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SAMMANFATTNING 
Cyklosporin A (CsA) är en cyklisk polypeptid med molekylvikten är 1202.6 Da. 

Substansen har svampursprung (Tolypocladium inflatum Gams) och starka 

immunhämmande egenskaper. CsA används därför som immunsuppressivt läkemedel 

för att förhindra avstötning av transplanterade organ och benmärg, samt vid behandling 

av graft-versus-host-disease (transplantat-mot-värd-sjukdom). CsA har ett snävt 

terapeutiskt fönster, vilket betyder att skillnaden mellan effektivitet och toxicitet är liten. 

Biverkningarna av substansen är många och en del av dem allvarliga, såsom nedsatt 

njurfunktion och ökad risk för utvecklande av diabetes och maligna sjukdomar som 

exempelvis lymfom. Den inter- och intraindividuella variabiliteten i farmakokinetik och 

farmakodynamik är dessutom stor. Det är därför ytterst viktigt att följa behandlingen 

med koncentrationsbestämningar av CsA i helblod. 

 

Det finns ett flertal olika analysmetoder för CsA tillgängliga, såsom immunoassays, 

vätskekromatografi (HPLC) och vätskekromatografi-tandem-massspektrometri (LC-

MS/MS). Avdelningen för klinisk kemi vid Centralsjukhuset i Karlstad har sedan många 

år använt en radioimmunoassay, CYCLO-Trac SP®, från DiaSorin för att bestämma 

CsA i helblod. Laboratoriets önskan är att ersätta denna metod, vilken använder 

radioaktiva isotoper, med en snabbare och mer selektiv LC-MS/MS-metod.  

 

I detta arbete har en LC-MS/MS-metod för analys av cyklosporin A i helblod utvecklats 

och validerats. Metoden har snabb provupparbetning och kromatografi och använder 

positiv elektrospray som joniseringsteknik. Två procedurer för proteinfällning 

utvärderades som provupparbetningsförfarande under metodutvecklingen och två olika 

internstandarder testades; CsA analogen cyklosporin D och isotopmärkt CsA (d12-CsA). 

 

Efter den fullständiga valideringen infördes metoden i rutinarbetet 2009-11-01. Resultat 

från både LC-MS/MS och den radioimmunologiska metoden lämnas ut parallellt under 

minst fem månader. 





ABSTRACT 
Cyclosporine A (CsA) is a cyclic undecapolypeptide of fungal origin (Tolypocladium 

inflatum Gams). It has a molecular weight of 1202.6 Da and is used as an 

immunouppressive drug to prevent rejection of transplanted organs and bone marrow, 

and for the treatment of graft-versus-host disease. CsA exhibits a narrow therapeutic 

range between efficacy and toxicity. There are many side effects exerted by the drug and 

some of them are serious, such as renal dysfunction and increased risk of developing 

diabetes and malignant diseases such as lymphoma. In addition, the inter-individual and 

intra-individual pharmacokinetic and pharmacodynamic variability is large. Constant 

monitoring of the CsA-concentration is therefore mandatory. 

 

There are several analytical methods available for the determination of CsA, such as 

immunoassays, liquid chromatography (HPLC) and tandem mass spectrometry (LC-

MS/MS). The department of Clinical Chemistry at the Central Hospital in Karlstad has 

for many years used a radioimmunoassay, the CYCLO-Trac SP® from DiaSorin, for 

CsA-determinations. The laboratory wants to replace this method, which uses 

radioactive isotopes, with a faster and more selective LC-MS/MS method. 

 

In this work a LC-MS/MS method, utilizing positive electrospray, with a fast sample 

preparation and chromatography for the determination of CsA in whole blood has been 

developed and validated. Two protein precipitation procedures were evaluated for 

sample preparation during the method development and two different internal standards 

were tested; the CsA analog cyclosporine D (CsD) and an isotope labelled CsA (d12-

CsA). The LC-MS/MS assay was fully validated and implemented in the routine work at 

the laboratory on November 1 2009. Results from both the CYCLO-Trac SP® method 

and the LC-MS/MS assay will be reported for at least five months. 
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1. INTRODUCTION 

1.1 Cyclosporine A 
Cyclosporine A (ciclosporine A, ciclosporin A, cyclosporin A, CsA) is a cyclic 

undecapolypeptide containing 11 amino acids and its molecular weight is 1202.6 Da. 

It is originating from the fungus Tolypocladium inflatum Gams, from Hardanger Vidda 

in southern Norway [1] and it is a potent immunosuppressant. It is used to prevent 

rejection of transplants after organ transplantation. CsA is also used to prevent 

rejection of transplant after bone marrow transplantation and in the treatment of 

graft-versus-host disease (GVHD) [2]. 

 
Figure 1 The molecular formula of cyclosporine A; C62H111N11O12. 

 

Clinical response does not correlate well with administered dose and the use of CsA 

is further complicated by incomplete and erratic absorption, which contributes to 

high inter- and intra patient pharmacokinetic variability. CsA also have a narrow 

therapeutic range [3]. For these reasons careful attention to the CsA concentration in 

blood is essential for optimization of therapy [2]. 

 

Studies have shown that CsA inhibits the development of cell mediated reactions, 

including rejection of allograft, delayed hypersensitivity in the skin, experimental 

allergic encephalomyelitis, Freunds adjuvant arthritis, graft-versus-host-disease and 



2 

T-cell dependent antibody formation. CsA inhibits the production and release of 

lymphokines, including interleukin 2 (T-cell growth factor, TCGF), and appears to 

inhibit resting lymphocytes in G0- or early G1-phase in the cellcycle [2]. 

 

CsA exerts many side effects and some examples of these adverse reactions are renal 

dysfunction, increased risk of developing lymphoma and other malignant diseases, 

high blood pressure tremor, excessive hair growth on the face or body, high blood 

pressure, diabetes and thickening of the gum. It is also not uncommon that patients 

develop bacterial-, fungal-, viral- and parasitic infections [2]. 

CsA is distributed largely outside the blood volume. Approximately 33-47 % is in 

plasma, 4-9 % in lymphocytes, 5-12 % in granulocytes, and 41-58 % in erythrocytes. 

In plasma, approximately 90% is bound to proteins, primarily lipoproteins [2]. The 

substance is extensively metabolized but there is no major metabolic pathway. 

Elimination is primarily biliary with only 6 % of the dose excreted in the urine and 

only 0.1 % of the dose is excreted as unchanged drug. Of 15 metabolites 

characterized in human urine, nine have been assigned structures [2].  

 

CsA can be administered in combination with other immunosuppressants e.g. 

sirolimus. Longoria et al. [4] and Kimball et al. [5] have shown that combining 

sirolimus with tacrolimus or cyclosporine gives a better immunosuppressive effect 

than using the drugs separately. 

 

In Sweden the drug is sold under the names Sandimmun® and Sandimmun Neoral®, 

where the latter is a micro emulsion formulation of CsA considered having better 

absorption characteristics than Sandimmun® [6]. 
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1.2 Therapeutic drug monitoring  
The purpose of therapeutic drug monitoring (TDM) is to optimize drug therapy in 

individual patients and the way to do this is different for different type of drugs. 

Optimization can be achieved by minimizing the probability of toxicity or increasing 

the probability of the desired therapeutic effect. Drugs that do not produce toxicity 

at dosages or concentrations close to those required for therapeutic effects will 

usually not require concentration monitoring. For such drugs it is common to use 

dosages high enough to ensure therapeutic concentrations because toxicity is of little 

concern. Drugs that frequently produce toxicity at dosages close to those required 

for therapeutic effects are the medications most commonly monitored and for which 

commercial assays usually are available. With such drugs, the target concentration 

range is usually narrow, necessitating relatively precise selection of drug dosage and 

schedule. 

 

According to Johnston and Holt [7] a drug that is a suitable candidate for TDM must 

satisfy the following criteria: 

1. There should be a clear relationship between drug concentration and effect. 

2. The drug should have a narrow therapeutic index. This means that the 

difference in the concentrations causing therapeutic benefit and those 

causing adverse events should be small. 

3. There should be considerable between-subject pharmacokinetic variability 

and therefore a poor relationship between dose and drug 

concentration/response. 

4. The pharmacological response of the drug should be difficult to assess or to 

distinguish from adverse events. 

CsA satisfies all four of these criteria. 

 

The analytical methods used for TDM must be selective, which means that the 

method has to differentiate and quantify the analyte in the presence of other 

components in the sample. They should also be accurate; the test result obtained by 

the method should be close to the true value (concentration of the drug). 
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1.3 Determination of Cyclosporine A in whole blood 
Today there are several analytical methods available for the determination of CsA; 

immunoassays (IA), fluorescence polarization immunoassay (FPIA), microparticle 

enzyme immunoassay (MEIA), enzyme multiplied immunoassay technique (EMIT), 

radioimmunoassay (RIA), cloned enzyme donor enzyme-linked immunosorbent 

assay (CEDIA), high-performance liquid chromatography with ultraviolet-detection 

(HPLC-UV) and LC-MS/MS [8]. Highly automated immunoassays are the most 

widely used methodology for routine monitoring of immunosuppressive drugs, such 

as CsA [9]. Specific LC-MS/MS methods are emerging as practical alternatives to 

immunoassays.  

 

 

Figure 2 Typical data for the measurement of CsA in a pooled whole blood sample from liver 

transplant patients receiving CsA. The data are drawn by an analytical method as a box and whisker 

plot. The x-axis represents the CsA-concentration in µg/L. The default boxplot consists of a box, 

whiskers, and outliers. The line drawn across the box is the median. The lower edge of the box is 

drawn at the first quartile (Q1, the 25 th percentile) and the upper edge at the third quartile (Q3, the 

75 th percentile). The number of results for each method are shown in parentheses. Data: National 

External Quality Control Scheme (NEQAS), 2009, (Analytical Services International Ltd., Caterham, 

UK) 

 

Immunoassay-based methods are easy to perform but they have some drawbacks; 

the cost for analysis is relatively high, they often have a lower level of quantification 

(LLOQ) that is not low enough and the high level of quantification is often not high 

enough which requires dilution and reanalysis. This can lead to dilution errors. Holt 

et al. [10] reported of results from a proficiency testing survey where 125 laboratories 



5 

analysed a sample with high CsA concentration (2000 µg/L) and their results ranged 

from 1082 to 3862 µg/L. The authors suggested that the large variability may have 

been in part due to a lack of on-site validated dilution guidelines. As mentioned 

earlier, CsA undergoes an extensive metabolism and some of these metabolites 

cross-reacts with IA´s, thus influencing the analysis result. 

