
 

UPTEC K15 027 

Examensarbete 30 hp 

Augusti 2015 

Design of an LC-MS/MS method for 
measuring concentrations of 
Cyclosporine A and Tacrolimus 
from dried blood spots  

 

Anna Hansson 

Karolinska Universitetslaboratoriet 



2 
 

 

Abstract 

Design of an LC-MS/MS method for measuring 
concentrations of Cyclosporine A and Tacrolimus from 
dried blood spots 
Anna Hansson 

Patients that have undergone organ transplantation are life-long treated with 
immunosuppressant drugs and these have to be monitored regularly to get the 
desired effect of suppressing the immune system. To monitor the drug 
concentration normally a venous blood sample is collected at a clinic but the use of 
dried blood spots (DBS) as a matrix for drug monitoring for immunosuppressant 
drugs will make home sampling possible for this patient group. The aim of this study 
was to develop and validate a bioanalytical method for quantifying cyclosporine A 
and tacrolimus in dried blood spots. The method consist of punching out a 5 mm 
disc from a blood spot , followed by extracting the spot in a 96-well hydrophobic 
filter plate with 150 µL extraction solution containing internal standard (ascomycin 
and cyclosporine A d12) in a methanol water solution (80:20v/v%). The extract is 
then centrifuged through the filter plate down in a 96-deep well plate and injected 
on the LC-MS/MS, with an analysis time of 2.5min. The method will be validated in 
accordance with the guidelines set by the European Medicines Agency with 
additions specific to DBS. The method is not fully validated but will be in due time. 
The validated parameters show a robust and fast analysing method that has the 
prospects of being used for analysing DBS samples for patients and in the future can 
possibly be used by patients in home environment. 
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Summary 

With more and more pharmaceuticals prescribed for different illnesses it is of importance to 
minimize the risk of adverse effects. That is why the use of therapeutic drug monitoring 
(TDM) is of interest and a growing part of the Swedish healthcare system. For monitoring the 
concentrations of drugs in a human, a venous blood sample is often taken from the patient 
at a clinic, and then transported to a laboratory to be analysed by professionals. Blood 
sampling is sometimes a time consuming and painful experience and the use of dried blood 
spots on filter paper (DBS) has the potential of being used instead of venous blood for the 
analysis. DBS is a method where a small amount of blood pricked from a finger is spotted on 
a filter paper and then left to dry in room temperature for approximately 2 hours. The 
samples will then be stored in a zip-lock plastic bag with a desiccant. The whole procedure 
can be done in a home environment by the patient himself. The DBS-cards are sent by mail 
to the nearest laboratory for analysis. The studies performed has not yet reached this stage 
of home testing but will hopefully be available in the near future. 

The aim of this project was to develop a bioanalytical method to quantify the blood 
concentrations in DBS for patients that have undergone organ transplantation and have to 
take medication to supress their immune system to minimize the risk of rejection of the 
transplanted organ. Most immunosuppressant drugs reach the desired effects in a narrow 
concentration range which means that a to high concentration increases the risks of adverse 
effects caused by the drug or a too low concentration increases the risk of rejection of the 
transplanted organ. That is why it is important to monitor the concentrations for this patient 
group. The method was developed for analysis using a liquid chromatograph coupled to a 
tandem mass spectrometer (LC-MS/MS). An LC-MS/MS contains of a column with a 
stationary phase made out of silica particles where the drug molecules will get caught and a 
mobile phase that moves throw the column. At the right conditions in the column the drug 
molecules will release from the stationary phase at different conditions of the composition 
in the mobile phase and then be transported by the mobile phase to the mass spectrometer 
(MS). The MS is an instrument that detects molecules by ionizing (charging) the molecules 
and only letting the molecule with the right mass to charge ratio pass through the MS. A 
tandem mass spectrometer (MS/MS) works in the same way but it has a collision cell that 
fragments the molecule and a more specific fragment is isolated and used for quantification. 
This gives the instrument a better selectivity and sensitivity than single mass spectrometry. 
To evaluate method performance a validation has to be performed and there are guidelines 
made for this by the European Medicines Agency but for DBS additions have to be made like 
the effect of hematocrit on the drug concentration. 

