitative methods using an UV detector, this method shows 

about the same sensitivity (Widmer 2004). The sensitivity on the mass spectrometer on the 

other hand is not as sufficient as other methods (Bakhtiar 2002, Larsson 2008, Parise 2003, 

Peng 2005) and this can be due to the instruments old age. 

 

4.6 Future perspectives 

The methods presented in this thesis are not perfect and need further work and Ph.D. student 

Karin Skoglund is going to proceed with the development.  

The LC-MS method development should be continued on the new mass spectrometer that has 

been purchased to the department when there is a need of getting a more sensitive method so 

that it could be used for its purpose.  

For both the LC-UV and LC-MS method the validation of the methods should be evaluated 

with all of the necessary validation procedures, when the method is finalized.  
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