 

According to Holt and co-workers in 2000 [10] the commercially available analytical 

methods differ in their accuracy and specificity for the measurement of the parent 

CsA molecule in any one sample and the difference between two methods could be 

as much as 57 %. The authors also noted that this between-method difference was 

not constant and could be much larger, depending on factors such as transplant type, 

the time after transplantation, and liver function. 

 

1.3.1 The CYCLO-Trac® SP Whole Blood Radioimmunoassay from 
DiaSorin  

The CYCLO-Trac® SP from DiaSorin, which is currently used for determination of 

CsA in whole blood at the department of Clinical Chemistry at the Central Hospital 

in Karlstad, is an assay that uses a specific monoclonal antibody that binds only to 

CsA. According to the manufacturer it demonstrates no significant cross-reactivity 

with CsA metabolites [11]. CsA in calibrators, samples and controls are extracted 

with methanol and the extracts are then combined with iodine-125 labelled 

cyclosporine tracer and a reagent called Anti-CYCLO-Trac Sp ImmunoSep. Iodine-

125 is radioactive isotope of iodine and emits gamma-rays. The samples are 

incubated for one hour and then centrifuged and decanted. The ImmunoSep reagent 

contains the monoclonal anti-CsA-antibody and a second antibody which binds to 

the antibody-CsA complexes causing them to precipitate. The amount of 

radioactivity is then counted in a gamma scintillation counter (the Wallac 1470 

Wizard automatic gamma counter from Perkin Elmer). The amount of radioactivity 

remaining in the pellet is inversely proportional to the concentration of CsA found in 

the sample. It takes approximately 4 hours to analyse 10 patient samples, calibrators 

and controls. 
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1.3.2 LC-MS/MS methods for determination of Cyclosporine A in whole 
blood 

There are many LC-MS/MS methods for determination of CsA in whole blood 

described in the literature [12-21], some authors report on methods for simultaneous 

analysis of several immunosuppressant drugs (sirolimus, everolimus, tacrolimus and 

CsA) in whole blood [13-15]. Bogusz et al. [19], Volosov et al. [21], and Hatsis and 

Volmer [20] present LC-MS/MS methods for the simultaneous determination of 

CsA, tacrolimus and tirolimus in whole blood. 

The advantages of LC-MS or –MS/MS quantification over techniques such as 

immunoassays or HPLC with ultraviolet (UV) detection include, according to 

Poquette and co-workers [22], enhanced selectivity, lower detection limit, higher 

throughput, and lower cost per sample. Oellerich and Armstrong [9] mean that LC-

MS/MS is generally accepted as the technique of choice for the analysis of 

immunosuppressants because of its selectivity, sensitivity and flexibility. 

Biological matrices are complex mixtures and they often have high salt and protein 

content. Sample preparation is thus necessary prior to chromatographic or mass 

spectrometric analysis. Some of the reported methods use different protein 

precipitation protocols using zinc sulphate followed by acetonitrile [23] or methanol 

[19]. These reagents are sometimes premixed [24]. In some cases are the proteins 

precipitated using only acetonitrile [20, 21]. Some use protein precipitation followed 

by solid phase extraction (SPE) for sample cleanup [25, 26] while others use liquid-

liquid extraction (LLE) [27]. 

Until recently, because of the lack of commercially available isotope-labeled CsA, 

most reported methods use structural analogs of CsA as internal standards; 

cyclosporine C [18, 26, 28], cyclosporine D [12, 15, 28], and cyclosporine G [22]. 

Because of restricted availability of CsA analogs some methods use ascomycin [12, 

14, 20]. Salm et al. [16] used in 2005 d12-CsA which they received as a gift from 

Novartis Pharma. 
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1.3.3 Comparisons of LC-MS or –MS/MS with some of the available 
methods for the analysis of Cyclosporine A 

HPLC, when well validated, has for a long time been considered the reference 

method for the specific measurement of CsA [27, 29, 30]. Taylor compared HPLC-

with UV detection to LC-MS/MS and came to the conclusion that the two methods 

could be used interchangeably, HPLC= 0.998 x LC-MS/MS+10.0 [26]. 

Simpson and co-workers [18] and Salm and co-workers [16] have also reported that 

the two methods show very good agreement.  

 

Using the data (January 2008 to August 2009) from the National External Quality 

Control Scheme (NEQAS), (Analytical Services International Ltd., Caterham, UK) 

one can see that the LC-MS/MS laboratories show good agreement with the target 

concentration, see figure 3.  
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Figure 3 Agreement between the average of participating LC-MS/MS users and target concentration 

in the National External Quality Control Scheme (NEQAS). 

Equation: LC-MS/MS = 1.0081 x Target conc + 8.6229 (r2=0.9975), n= 42. 

(Constructed from data from the National External Quality Control Scheme (NEQAS), 2008 to 

august 2009, Analytical Services International Ltd., Caterham, UK) 

 

The use of CYLO-Trac SP® for analysis of CsA has been decreasing; it is thus 

difficult to find data on comparisons of LC-MSMS and the RIA-method. There is 

however several comparisons to HPLC published. HPLC, as mentioned earlier, is 

considered to be reference method, and these comparisons will therefore be 

reviewed. 
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Holt and co-workers reported in 1990 of a mean overestimate of CsA measured with 

the CYCLO-Trac SP® method when compared to HPLC of around 25 % [31]. The 

calibration of the CYCLO-Trac SP® assay has been questioned [29], the assay 

seemed to yield results more similar to HPLC when using in-house manufactured 

calibrators compared to using the calibrators supplied with the kit. McBride and co-

workers [30] noted an overall bias of +26 % when comparing the RIA to HPLC, 

transplant type unconsidered, with the highest bias of +40 % in paediatric renal 

transplant recipients. 

 

Using the data (January 2008 to August 2009) from the National External Quality 

Control Scheme (NEQAS), (Analytical Services International Ltd., Caterham, UK) 

one can see that the CYCLO-Trac SP® laboratories overestimates the CsA-

concentrations approximately 25 %, see figure 4. 
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Figure 4 Agreement between the average of participating CYCLO-Trac SP users and target 

concentration in the National External Quality Control Scheme (NEQAS).  

Equation: CYCLO-Trac SP® = 1.246 x Target concentration – 10.78 (r2=0.9915), n= 42. 

(Constructed from data from the National External Quality Control Scheme (NEQAS), january 2008 

to august 2009, Analytical Services International Ltd., Caterham, UK) 
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1.4 Sample considerations for CsA 
The CsA is distributed between plasma and red blood cells (erythrocytes) and at 

physiological temperature about 58 % of the parent drug is associated to the cellular 

content of red blood cells [32]. The binding of CsA to erythrocytes is temperature 

dependant and CsA partitions increasingly to the erythrocytes when the temperature 

of the blood is lowered to room temperature. The plasma-to-blood ratio of CsA as 

measured by radioimmunoassay (RIA) increases from 1.5 – 3.0 at body temperature 

to 2.5 – 10 at room temperature [33]. The relation between concentrations of CsA in 

whole blood and plasma is also hematocrit dependant and the hematocrit often 

varies significantly during the first months after organ transplant [34, 35]. The 

hematocrit is the proportion of blood volume that is occupied by red blood cells. 

The relative concentration of parent CsA associated with plasma of whole blood 

decreases when the hematocrit increases. 

 

Whole blood is therefore the preferred matrix for CsA determinations and ethylene 

diaminetetraacetic acid (EDTA) is the preferred anticoagulant [27]. EDTA works by 

binding the calcium ions and thus blocking the coagulation cascade.  

Heparinized blood should not be used since these samples often produce small clots, 

which results in a non-homogenous sample [27]. This is especially the case when 

samples are allowed to stand for prolonged periods of time prior to analysis or are 

subjected to freezing and thawing. 

 

1.5 Validation of bioanalytical methods 
The quantitative determination of pharmaceuticals in biological samples is 

commonly called bioanalytical sample analysis. A bioanalytical method is a set of 

procedures involved in the collection, processing, storage and analysis of a biological 

matrix for a chemical compound. A bioanalytical method should allow the 

quantification of drugs and their metabolites in biological matrices, e.g. whole blood, 

plasma, urine and cerebrospinal fluid, and it must be validated with respect to its 

reliability for the intended use [36].  

There are some international guidelines available regarding validation of new 

bioanalytical methods [37, 38] and these recommend the following parameters to be 
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included in the validation: selectivity, accuracy, precision, calibration model 

(linearity), range of measurement, robustness (ruggedness), stability, matrix effects, 

and carry-over. 

 

The selectivity can be defined as “the ability of the bioanalytical method to measure 

unequivocally and to differentiate the analyte(s) in the presence of components, 

which may be expected to be present” [37]. Typically these components might 

include metabolites, impurities, degradants, matrix components, etc. [39]. 

 

The accuracy of a method is affected by systematic (bias) and random (precision) 

error components [40]. 

 

Precision is the closeness of agreement (degree of scatter) between a series of 

measurements obtained from multiple sampling of the same homogenous sample 

under prescribed conditions. It is usually measured in terms of imprecision expressed 

as an absolute or relative standard deviation [41]. 