The method developed for analysis of cyclosporine A and tacrolimus in DBS samples showed 
to be both fast and robust. The method has potential for determination of blood 
concentrations in patients is in the near future and can possibly in a future be used for home 
sampling. This research can lead to monitoring of other drugs in DBS sampling instead of 
conventional methods. 
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Abbreviations 

Asc Ascomycin 

CV Coefficient of variance 

Cya Cyclosporine A 

Cya-d12 Cyclosporine A –d12 

DBS Dried blood spots 

EMA European Medicines Agency 

ER Extraction recovery 

ESI Electrospray ionization 

Hct Hematocrit 

HPLC High performance liquid chromatography 

IL-2 Interleukin-2 

IS Internal standard 

ISD Immunosuppressant drugs 

LC-MS/MS Liquid chromatography tandem mass spectrometry 

LLOQ Lower limit of quantification 

ME Matrix effect 

MeCN Acetonitrile  

MeOH Methanol 

MS Mass spectrometry 

QC Quality control 

STD Standard 

Tac Tacrolimus 

TDM Therapeutic drug monitoring 
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1. Introduction 

1.1 Background 

Therapeutic drug monitoring (TDM) of immunosuppressant drugs (ISD) for patients that 
have undergone organ transplantation is important since these drugs usually have a narrow 
therapeutic range. The common monitored ISD are cyclosporine A, everolimus, sirolimus, 
and tacrolimus. These drugs only exhibits a desirable effect in a narrow range of blood 
concentrations, with a too low concentration of the drug increasing the risk of rejection of 
the transplanted organ and a too high concentration an increasing risk of adverse effects[1–
3]. An average blood concentration for tacrolimus is 5-15 ng/mL and 100-125 ng/mL for 
cyclosporine A[4,5]. Cyclosporine A and tacrolimus are most commonly used in treating 
patients that has under gone organ transplantation but the use of everolimus and sirolimus 
is not uncommon in combination with cyclosporine A or tacrolimus. The lesser use of 
everolimus and sirolimus is that they can cause problems with the healing process after the 
transplantation and is often introduced after a couple of months in combination with 
cyclosporine A and tacrolimus [1]. 

ISDs have the pharmacological effects of reducing the lymphocyte proliferation by either 
inhibiting the Interleukin-2 (IL-2) production or action, inhibiting cytokine gene expression or 
inhibition of the purine or pyrimidine synthesis [6]. Cyclosporine A (Tolypocladium inflatum) 
is a naturally occurring compound first discovered in a fungus and it is a cyclic peptide that 
contain 11 amino acid residues (see figure 1A). The major immunosuppressant effect of 
cyclosporine A is inhibiting the IL-2 synthesis and also the possibility of decreasing the 
expression of IL-2 receptors[6]. Tacrolimus is a macrolide antibiotic of bacterial origin 
(Streptomyces) also known as FK506 (see figure 1B) and its effect is similar to that of 
cyclosporine A. The difference between these drugs is that tacrolimus binds to a different 
receptor and the complex formed is called tacrolimus-FKBP (FK-binding protein) complex 
and will inhibit calcineurin[6]. 

 
Figure 1. Structural formulas for the two analytes cyclosporine A (A) and tacrolimus (B). 

Normally the blood concentrations in patients treated with ISD are monitored in whole 
blood samples as a matrix, the downside with this is that sampling has to be done by a 
professional at a clinic. With the use of dried blood spots on filter paper (DBS) the sampling 
procedure is more flexible and does not need to be carried out by a clinician. The DBS 
method is possible to be carried out in a home environment by the patient herself. The use 
of DBS as a matrix for blood samples for analysing drug concentrations in humans and 
animals has grown since more sensitive instruments are available [7]. 
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Dried blood spots have been used for a long time in neonatal screening since it is a simple 
and minimally invasive collection method that requires no more than 50-100µL of blood 
[8,9]. There are some specific DBS-related parameters that has to be taken under 
consideration when developing and validating a DBS-based bioanalytical method. These are 
hematocrit level of the patient (Hct), the blood volume of the spot, homogeneity of the spot, 
the effects of different types of filter papers and punch location [10–13]. 