 

Calibration is fundamental to achieving consistency of measurement and the quality 

of data is highly dependent on the calibration curve used to generate it. Calibration 

often involves establishing the relationship between an instrument response and one 

or more reference values, and linear regression is one of the most frequently used 

statistical methods in calibration. Calibrators should be matrix-based and cover the 

whole concentration-range [41, 39]. Most guidelines recommend five to eight 

concentration levels [39, 42], evenly spaced across the range [40].  

 

For many bioanalytical methods the concentration ranges are usually rather broad 

e.g. 1-100, 1-1000 or even wider [43]. In broad calibration ranges even relatively 

small deviations from an assumed model, e.g. a straight line, can lead to significant 

errors in the predicted concentrations at the extremes of the calibration range [40]. 

Homoscedasticity is the condition when the data have standard deviations that are 

same at all concentrations. The error at the low end of the curve is similar to the 

error at the high end of the curve. In this case unweighted linear regression is 

appropriate.  
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If the data is heteroscedastic, the standard deviation increases with concentration and 

the error is more or less proportional to the concentration. In such cases weighting is 

usually beneficial and should be tested for improved curve performance.  

 

The Food and Drug Aministration (FDA) recommends in their guideline for 

bionalytical method validation [37] “selection of weighting and use of a complex 

regression equation should be justified”. Statistical proof that the best weighting is 

used is thus needed. The FDA guideline also state: “standard curve fitting is 

determined by applying the simplest model that adequately describes the 

concentration-response relationship using appropriate weighting and statistical tests 

for goodness of fit”. 

 

The lower limit of quantification (LLOQ) is the lowest amount of an analyte in a 

sample that can be determinated with suitable precision and accuracy [39]. The 

acceptance criteria at LLOQ are 20 % R.S.D: for precision and ± 20 % for bias [39]. 

The LLOQ can also be estimated using the signal-to-noise (S/N) ratio [42] and is 

usually required to be >10. 

 

The limit of detection (LOD) is the lowest concentration of analyte that can be 

detected and the most common way to define it is by using the signal-to-noise ratio 

of 3:1 [42]. 

 

The upper limit of quantification (ULOQ) is the maximum concentration of an 

analyte in a sample that can be quantified with acceptable precision and accuracy. In 

general the ULOQ is identical to the concentration of the highest standard [39]. 

 

The robustness (ruggedness) of an analytical method is a measure of its ability to 

remain unaffected by small variations in assay parameters (e.g changes of pH values, 

mobile phase composition, temperature etc.) and provides an indication of its 

reliability during regular usage. Full validation must not necessarily include 

assessment of robustness, but it should be performed if a method is to be transferred 

to another laboratory [40]. 
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Recovery can be calculated as the percentage of the analyte response after sample 

preparation compared to that of a solution containing the analyte at the theoretical 

maximum concentration [41]. 

 

The stability has been defined as “the chemical stability of an analyte in a given 

matrix under specific conditions for given time intervals” [37]. A full validation of a 

method can include stability experiments for the various stages of analysis including 

storage prior to analysis. 

 

It is important to study matrix effects in the validation of a quantitative LC-MS/MS 

assay [37, 44]. The ways to study matrix effects are described in “1.9 Matrix effects”. 

 

Carry-over is a common analytical problem and can compromise the accuracy of an 

assay.  

 

1.6 Liquid Chromatography (LC) 
Chromatography is a general term for describing the separation of mixtures into 

individual components by causing them to pass through a column of a solid or 

liquid. In LC separation of components in a mixture is achieved by the distribution 

of the components between two phases, the stationary phase and the liquid mobile 

phase, where the stronger binding of a molecule to the stationary phase results in 

longer retention time and vice versa. The sample is first dissolved in a solvent, and 

then forced to flow through a chromatographic column under high pressure. Within 

the column, the mixture is resolved into its component parts. 

 
 

 

Figure 5 Block diagram of a HPLC-system. 
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A LC system contains the following parts: 

Sample introduction 

Solvent delivery system 

Column 

Detector 

 

1.6.1 Sample introduction 

The most frequently used method of introducing a sample into the chromatographic 

system is the fixed-loop injection valve. A sample aliquot is loaded into an external 

loop of stainless steel or PEEK tubing. The valve is then rotated so that the loop is 

flushed onto the column by the mobile phase from the pump. The valve is then 

returned to the original position and the next sample can be loaded.  

 

1.6.2 Solvent delivery system 

The most common solvent delivery system is based on the reciprocating piston 

pump which pumps the mobile phase(-s) through the system.  

 

1.6.3 Column 

The column contains the stationary phase and this is, as mentioned earlier, where the 

separation takes place. There are many types of stationary phases available, and a 

successful separation depends on the right choice of stationary phase. 

 

1.6.4 Detector 

The detector detects the compounds as they elute from the column. Different types 

of detectors can be utilized with HPLC, for example UV, fluorescence, 

electrochemical, conductivity, refractive-index, and mass spectrometer detectors. 
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High vacuum 

1.7 Mass Spectrometry (MS) 
Mass spectrometry is an analytical tool used for measuring the molecular mass of 

substances in a sample. In a mass spectrometer gas phase ions are separated 

according to their mass to charge ratio (m/z). This can be used to characterize and 

identify compounds, to detect trace-level components, and to measure their 

concentration in complex matrices. A MS is operated by a data system which allows 

system control and acquisition of data. The MS consists of four parts: 

 

Sample inlet 

Ionisation source 

Mass analyzer 

Detector 

 

 

 

Figure 6 Block diagram of a mass spectrometer with atmospheric pressure ionization (API), such as 

electrospray ionization. 

 

1.7.1 Sample inlet 

The method of sample introduction to the ionisation source depends on the 

ionisation method being used, as well as the type and complexity of the sample. The 

sample can either be inserted directly to the ionisation source, or undergo some kind 

of chromatography before entering the source. The latter method of sample 

introduction usually involves the mass spectrometer being coupled directly to HPLC, 

gas chromatography (GC) or capillary electrophoresis (CE). The sample is in these 

cases separated into a series of components which enters the MS sequentially for 

individual analysis. 

 

 
Sample inlet 

 
Ionisation 
source 

 
Mass analyzer 

 
Detector 



15 

1.7.2 Interfacing HPLC and MS 

Interfacing a HPLC system with a mass spectrometer is not trivial. HPLC and MS 

are incompatible techniques and cannot be linked directly, an interface must be used. 

The primary purpose of the interface is to remove the mobile phase and generate gas 

phase ions. The major incompatibility between HPLC and MS is that the HPLC 

mobile phase is a liquid, often containing a considerable proportion of water, which 

is pumped through the column at a flow rate of typically 0.5 mL/min, while the mass 

spectrometer operates under the condition of high vacuum, at a pressure of around 

10-6 torr (1.33322 x 10-4 Pa). It is therefore not possible to pump the eluate from the 

column directly into the source of a mass spectrometer and an important function of 

any interface is the removal of all or a significant portion, of the mobile phase.  

 

1.7.3 Ionisation source 

The ion source makes ions from the sample molecules and the ionisation method 

used depends on the type of sample being analysed and on the type of MS used. 

There are different types of ionisation techniques; for example electrospray (ESI), 

atmospheric pressure chemical ionisation (APCI), atmospheric pressure photo 

ionisation (APPI) and general rules to choose between these can be given. 

When dealing with compounds which are ionic or very polar and thermo labile, or 

have masses higher than 1000 Da ESI is preferred. If the compound is not very polar 

APCI is used and APPI is chosen when the compounds of interest cannot be ionised 

with APCI or ESI. In this work ESI is used as ionisation technique and it became 

commercially available in 1988 [45]. 

 

The effluent from the HPLC is coupled to the electrospray probe, a metallic capillary 

around which nitrogen is flowing at atmospheric pressure, maintained at high 

voltage. The liquid stream breaks up with the formation of highly charged droplets 

which are desolvated as they pass through the atmospheric-pressure region of the 

source towards a counter electrode. Desolvation is assisted by a stream of drying gas, 

usually nitrogen, being continuously passed into the spraying region. Analyte ions are 

obtained from these droplets which then pass through two differentially pumped 

regions into the source of the mass spectrometer. 
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Figure 7 The Z-spray source for ESI. The probe is perpendicular to the sampling cone, which is 

protected by a cone gas flow. A voltage is applied between the probe tip and the sampling cone. The 

sampling cone is held at low voltage (typically 20 V), while the voltage on the capillary is much higher 

(typically 1.5 – 3 kV). The second extraction cone is also perpendicular to the ion beam. This so called 

“ZSpray” geometry, according to the manufacturer, protects the optics against non-volatile material 

and non-ionised molecules. Ion desolvation is achieved by a heated nitrogen flow close to the probe 

and by the cone gas. The source block is also heated, for final desolvation.  

 

Since ionization takes place directly from solution, thermally labile molecules may be 

ionized without degradation. In 2002 the inventor of electrospray, John B. Fenn, 

received a shared Nobel Prize in chemistry for his work on the analysis of bio 

molecules by mass spectrometry, specially utilizing electrospray [46].  

 

1.7.4 Mass analyzer 

The mass analyzer separates the ions formed in the ionisation source based on their 

mass-to-charge ratio (m/z). There are several kinds of analyzers, and in bio-analysis, 

the quadrupole, the time-of-flight (TOF), and the ion-trap are the most common 

ESI probe 
 
From colum 
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Isolation valve 
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analyzers. The quadrupole mass analyzer consists of four parallel rods and a 

combination of radio frequency (RF) and direct current (DC) voltages is used to 

operate the quadrupole as a mass filter. It lets one mass pass through at a time and it 

can scan through all masses or sit at one fixed mass. Ions with the correct m/z 

(resonant ions) can pass the quadrupole, while ions with the wrong m/z 

(nonresonant ions) become deflected. 

 

 

Figure 8 Schematic figure of a quadrupole.  

 

1.7.5 Detector 

Once the ions are separated by the mass analyzer, they reach the ion detector, which 

generates a current signal from the incident ions. The signal is then transmitted into 

the data system where it is recorded in the form of mass spectra. The m/z values of 

the ions is plotted against their intensities to show the number of components in the 

sample, the molecular mass of each component, and the relative abundance of the 

components in the sample. The most common type of detector is the electron 

multiplier. 

 

1.8 Tandem mass spectrometry 
Tandem mass analysis is the ability of the analyzer to separate different molecular 

ions, generate fragment ions from a selected precursor ion, and then mass measure 

the fragmented ions. 

Resonant ion 

Nonresonant ion 
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           MS1                              Collision cell                               MS2 

 

 

 

 

Figure 9 Schematics of a tandem mass spectrometer. 

 

Typically tandem MS experiments are performed as follows:  

The first quadrupole (MS1) is used to select an ion (precursor ion), which then is 

fragmented in the collision cell (hexapole). The fragmentation is accomplished by 

accelerating the ions in the presence of a collision gas (argon or nitrogen). Different 

degrees of fragmentation can be achieved by varying the energy of the collision with 

the gas. The second quadrupole (MS2) then analyses the fragments of interest. 

 

Multiple Reaction Monitoring (MRM) 

MRM works by simultaneously monitoring for multiple precursor ions by quickly 

scanning different mass-to-charge ratio values that correspond to (for example) a 

drug, its metabolite and internal standard (MS1). Since it is possible that other 

molecules have the same m/z value, an additional confirmation step is performed 

with MRM where the identity of the precursor ion is confirmed by also monitoring 

fragments specific to that precursor ion (MS2). The quadrupoles are static and 

monitor only two ions. The data is usually viewed as a chromatogram. 

 

1.9 Matrix effects 
Although the LC-MS/MS technique is a powerful technique for determination of 

drugs and metabolites in biological samples and considered to be highly selective and 

precise, it can be affected by matrix effects, which can be a serious problem [44, 47].  

There is limited knowledge of its origin and mechanism and it has a negative effect 

on detection capability, precision and accuracy [48]. It is assumed to originate from 

the competition between an analyte and the coeluting, undetected matrix and/or 

mobile phase components reacting with primary ions formed in the LC-MS/MS 

 
Precursor Ion 

 
Fragment Ion 
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interface [47]. Depending on the environment in which the ionization and ion 

evaporation take place, this competition may effectively decrease (ion suppression) 

or increase (ion enhancement) the efficiency of formation of the desired analyte ions 

present at the same concentrations in the interface. Different mechanisms of ion 

suppression have been proposed, most of which are specific to the ionization 

technique used [48]. 

 

Kebarle and Tang [49] described the matrix effect phenomenon in 1993 as the result 

of coeluted matrix components, affecting the detection capability, precision or 

accuracy for the analytes of interest. Coeluting substances can affect the extent of 

analyte ionization, if this change is observed as a loss in response the term ion 

suppression is used. Depending upon the type of sample, it can also be observed as an 

increase of the response of the desired analyte; ion enhancement [47]. 

Buhrman et al. [50] introduced the term ion suppression in 1996 and gave it a 

quantitative definition:  

 
 Ion Suppression= (100-B)/(A x 100) 

 

Where A and B represents the unsuppressed and suppressed signals respectively. 

However, Buhrman and co-workers did not consider the potential for ion 

enhancement and to account for both ion suppression and ion enhancement and to 

avoid negative values in the case of ion enhancement, the ratio (B/A x 100) is 

defined as a matrix effect by Matuszewski and co-workers [47]. 

 

 Matrix effect= (B/A x 100) 

Where A and B represents the unsuppressed and suppressed signals respectively. 

 

There are many sources of matrix effects in bio-analysis, including endogenous 

substances from the sample matrix, components in the mobile phase, as well as 

molecules deriving from contaminations during sample preparation [51]. Of the 

endogenous substances, the phospholipids are the greatest source of matrix effects. 

When dealing with plasma or whole blood samples and using protein precipitation 

for sample preparation, the phospholipids remain in high levels after clean-up [52].  
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There is a large variety of phospholipids found in whole blood and plasma; it is thus 

not very practical to monitor all of these individual components. The large number 

of required transitions would decrease the method’s sensitivity significantly. An 

“indirect” procedure of monitoring matrix effects caused by lysophospholipids and 

phospholipids was described by Ismaiel et al. [53] and by Little and co-workers [52]. 

The principle of this procedure is to utilize in-source collision induced dissociation 

(CID) to yield a common fragment ion (trimethylammonium-ethyl phosphate ion; 

m/z 184). The lysophospholipids also form a fragment with m/z 104.  

Monitoring of m/z 184 can thus be used to indirectly monitor matrix effects from 

both phospholipids and lysophospholipids in LC-MS/MS analysis without significant 

sensitivity loss. 

 

 
Figure 10 Schematic figures of A) phospholipid, R= fatty acid ester and B) lysophospholipid. R= 

fatty acid ester.  

 

Annesley stated in 2003 that whenever mass spectrometric methods are developed in 

clinical laboratories, ion suppression studies should be performed using expected 

physiologic concentrations of the analyte under investigation [44]. It is thus very 

important to investigate matrix effects in different kind of sample types; for example 

uremic, icteric, lipemic, haemolytic and normal samples. 

 

Improving the sample preparation and chromatographic selectivity are the two most 

effective ways of circumventing ion suppression. The chromatographic conditions 

can sometimes be adjusted so that the analyte peaks not are eluting in regions of ion 

suppression [54]. There are other things that can be done besides changing sample 
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preparation or chromatographic method; change the ionization mode; switching 

from positive to negative mode can reduce the extent of ion suppression. APCI is 

less prone to ion suppression, compared to electrospray ionisation, using this 

technique can reduce the ion suppressing effect [55]. It is also important to make the 

proper choice of mobile phases. Diluting of the sample or reduce the volume of 

sample being injected, reduces the amount of interfering compounds. 
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2. AIM OF THIS THESIS  

The aim of this thesis was to develop and validate a liquid chromatography-tandem 

mass spectrometry method for analysis of cyclosporine A in whole blood. 

The method was to be used in routine at the department of clinical chemistry at the 

Central Hospital in Karlstad, thus replacing the CYCLO-Trac® SP assay from 

DiaSorin which is the current method for CsA-determinations. 

 

The laboratory wishes to use the LC-MS/MS method since it is expected to offer 

several advantages in comparison to the currently used method: 

The LC-MS/MS method is expected to have a broader range of 

measurement compared to currently used method. 

LC-MS/MS is more specific than the currently used anti-body based assay, 

due to the lack of cross-reactivity with metabolites. 

Reduction of the time for analysis. 

Reduction of the cost per sample; the reagent used in the CYCLO-Trac® 

assay is relatively expensive.  

There is no need for radioactive isotopes (iodine-125 is used in the RIA-

method). The use of radioactive isotopes is regulated by law and the use of 

radioactive isotopes presents a health risk. 
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3. MATERIALS AND METHODS 

3.1 Chemicals 
LC-MS grade methanol and analytical grade formic acid were purchased from Fisher 

Scientific (Fait Lawn, NJ, USA). Ammonium acetate and zinc sulphate heptahydrate 

were from Sigma-Aldrich (Sigma-Aldrich Co, St. Louis, MO, USA). Deionised water 

was obtained from a Millipore Milli-RX 45+ water purification system (Millipore, 

Billerica, MA, USA). CsA was obtained from Sigma Aldrich (Sigma-Aldrich Co, St. 

Louis, MO, USA). CsD was kindly provided by Dick Nelson, Department of Clinical 

Chemistry, Helsingborg Hospital, Sweden. Deuterated CsA (d12-CsA) was received 

from Alsachim (Alsachim, Strasbourg, France).The nitrogen used in the mass 

spectrometer was delivered by a nitrogen generator from Parker (Parker Hannifin, 

Cleveland, OH, USA) and the argon used as collision gas in the MS was from Air 

Liquide (Air Liquide, Paris, France). 

 

3.2 Whole blood samples 
Whole blood samples, collected in Vacuette Tubes from Greiner (Greiner Bio-one 

International Ag, Kremsmünster, Austria) containing EDTA as anti-coagulant, from 

100 transplanted patients undergoing CsA-therapy were used. The samples were 

collected for routine determination of CsA. External controls from NEQAS 

(Analytical Services International Ltd., Caterham, UK) were also analysed and the 

results were compared to the published values. For matrix-effect, recovery, and 

process efficiency studies CsA-free whole-blood samples (EDTA-treated) from 

patients not undergoing CsA-therapy was used. 

 

3.3 CsA-stock solution 
A CsA-stock solution (700 mg/L) was prepared by dissolving 1.4 mg CsA in 2 mL 

methanol. For tuning the MS a solution of CsA (10 mg/L) in mobile phase (2 mM 

ammonium acetate and 0.1 % (v/v) formic acid made up in deionised water) was 

used. The CsA-stock standard (700 mg/L) was also used for spiking samples for 

recovery tests and in the matrix-effect studies. 
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3.4 Sample analysis by RIA 
For comparative purposes the patient samples and external controls analysed with 

the LC-MS/MS method were also analysed with the routine method for CsA used at 

the laboratory, the radioimmunoassay (RIA) CYCLO-Trac® SP from DiaSorin 

(DiaSorin S.p.A, Saluggia (Vercelli), Italy). The analyses were performed as part of 

the routine work according to the standard operating procedure employed at the 

laboratory. 