The Hct effects the area of the spot, with a high Hct the blood will spread less over the filter 
paper while a blood that has a low Hct will have an increased area and therefore will 
possibly give a effect on the concentration found when different Hct are analysed [10]. 

 
Figure 2. Dried blood spots on filter paper with different hematocrits. The spots with a higher hematocrit 60% is both 
darker and smaller than the haematocrit 20% for the same volume of blood spotted. 

In figure 2 different Hct is shown on spotted filter paper. Blood spots with different Hct will 
result in different volume of blood in a fixed diameter punch out due to the differences in 
spot sizes. The Hct may affect the blood plasma ratio for the analytes but its main effect is 
on the concentration in whole blood versus plasma concentration. For analysis of drugs 
normally analysed in plasma the transfer to analysing in DBS can be problematic since the 
concentrations may not be comparable with each other due to the blood plasma ratio [7]. 
The uncontrolled blood volume may also be a problem with DBS. Too small blood volume 
might give a bias in the concentration since the blood spots might be inhomogeneous from 
the small blood volume and a problem of wetting the filter paper completely. Larger blood 
spots are going to increase the concentration slightly as shown by Koster et al.[14] where the 
concentrations for cyclosporine A and tacrolimus increases were with in ±15% of nominal 
concentrations. 

Earlier studies for monitoring ISD in DBS has mainly analysed one drug at a time but more 
recent studies report quantification of multiple analytes in one sample [14–22]. In earlier 
studies the sample work up has been time consuming and inefficient with long incubation 
times and evaporation steps, for example by den Burger et al.[19] the sample preparation 
contained both incubation time in an ultrasonification bath, evaporation to dryness, 
reconstitution in a smaller volume combined with several transferring steps from one vessel 
to another before injection on the chromatography system. The demand of short reporting 
times for a routine analysis in a TDM-laboratory require the time spent on a sample 
preparation and analysis to be shortened and this gives new demands on methods 
developed for routine analysis while the earlier published method has a focus on research. 
The lower limit of quantification reported in previous studies is approximately 2 ng/mL for 
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tacrolimus and 10 ng/mL for cyclosporine A with small differences depending on which 
chromatographic method that has been used and how much material that is injected. 

1.2 Aim of project  

The aim of the project is to develop and validate a fast and robust quantitative analytical 
method based on LC-MS/MS to determine concentrations of the immunosuppressant drugs 
cyclosporine A and tacrolimus in DBS for future use in TDM. The validation will be done in 
accordance with the European Medicines Agency (EMA) guidelines for bioanalytical method 
validation[23]. 

2. Experimental 

2.1 Chemicals & Materials 

Tacrolimus (99%) and Cyclosporine A (99%) were purchased from LC Laboratories (Woburn, 
MA, USA). Ascomycin (99%) was purchased from Toronto Research Chemicals Inc. (North 
York, Canada). Cyclosporine A-d12 was purchased from Novartis (Basel, Switzerland). Stock 
solutions of both standards (STD) and internal standards (IS) were made in methanol (HPLC-
gradient grade) purchased from VWR International (Radnor, PA, USA). Ammonium formate 
and formic acid, both MS-grade, were purchased from Sigma Aldrich (St Louise, MA, USA). 
Milli-Q (MQ) water was produced by a Q-pod water system (MerckMillipore, Darmstadt, 
Germany). Blood for STDs and quality controls (QC) was gathered from healthy volunteers 
and anonymized leftover TDM-samples at the TDM-laboratory of Clinical Pharmacology, 
Karolinska University Hospital, Sweden. 