 

3.5 Internal standards and calibrators  
For calibration commercially available calibrators (6+1 Multilevel Calibrator set) 

from Chromsystems (Chromsystems Inc., Munich, Germany) were used. All 

calibrators were, after reconstitution with 2.0 mL deionised water, aliquoted into 400 

µL portions in screw-capped polypropylene vials and stored at -20 °C. The 

calibrators were thawed in room temperature prior to use and each thawed vial was 

used for one week and stored at 5 °C. The concentrations of calibrators were as 

follows:  

 

Table 1 Concentration of the calibrators used in the LC-MS/MS method 

Calibrator CsA (µg/L) 

1 44.6 

2 108 

3 261 

4 443 

5 706 

6 1786 

blank 0 

 

 

Stock internal standard solutions 

Two different internal standards were evaluated; the CsA-analogue CsD and 

deuterated CsA (d12-CsA). Individual stock solutions were made by weighing and 

dissolving 6 mg CsD in 5 mL methanol, the d12-CsA was shipped by the 

manufacturer in a glass vial containing 1 mg, this material was dissolved in 1 mL 

methanol without reweighing. Working stock solution of CsD was prepared by 
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diluting 50 µL stock solution with a 50:50 (v/v) mixture of mobile phase A (aqueous 

0.1 mM ammonium acetate with 0.1 % formic acid (v/v)) and B (methanol) to a 

volume of 10 mL. Working internal standard solution of CsD was prepared by 

diluting 200 µL stock solution with methanol to a volume of 50 mL. Working stock 

solution of d12-CsA was prepared by diluting 50 µL stock solution with a 50:50 (v/v) 

mixture of mobile phase A (aqueous 0.1 mM ammonium acetate with 0.1 % formic 

acid (v/v)) and B (methanol) to a volume of 10 mL. Working internal standard 

solution of d12-CsA was prepared by diluting 200 µL stock solution with methanol to 

a volume of 50 mL. 

 

 
Figure 11 Molecular structure of the two substances evaluated as internal standards. A) CsD and B) 

d12-CsA. 

 

3.6 Quality controls 
Lyphochek Whole Blood Immunosuppressant Controls (levels 1, 2, 3, 4 and 5) from 

Bio Rad Laboratories (Bio Rad Laboratories, Irvine, CA, USA) were used as quality 

controls. The controls were reconstituted with 2.0 mL deionised water, according to 

the manufacturers instructions, and then aliquoted into 400 µL portions in screw-

capped polypropylene vials. The vials were stored at -20°C. The controls were 

thawed in room temperature prior to use and each thawed vial was used for one 

week and stored at +5 °C. 

 

A B 
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3.7 Sample preparation for LC-MS/MS  
Two different sample preparation procedures were evaluated during the method 

development. Procedure A: To a 13x100 mm disposable glass tube 40 µL whole 

blood calibrator, quality control or patient sample was added, followed by 100 µL 

deionised water and vortex-mixing for 20 seconds. The proteins were precipitated 

using 300 µL of a mixture containing zinc sulphate (20 mmol/L) and the internal 

standard (20 µg/L) in methanol. After vortex-mixing for 30 seconds and 

centrifugation at 4000 rpm for 10 minutes the supernatants were transferred into 

glass vials for LC-MS/MS analysis. Procedure B: The sample preparation procedure 

described by Annesley and Clayton [19] was evaluated. To a 13x100 mm disposable 

glass tube 50 µL whole blood calibrator, quality control or patient sample was added 

followed by 250 µL deionised water, 250 µL aqueous zinc sulphate (0.1 mol/L) and 

500 µL methanol containing the internal standard (20 µg/L) without intermediate 

mixing. The samples were then vortex-mixed for 30 seconds and allowed to stand 

for 10 minutes before they were centrifuged for 10 minutes at 4000 rpm. The 

colourless supernatant was decanted to glass vials for LC-MS/MS analysis. 

 

3.8 Instrumentation and assay 

3.8.1 HPLC 

A Waters Alliance 2795 HPLC (Waters Ltd. Watford, UK) was used for the 

chromatography. Processed whole-blood samples were analyzed by gradient HPLC 

using a C18 SecurityGuardTM cartridge (4 x 2.0mm) from Phenomenex Inc. 

(Torrance, CA, USA) at a flow rate of 0.4 mL/min with aqueous 2.0 mM ammonium 

acetate with 0.1 % formic acid (v/v) as mobile phase A and methanol as mobile 

phase B. The column was maintained at 50o C and the injection volume was 30 µL. 

 

Table 2 The gradient used for the chromatography 

Time (minutes) % A % B 

0-0.4 50 50 

0.4-2.5 0 100 

2.5-3 50 50 
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3.8.2 MS 

A Quattro Micro Api tandem mass spectrometer (Waters Ltd, Watford, UK) fitted 

with a Z Spray ion source was used for all analyses. The instrument was coupled to 

the HPLC system described above and operated in electrospray positive ionization 

mode (ES+). Individual solutions of CsA (10 mg/L), CsD (10mg/L) and d12-CsA 

(10 mg/L) in a) 0.1 % formic acid and b) mobile phase A (aqueous 2.0 mM 

ammonium acetate with 0.1 % (v/v) formic acid) were infused respectively into the 

ion source by a syringe pump in order to tune and optimize the mass spectrometer. 

Before entering the mass spectrometer the solution was mixed at a T-junction with 

mobile phase. The cone voltage was optimized to maximize the intensity of the a) 

protonated ([MH]+) and b) ammoniated precursor ions ([MNH4]
+); [MH]+ (m/z 

1202.8,  m/z 1216.8, and m/z 1214.8 respectively) and [MNH4]
+ (m/z 1219.8, m/z 

1233.8, and m/z 1231.8 respectively). The collision energy was then adjusted for 

each transition to optimize signal intensity of the most abundant product ions. 

Monitoring the fragmentation of the CsA, CsD and d12 CsA ammonium adducts 

[MNH4]
+ gave the highest sensitivity and was used for all other experiments. 

 

Table 3 Tandem mass-spectrometer main working parameters 

MS Parameter CsA CsD d12-CsA 

Cone voltage (V) 25 23 23 

Collision energy (V) 22 20 22 

Dwell-time (s) 0.6 0.6 0.6 

                                                       For all the analytes 

Capillary voltage (kV) 1.70 

Cone gas (L/h) 50 

Desolvation gas (L/h) 900 

Desolvation temperature (°C) 350 

Source temperature (°C) 120 
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Analysis of the samples was performed using the multiple-reaction monitoring 

(MRM) mode of the MS with a dwell time of 0.6 s/channel, using the following 

transitions: 

 

o m/z 1219.8→1202.8 for CsA; [CsANH4]
+ → [CsAH]+ 

o m/z 1233.8→1216.8 for CsD; [CsDNH4]
+ → [CsDH]+ 

o m/z 1231.8→1214.8 for d12-CsA; [d12-CsANH4]
+ → [d12-CsAH]

+ 

 

For each analyte the ammoniated precursor ion [MNH4]
+ (m/z 1219.8, 1233.8, and 

1231.8 respectively) was selected by the first MS and subjected to collision induced 

dissociation (CID) in the collision cell, using argon as collision gas. The product 

(fragment) ions [MH]+ (m/z 1202.8, 1216.8, and 1214.8 respectively) were then 

monitored by the second MS. 

 

MassLynx NT 4.2 was used for data acquisition and system control and the data was 

processed by the MassLynx Quantify program, QuanLynx.  

 

3.9 Selection of calibration model 
Selection of calibration model was executed according to the procedure described by 

Almeida et al. [56]. 

 

3.9.1 Test of homoscedasticity 

The assumption of homoscedasticity was tested by plotting the residuals versus 

concentration and by using the F-test. 

 

Residual= yobserved - ypredicted 

 

F= S2
2/S1

2 

 

Where S1
2 and S2

2
 are the variances obtained at the lowest and highest concentration 

level of the working range. 
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Data from the validation gathered at the upper and lower end of the curve (nominal 

concentrations 44.6 and 1786 µg/L respectively) were used for this test, n=5 for 

each concentration. The tabulated F-value was obtained from the F-table at the 

confidence level of 99 % for n-1= 4 degrees of freedom. 

 

3.9.2 Choice of weighting factor 

In MassLynx the following weighting factors are available; 

1/x, 1/x2, 1/y, and 1/y2. All four weighting factors as well as unweighted linear 

regression were evaluated. The best weighting factor was chosen according to a 

percentage relative error (% RE); the regressed concentration (Cfound) calculated from 

the regression equation obtained for each weighting factor was compared with the 

nominal concentration (Cnom). 

 

% RE = (Cfound – Cnom)/Cnom x 100 

 

The % RE was then evaluated by plotting % RE versus concentration as well as by 

calculating % RE sum, defined as the sum of absolute % RE values. The best 

weighting factor was that which gave a narrow horizontal band of randomly 

distributed % RE around the concentration axis and presented the least sum of the 

% RE across the whole concentration range. 

 

3.10 Calibration curves 
Calibration curves were constructed by QuanLynx, by plotting the peak area ratio of 

CsA to the internal standard against the CsA-concentration of the calibrators. The 

line of best fit was plotted using least-square weighted (1/x) linear regression 

analysis. 

 

3.11 Linearity 
Linearity was evaluated by analysis of calibrator samples, 0 – 1786 µg/L, well 

covering the clinically relevant range n=6. 
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3.12 Limit of detection and quantification 
LOD and LOQ were assessed by injection of five blank extracts and estimated as 

three and ten times the average response respectively.  

 

3.13 Accuracy 
The accuracy of the method was assessed by analysing 30 external quality control 

samples from the UKNEQAS International Proficiency Testing Scheme and 

comparing the results with the target value and the mean of all HPLC-mass 

spectrometry methods from scheme participants. 

 

100 patient samples that came to the laboratory for routine CsA-determinations with 

the CYCLO-Trac SP® assay, were prepared and analysed with the LC-MSMS 

method. The results obtained from the two methods were compared. 42 of these 

samples were also analysed using CsD as internal standard, in order to compare CsD 

and d2-CsA as internal standards. 

 

The LC-MS/MS assay was also compared to the LC-MS/MS assay used at the 

department of clinical chemistry, Halmstad County Hospital. 45 patient samples 

were analysed in both Karlstad and Halmstad. Both assays used d12-CsA as internal 

standard. 

 

3.14 Imprecision 
Intra-assay imprecision was evaluated by preparing each level of the quality controls 

in replicates of 10 and analysing them with the LC-MS/MS method. Inter-assay 

imprecision was determined from results of the analysis of quality controls on 15 

different days. Each level was analysed two times each day.  

 

3.15 Matrix effects 
One procedure for evaluating matrix effects is described by Matuszewski et al. [47] 

and is based on the injection of three sets of sample lines. Set 1 consists of three 

standard lines constructed by using neat solutions of the analyte in mobile phase A 
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and B (50:50, v/v). The samples were prepared by adding CsA stock solution to 

mobile phase, resulting in concentrations in table 4. 50 µL of these samples were 

then diluted with 1000 µL mobile phase A and B (50:50, v/v) respectively. After 

mixing the solutions were transferred to autosampler vials and 30 µL was injected on 

the LC.  

 

Table 4 Nominal concentrations of the samples used in sample sets 1, 2, and 3 

Sample # Nominal concentration (µg/L) 

a 100 

b 200 

c 300 

 

Set 2: three standard lines were constructed in two different blank samples (pooled 

whole blood from 5 patients in each blank sample) by adding (after the preferred 

sample preparation procedure) the same amount of CsA as in set 1. Set 3: three 

standard lines were constructed in two different sample lots (same whole blood as in 

set 2) by adding the same amount of CsA as in set 1 before preparing the samples 

with the preferred procedure. The injection order was as follows; samples from set 1 

was injected first, from low to high concentration, followed by sets 2 and 3 injected 

in the same order (low to high concentration) for whole blood lot 1, followed by lot 

2. The matrix effect (ME) was calculated by comparing the absolute peak areas for 

the samples in set 1, 2, and 3. 

 

 ME (%) = B/A x 100 

 

Where A represents the peak areas obtained in the neat solutions (set 1) and B the 

corresponding peak areas for the standards spiked after extraction (set 2). 

 

Matrix effects were also assessed by using the post-column infusion technique 

described by Bonfiglio et al. [57]. Two blank whole blood samples (consisting of  

pooled whole blood from a) five normal patients and b) five patients with a plasma 

creatinine of 200 µmol/L or more) were prepared with the two sample preparation 

procedures described earlier. These samples were then injected respectively during 
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continous post-column infusion of a solution of CsA (2000 µg/L) in mobile phase A 

(2.0 mM ammonium acetate with 0.1 % formic acid (v/v)). The affected area of the 

chromatographic run was determined by comparing the chromatographic profiles for 

CsA obtained with an injection of the pre-treated blank sample and an equivalent 

injection of mobile phase. Each experiment was performed with each sample 

preparation procedure. 

 

The “indirect” procedure of monitoring matrix effects caused by lysophospholipids 

and phospholipids, described by Ismaiel et al. [53] and by Little and co-workers [52] 

was also employed. The cone voltage was set to 90 volts and the collision energy was 

set to 7 volts. The voltage in the collision cell was set low to avoid further 

fragmentation. MS1 and MS 2 were monitoring the same m/z (m/z 184). 

The fragment m/z 184 was then monitored during the analysis of some of the 

calibrators, controls and patient samples. In order to overcome the matrix effects 

observed, different flow-rates, mobile phase compositions and column temperatures 

were tested on the HPLC. 

 

3.16 Recovery 
The recovery (Re) was evaluated according to Matuszewski et al. [47]. It was 

calculated using the samples analysed in the assessment of matrix effect (see “3.15 

matrix effects”) by comparing the absolute peak areas for standards. 

 

 % Re= C/B x 100 

 

Where B represents the peak areas obtained in with the standards spiked after 

extraction (set 2) and C the corresponding areas for the standards spiked before 

extraction (set 3). 
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3.17 Process efficiency 
The overall process efficiency (PE) [28] evaluated according to Matuszewski et al. 

[47]. It was calculated using the samples analysed in the assessment of matrix effect 

(see “3.16 Matrix effects”) by comparing the absolute peak areas for standards. 

 

 PE (%) = C/A x 100= (ME x RE)/100 

 

Where A represents the peak areas obtained in the neat solutions (set 1) and C the 

corresponding areas for the standards spiked before extraction (set 3). 

 

3.18 Carry-over 
Whole blood samples containing a high concentration of CsA (2500 µg/L) and a 

sample with low concentration of CsA were prepared according to previously 

described routine. Carry-over was investigated according to Poquette et al. [22] by 

analysing in sequence a sample with low CsA-concentration (a1) in triplicate, 

followed by the sample with high CsA-content (b) followed by the sample with low 

CsA-content (a2). The same procedure was also performed using the highest 

calibrator as sample with high concentration. Percentage of carry-over (% CO) was 

calculated by subtracting the result of (a2) from the average value of (a1), dividing 

the result by the result of (b) and multiplying this result by 100. 

 

3.19 Stability study 
CsA in whole blood is stable for at least seven days at 4°C or at room temperature, 

this is well-known and has been shown in several studies [58] and was therefore not 

evaluated during this validation. 

 

The stability of extracted material in the supernatant, on-board the instrument, was 

investigated by repeated injections of the extracts of a batch of calibrators, controls 

and, patient samples, distributed into glass vials. The HPLC-injector was kept at +8 

°C. 30 µL injections were made one hour after the first analysis, then after 2, 3, 24 

and, 48 hours. The samples were processed each time with the original calibration 

curve. 
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4. RESULTS AND DISCUSSION 

4.1 Instrumentation and assay 

4.1.1 HPLC-method 

In order to analyse a molecule with mass spectrometry it needs to be ionised.  

During method validation protonated species were evaluated, the reason for this was 

to use the mobile phases already used on the instrument (0,1 % formic acid, 

methanol and acetonitrile). By using formic acid the CsA, CsD and d12-CsA forms 

the protonated species. The ammoniation of the molecules occurs when an 

ammonium acetate mobile phase is used. Since the ammoniated species were found 

to be most suitable for the analysis of CsA (see “4.1.2 MS-method”), a mobile phase 

consisting of ammonium acetate was chosen. Some authors reports the use of 

aqueous ammonium acetate and ammonium acetate in methanol as mobile phases 

[19], while others use aqueous ammonium acetate and methanol [14, 59, 60]. Keevil 

and co-workers [12] used a C18 SecurityGuardTM cartridge column from 

Phenomenex kept at 55 °C and the mobile phases consisted of 2 mmol/L 

ammonium acetate containing 0.1 % formic acid (v/v) and methanol. Their HPLC 

method was used with some modifications during the validation process. The 

column was maintained at 50 °C and the main reason for this temperature was to 

avoid having a large temperature difference compared to the other analyses on the 

instrument (which are run at 30-40 °C). Increased column temperature leads to a 

shorter retention time for the analytes, which was expected. The phospholipids are 

known to elute faster when the temperature is increased [52], but higher 

temperatures also have a negative effect on the lifetime of the column. Different 

temperatures were tested in order to achieve a better separation between the 

analytical peaks and those originating from the phospholipids. It was not possible to 

achieve separation between these peaks using the C18 SecurityGuardTM cartridge, 

probably because the column is very short. In order to achieve better separation the 

column would need to be longer, or contain another packing material or a 

combination of these two. 
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4.1.2 MS-method 

Protonated CsA, CsD and d12-CsA were quite resistant to fragmentation by collision 

induced fragmentation (CID) within the mass spectrometer at low collision energy 

(typically 20 – 25 V) and higher collision energies (typically 40-45 V) resulted in many 

fragments of low intensity. The maximum sensitivity was achieved by monitoring the 

fragmentation of CsA, CsD and d12-CsA ammonium adducts [M+NH4]
+, which 

reforms the [M+H]+ in high abundance by deamination at low collision energy.  

This has also been reported by Keevil et al. [12] who stated that using ammoniated 

cyclosporine species increases the assay sensitivity by effectively concentrating all the 

usual fragment ions observed from the fragmentation of the protonated molecule 

into a single product-ion species. The ammoniated species were used in all further 

experiments.  

 

It would be wise to monitor more than one mass transition, but under the LC-

MS/MS conditions used in this validation there was only one suitable product ion 

for CsA. All other fragment ions were of very low abundance.  
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B) 

 

 

C) 

 

 

D) 

 
Figure. 12 Collision induced dissociation mass spectrum of (A) CsA precursor ion [CsA+H]+, 

collision energy 45 V; (B) CsA precursor ion [CsA+NH4]+, collision energy 22 V; (C) CsD precursor 

ion [CsD+H]+, collision energy 45 V; (D) CsD precursor ion [CsD+NH4]+, collision energy 20 V.  
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4.1.3 Sample preparation  

The sample preparation procedure B; adding deionised water to whole blood 

calibrator, quality control and patient sample, followed by zinc sulphate and 

methanol containing the internal standard resulted, after centrifugation, in a clear and 

colourless supernatant that gave clean chromatograms without any interfering 

compounds present (figure 13). CsA and d12-CsA eluted after 2.24 minutes and the 

CsA analogue CsD eluted after 2.26 minutes. This procedure was thus used during 

the whole validation process. 

 

 

 

Figure 13 Representative MRM chromatograms of a patient sample, prepared with procedure B. The 

upper chromatogram represents CsA (transition 1219.8>1202.8), the lower represents the internal 

standard d12-CsA (transition 1231.8<1214.8) 

 

 

  
Figure 14 Representative MRM chromatograms of a patient sample, prepared with procedure B. The 

upper chromatogram represents CsA (transition 1219.8>1202.8), the lower represents the internal 

standard CsD (transition 1231.8<1214.8) 
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Zinc sulphate can be added to the methanol (as described in procedure A) but this 

often resulted in a non-homogenous solution compared to procedure B. Another 

drawback of procedure A was that samples prepared with it suffered from more ion 

suppression than those prepared with sample procedure B. One possible explanation 

for this is that the samples were more diluted in procedure B; thus diluting the 

phospholipids (and other interferents) which are a known source of ion suppression 

in MS/MS when dealing with bio-analysis. For the reasons mentioned sample 

preparation procedure A was not used in the validation process. 

 

The MS/MS responses for the commercial calibrators and controls were often ~30 

% higher than for human whole blood samples when procedure A was used. This 

has also been noted by Annesley and Clayton [19]. A likely explanation to this could 

be that the patient samples were more affected by ion suppression than the 

calibrators and controls. Although the calibrators and controls are prepared from 

whole blood, they are often purified in some way, and stabilizers and other chemicals 

are added. When using procedure B the MS/MS response for calibrators and 

controls was 15-20 % higher than for human whole blood sample. 

 

4.1.4 Evaluation of internal standards 

42 of the patent samples were analysed with both CsD and d12-CsA as internal 

standards (in separate preparations). Sample preparation was made with procedure B. 

The result of this comparison is shown in figure 15.  
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Figure 15 Comparison of CsA determinations for 42 patient samples using CsD or d12-CsA as 

internal standard. Equation of the line: y = 1.0281x + 1.2433, r2=0.9238. 
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There are some results that deviate from the regression line, which can be a result of 

matrix effects in the CsA-determination using CsD as internal standard or 

interference from CsA-metabolites in the CsD-transition. Taylor et al. hypothesize in 

their article potential interferences between CsA metabolites and the internal 

standard CsD [61]. Streit et al. [62] have shown that in-source degradation of the 

CsA-metabolite AM19 ([M+NH4-H2O]; m/z 1234) may interfere with CsD [62].This 

may affect the results, but this was not evaluated during this work. By preparing 

samples from patients receiving CsA without adding internal standard (CsD) possible 

interference in the internal standard mass transition could be detected. 

 

A differential plot (figure 16) demonstrates large differences between some of the 

samples when comparing the two internal standards. 
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Figure 16 Differential plot for the 42 samples analysed with CsD and d12-CsA as internal standards. 

The y-axis represents the absolute difference in µg/L between CsA determined with the LC-MS/MS 

assay using CsD and d12-CsA as internal standards. 

 

Most articles regarding CsA-analysis on LC-MS/MS report on using Cyclosporine 

analogs C, D or G or structural analogs such as ascomycin as internal standard. This 

is probably due to the restricted availability of stable isotope-labelled CsA which was 

discussed earlier. d12-CsA was considered most suitable as internal standard and used 

in validation of the LC-MS/MS assay.  
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4.2 Accuracy and comparison with the CYCLO-Trac SP® 
The CYCLO-Trac SP® gave, as expected, consistently lower results than the LC-

MS/MS assay. The average difference between the two methods was approximately 

30 %. When comparing the average for CYCLO-Trac SP® users participating in the 

NEQAS control scheme with the target value the average overestimation of that 

assay is approximately 25 %. Regression and differential plots are shown in figures 

17 and 18. 
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Figure 17 Linear regression line of LC-MS/MS vs. CYCLO-Trac SP®. The LC-MS/MS yields in 

average 30 % lower results than the CYCLO-Trac SP® assay.  

LC-MS/MS=0.6039CYCLO-Trac SP+5.8694. The regression coefficient r2 was 0.9133. n= 100. 
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Figure 18 Differential plot for the 100 patient samples analysed with the LC-MS/MS and CYCLO-

Trac SP® assay. The y-axis represents the absolute difference in µg/L between CsA determined with 

the LC-MS/MS assay and the CYCLO-Trac SP® assay.  
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The LC-MS/MS assay used in this validation correlated well with the LC-MS/MS assay 
used in Halmstad, which can be seen in figure 19. 
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Figure 19 Comparison of CsA (n=45) analysed in Karlstad and Halmstad with LC-MS/MS.  

The equation for the regression line was Karlstad = 0.9462*Halmstad + 3.4936 and r2= 0.9888.  

d12-CsA used as internal standard in both assays. 

 

The LC-MS/MS assay shows good agreement with the target concentrations in the 

NEQAS control scheme. The regression line is shown in figure 20. 
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Figure 20 CsA concentrations in samples from the NEQAS control scheme measured with the LC-

MS/MS assay, compared with the target value.  

The equation for the regression line was LC-MS/MS = 1.0003*target concentration - 4.49553.  

r2= 0.9958, n=30.  
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4.3 Imprecision 
The inter-assay (between day) imprecision fulfils the criteria from the Lake Louise 

Consensus Conference on Cyclosporine monitoring [63]; for a method to be 

acceptable for selective determination of the parent drug CsA the coefficient of 

variation (CV) should be <10 % at a concentration of 50 µg/L and < 5 % at 300 

µg/L. The inter-assay imprecision assessed by analysis of quality controls is 

presented in table 5. 

 

Table 5 Inter-assay imprecision (expressed as the coefficient of variation; CV) based on the analysis 

of quality controls on 15 different days. 

Control level CsA-Conc (µg/L) CV (%) 

1 79.8 4.2 

2 176.6 5.2 

3 378.6 5.3 

4 931.0 4.2 

5 1672.8 4.8 

 

The intra-assay imprecision, assessed by analysis of quality controls, was as follows: 

 

Table 6 Intra-assay imprecision (expressed as the coefficient of variation) based on the analysis of 

each level of quality control in replicates of 10. 

Control level CsA-Conc (µg/L) CV (%) 

1 80.7 5.4 

2 178.9 4.8 

3 391.2 2.3 

4 958.6 3.6 

5 1722.9 4.4 
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4.4 Selection of calibration model 

4.4.1 Test of homoscedasticity 

Data from five calibrations was used in this investigation (0-1786 µg/L). 

The plot of residuals versus concentration obtained for the five calibrations is shown in 
figure 21.  
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Figure 21 Residuals (on the Y-axis) plotted against CsA concentrations (on the X-axis); d12-CsA was 

used as internal standard, and the calibrators were prepared with procedure B. 

 
The residual plot showed that error was not randomly distributed around the 
concentration axis; an F-test was therefore made in order to test the indication of 
heteroscedasticity. 
 
 
 
Fexp= S

2
44.6/S

2
1786 

Fexp= 2985.9 

n= 5 

f1,= f2= (n-1)= 4 

Ftab(41, 42; 0,99)= 15.98 

Ftab>Fexp; the variances were significantly different, homoscedasticity was thus not 

met.  
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4.4.2 Selection of calibration model  

The % RE plots for unweighted (model 1) and unweighted (models 2-5) regression of 
the CsA assay are shown in figure 22. 
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Figure 22 Percentage of relative error (% RE) versus concentration obtained for (A) calibration 

model 1; unweighted linear regression, (B) calibration model 2; linear regression using 1/x as 

weighting factor (C) calibration model 3; linear regression using 1/x2 as weighting factor (D) 

Calibration model 4; linear regression using 1/y as weighting factor (E) Calibration model 5; linear 

regression using 1/y2 as weighting factor. 

 
The best weighting factor was 1/x since gave a narrow horizontal band of randomly 

distributed % RE around the concentration axis and presented the least sum of the 

% RE across the concentration range. 
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Table 7 Regression parameters of the calibration curve generated for each weighting factor and the 

respective sum of the relative errors. Weighting factor 1/x presents the least sum of % RE. 

Cal-model Weighting factor Σ% RE 

1 1 (unweighted) 588.4 

2 1/x 193.5 

3 1/x2 224.2 

4 1/y 200.0 

5 1/y2 232.7 

 

4.5 Calibration curve 
The calibration curve was generated by QuanLynx by using the chosen weighting 

factor 1/x (see “4.4 Selection of calibration model”) 

 

Figure 23 Calibration curve for CsA, d12-CsA used as internal standard. The instrument response is 

plotted on the y-axis and the CsA-concentration in µg/L is plotted on the x-axis. 

y=0.00548516 *x + 0.0270445, r2= 0.998871, weighting factor 1/x. 

 

The commercial calibrators used in this validation were evaluated by Annesley [64] in 

2005, who compared them to in-house whole blood calibrators and found them to 

be suitable for LC-MS/MS analysis of immunosuppressant drugs in whole blood. 

 

4.6 Linearity 
The assay was linear over the range 10 to 1786 µg/L (LOQ to the highest calibrator). 

(r2=0.9989, n=6). This linearity is compatible with the ones reported in the literature, 

and covers the clinically relevant range. Most of the patient samples has CsA-

concentrations <300 µg/L. Of all patient samples analysed at the laboratory in 2008 

(n= 887) only one sample had a concentration higher than 500 µg/L. Keevil et al. 
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[12] found the curve to be linear “over the typical working range” to 5000 µg/L. 

Salm et al. [16] reported of a linearity of 10-2000 µg/L in their LC-MS/MS assay, 

Amini and Ahmadiani [17] presented an LC-MS/MS assay with a linearity of 100-

3000 µg/L and Taylor et al. [26] 5-1000 µg/L. 

 

4.7 Matrix effects 
As mentioned in “4.1.3 Sample preparation” the ion suppression was more severe in 

samples prepared according to sample preparation procedure A than those prepared 

with procedure B. This could be expected when comparing the two procedures; the 

sample is diluted to a higher degree in procedure B compared to procedure A.  

 

Diluting the sample is a simple and usually effective way of reducing matrix effects. 

However procedure B does not produce samples entirely free from matrix effects as 

shown in figure 24. In the ion current representing the pool with high creatinine (A) 

there is a dip (ion suppression) in the area of elution of CsA and d12-CsA.  

 

 
 

Figure 24 Ion suppression profile of CsA ion current during post column infusion of 2000 µg/L CsA 

caused by A) CsA-free whole blood extract, pool consisting of five patients with plasma creatinine 

>200 µg/L, prepared with procedure B. The dip in the ion current represents the area affected by ion 

suppression; B) CsA-free normal whole blood extract, prepared with procedure B, C) mobile phase; 

and D) The total ion current (TIC) of calibrator 6 (prepared with procedure B). 
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The average matrix effect (ME) for two different lots of whole blood is given in table 

8. 

 

Table 8 Matrix effect (ME) data for two different lots of whole blood (prepared with procedure B). 

% ME is calculated as the ratio of the mean peak area of CsA spiked after extraction (set 2) to the 

mean peak area of  CsA spiked in mobile phase (set 1) multiplied by 100. A % ME larger than 100 

indicates ion enhancement while a number less than 100 indicates ion suppression. 

Nominal CsA-conc. (µg/L) Average % ME  

100 97.1 

200 91.0 

300 90.9 

 

The method is affected by some ion suppression, which also could be seen in the 

infusion experiments. 

 

Figure 25 represents MRM chromatograms of a patient sample, prepared with 

procedure B. The phospholipids, monitored by m/z 184 → 184, are shown in C. 

Some of the phospholipids co-elute with CsA and d12-CsA and could cause ion 

suppression.  
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Figure 25 Representative MRM chromatograms of a patient sample prepared with procedure B.  

A) and B) Monitoring of CsA and d12-CsA m/z 1219.8 → 1202.8 and m/z 1231.8→1214.8 

respectively, C) Monitoring of phospholipids m/z 184 → 184  
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In order to overcome the matrix effects different mobile phase compositions, flow 

rates and column temperatures was tested on the HPLC-system. The goal was to 

separate the analytical peaks from the regions suffering from matrix effects, but this 

seems hard to achieve with the sample preparation and LC-column used in this 

validation. The phospholipids seem to elute in the same region as the analyte no 

matter what composition, flow rate or temperature used. 

 

The best alternative to reduce the remaining matrix effects is probably to improve 

the sample clean up. By using solid phase extraction as sample preparation the 

phospholipids can be removed to a higher degree in the preparation step. 

Another way to circumvent the matrix effects is to use a longer column, in order to 

achieve higher chromatographic efficiency, or using another column packing, thus 

separating the suppressed regions from the analytical peaks.  

 

However; since this is a STAT-method the time for analysis has to be relatively short 

and the sample preparation needs thus to be simple. By using an isotopic labelled 

internal standard, d12-CsA, with an identical molecular structure and identical 

retention time as CsA, the internal standard and the analyte is experiencing the same 

ionisation environment. The ion suppression for CsA and d12-CsA should become 

equal if the peaks chromatographically coincide, thus “correcting” for the degree of 

ion suppression. 

 

4.8 Recovery 
The average recovery (% Re) for two different lots of whole blood is presented in 

table 9. 

 

Table 9 Recovery (Re) data; calculated as the ratio between the mean peak area of CsA spiked before 

extraction (set 3) to the mean peak area of CsA spiked after extraction (set 2) multiplied by 100. 

Nominal CsA-conc. (µg/L) Average % Re  

100 70.1 

200 63.8 

300 67.7 
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This is acceptable and similar to recoveries reported in the literature. Taylor et al. [26] 

reported of a mean recovery of 72.5 % in their LC-MS/MS method for CsA 

determinations.  

 

4.9 Process efficiency  
The overall process efficiency (PE) for two different lots of whole blood is given in 

table 10. 

 

Table 10 Process efficiency (PE) data for two different lots of whole blood. % PE is calculated as the 

ratio of the mean peak area of CsA spiked before extraction (set 3) to the mean peak area of CsA 

spiked in mobile phase (set1) multiplied by 100. 

Nominal CsA-conc. (µg/L) Average % PE  

100 65.4 

200 58.0 

300 61.5 

 

4.10 Range of measurement 
The limit of detection (LOD) was 3 µg/L and the limit of quantification (LOQ) was 

10 µg/L. They were calculated as three and 10 times the response of five injections 

of a blank extract respectively. Salm et al. [16] also reports of a LOQ of 10 µg/L in 

their LC-MS/MS method for determination of CsA in whole blood. 

 

The LC-MS/MS assay is linear to the highest calibrator; 1786 µg/L (the value is 

calibrator batch dependant), and the lowest concentrations that will be reported is 10 

µg/L. The range of measurement for the CYCLO-Trac SP assay is 20-1200 µg/L. 

The LC-MS/MS assay developed in this work has thus a wider measuring range. 

 

4.11 Carry-over 
The carry-over was 0.03 % at a CsA concentration of 2500 µ/L and 0.0016 % at the 

highest calibrator (1786 µg/L). This is similar to published data. Far from all articles 

regarding CsA and LC-MS/MS presents carry-over data, Napoli reported however in 

2006 [65] of a LC-MS/MS method for determination of CsA in whole blood, with a 
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carry-over of 0.5 % from cyclosporine A (>1000 µg/L) and 0.6 % from the internal 

standard; cyclosporine D (>1000 µg/L). Salm et al. [16] investigated the carry-over 

for their LC-MS/MS method by injecting an extract containing CsA (2000 µg/L) 

followed by five blanks and observed any potential peaks at the retention time for 

CsA. They found no significant peaks or signals (S/N <5:1) at the retention time for 

CsA or the internal standard. Ansermot and co-workers [13] also did not observe any 

carry-over effects as no residual peaks in their blank samples. Keevil et al. [12] found 

the carry-over from the 1000 µg/L calibrator to the zero calibrator to be less than 0.1 

%. 

 

The CsA concentration in patient samples is usually less than 300 µg/L; sample 

carry-over should thus not be a problem.  

 

4.12 Stability 
The stability of extracted patient samples, controls and calibrators, on-board the 

instrument was tested and they were found to be stable for at least 48 hours. 

Keevil et al. [12] found the extracted material to be stable for at least 14 hours on 

board the instrument, when kept in the refrigerated auto-sampler. Salm et al. [16] 

found the stability of extracted material to be at least 6 hours when kept at the same 

conditions as above. 

 

4.13 Throughput and economy 
The time taken to process a batch of 10 samples plus 6 calibrators and 5 controls 

was less than 2 hours. When using the CYCLO-Trac® SP method 10 samples plus 

calibrators and controls take approximately 4 hours to process. The time for analysis 

has thus been reduced by 50 %, which is of importance when results are required 

promptly (STAT-samples). The reagent used in the CYCLO-Trac® SP assay is 

relatively expensive, the cost for reagents and expendable supplies in the LC-MS/MS 

method is approximately 15 % compared to the CYCLO-Trac® SP. Streit and co-

workers estimated in 2002 [15] that switching from an immunoassay to LC-MS/MS, 
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at their laboratory, determination and CsA and tacrolimus became approximately 40 

% cheaper per test.  
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5. CONCLUSIONS 

In this work a LC-MS/MS method, using positive electrospray, for determining the 

immunosuppressive drug cyclosporine A in whole blood has been developed and 

validated. The method is straightforward and has a fast sample preparation and 

chromatography, which maximizes analysis speed. The sample preparation procedure 

is simple and does not involve costly and time-consuming chromatographic clean-up 

step.  

The assay allows 20 patient samples, plus calibrators and controls, to be analysed in 

approximately two hours, which is a halving compared to the CYCLO-Trac SP® method 

currently used at the laboratory. 17 injections can be made on the LC per hour. The 

sample preparation could easily be automated by utilizing a robot; this would reduce the 

hands-on time dramatically. The analytical performance characteristics are compatible 

with the LC-MS/MS assays reported in the literature using a similar sample preparation 

technique. The method is accurate; the analysis of external controls from NEQAS 

shows a good agreement with the target value. The imprecision of the assay fulfils 

international criteria existing for CsA-analysis and the linearity covers the clinical 

significant area of concentrations. The LC-MS/MS method correlates well to the LC-

MS/MS method used at Halmstad County Hospital. 

 

The results from the LC-MS/MS assay are, as was initially expected, lower than the 

results obtained with the CYCLO-Trac SP® method. The average bias was 

approximately 30 %. This can be explained by two things; the LC-MS/MS method is 

more specific than the CYCLO-Trac SP® method since the latter cross reacts with some 

of the CsA metabolites. When reading the cross-reactivity list for the CYCLO-Trac SP® 

assay, it seems very unlikely that cross reactivity with metabolites accounts for the whole 

bias observed. The LC-MS/MS assay shows a better agreement with the target values of 

the external controls from the NEQAS scheme than the CYCLO-Trac Sp® method, 

which shows a positive bias (of approximately 25 %) on all controls, even the samples 

spiked with CsA. If the bias between the LC-MS/MS and CYCLO-Trac SP® method 

only was related to cross-reaction of CsA metabolites the method should show results 

more similar to the target values when spiked samples are analysed. This is however not 
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the case, thus indicating a difference in calibration. Compared to the CYCLO-Trac SP® 

assay, the LC-MS/MS method has a broader range of measurement, it is possible to 

measure lower concentrations and higher concentrations can be measured without 

dilution. 

 

In this study two different internal standards was evaluated; CsD and d12-CsA. The d12-

CsA was found to be most suitable for several reasons. An isotope labelled analog of the 

analyte is always the first choice for internal standard. Since the method was found to be 

affected by some ion suppression, the use of an isotope labelled internal standard 

compensates for this. The matrix effects are thus not expected to affect the accuracy of 

the method, nor the precision since the responses observed are quite high. Ion 

suppression was affecting different sample types in different ways; samples with a high 

creatinine concentration were, as was expected, more affected, while normal samples 

were relatively unaffected. If one wants to reduce the risk of matrix effects further, a 

longer column or another stationary phase would be interesting alternatives to 

investigate. By improving the chromatography, the analyte and internal standard could 

be separated from interferents causing matrix effects. 

 

The method was implemented in routine-use on November 1 2009 at the department of 

clinical chemistry at the Central Hospital in Karlstad. Results from both the CYCLO-

Trac SP® method and the LC-MS/MS assay are reported for at least five months for the 

convenience of the customers. After this period, only LC-MS/MS results will be 

reported. 

 

It is possible to analyse other immunosuppressants, such as tacrolimus, in the same 

assay. The idea is that the immunosuppressant drugs used today could be analysed in the 

same assay if and when needed. The tacrolimus-samples are today sent by mail to 

another laboratory for analysis and by analysing those at the department of clinical 

chemistry in Karlstad the time for analysis could be significantly reduced, thus resulting 

in more effective management of patient therapy. The cost for those analyses would also 

be lowered. 
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