Filter paper used was Whatman 903 paper sheets of A4 size (GE Healthcare, Wakuesha, WI). 
A 5mm puncher for semi permeable membranes was used for making the DBS from Fluka 
(distributed by Sigma Aldrich) and punched on a Harris punching mat purchased from Sigma 
Aldrich (St Louise, MA, USA). A hydrophobic 96-well filter plate was used during sample 
preparation obtained from MerckMillipore (Darmstadt, Germany). 500 µL 96-well 
MASTERBLOCK plates were purchased from Greiner Bio-One (Kremsmünster, Austria). 
Pierceable silicon lid 7 mm was obtained from Phenomenex (Torrance, CA, USA). 

2.2 Instruments 

An orbit shaker was used for the extraction in a Hamilton Microlab Starlet (Hamilton, Reno, 
NV, USA) A liquid chromatograph tandem mass spectrometry (LC-MS/MS) system was used 
for analysis of the samples, consisting of an Accella 600 pump, a CTC-PAL autosampler 
coupled to a TSQ Quantum Ultra tandem mass spectrometer (all Thermo Scientific 
[Waltham, MA, USA]). The software used were LC-Quan also obtained from Thermo 
Scientific. The column was a reversed phase C18 column (20×2.1 mm, 1.9 µm; Hypersil Gold) 
set in a Hot Pocket column heater (both Thermo Scientific). 

2.3 Method/Procedure 

2.3.1 Stock solutions 

10 mg of tacrolimus (Tac) and cyclosporine A (Cya) were dissolved in 10 mL of methanol 
(MeOH) yielding a concentration of 1000 µg/mL for both Tac and Cya, both stock solutions 
were stored at -20°C. Suitable working solutions were made for Tac and Cya in MeOH also 
stored at -20°C. 
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IS stock solutions were made by dissolving 1mg ascomycin (Asc) in 10 mL of MeOH to a 
concentration of 100 µg/mL. 1mg of cyclosporine A d12 (Cya-d12) was dissolved in 10 mL of 
MeOH to a concentration of 100 µg/mL and the solutions were then stored at -20°C. 

2.3.2 Standards, quality control samples and extraction solution 

The working solutions for Tac and Cya were used to spike blank EDTA whole blood set to the 
Hct of 0.43 L/L to make standards (STD) and quality control (QC) samples at different levels. 
Spiking solution never exceeded 5% of the total volume. After spiking the blood it is left to 
mix for an hour to let the analytes equilibrate in the blood. 50 µL spots of the spiked blood 
were then pipetted onto Whatman 903 paper sheets A4 size and left to air dry overnight and 
then placed in a zip-lock bag with a desiccant. Eight STD and four QC levels were prepared to 
the concentrations shown in table 1. The four QC-levels were lower limit of quantification 
(LLOQ), low-, medium- and high- QC, also shown in table 1. 

The IS was prepared by diluting the stock solutions for Asc and Cya-d12 in MeOH to an 
intermediate solution of 1.5 µg/mL of Cya-d12 and 0.10 µg/mL Asc. The intermediate 
solution was diluted to an extraction solution containing 7.5 ng/mL Cya-d12 and 0.506 
ng/mL Asc in a methanol water solution with the ratio 80% MeOH and 20% H2O. 

Table 1. Concentrations of the STD and QC samples prepared for the validation of the method. (S-standard, LLOQ-Lower 
limit of quantification, LQC-Lower QC, MQC-Medium QC, HQC-Highest QC sample) 

*Only used as the lowest calibration point for Tac, S2 was used as the lowest point in the calibration curve for 
Cya. 

2.3.3 Sample preparation 

A 5 mm diameter disc was punched from the centre of the blood spot and put in a 96-well 
filter plate and a volume of 150 µL of extraction solution, MeOH:H2O 80:20 (v/v) containing 
0.51 ng/mL Asc and 7.50 ng/mL Cya-d12 was added to each well containing a filter paper 
disc The samples were then extracted using an orbital shaker at 450 rpm for 10 min. The 
filter plate was then centrifuged for 5 min at 2714 x g so that the extraction solution passes 
through the filter and down to a greiner 500 µL 96-well plate. The 96-well plate was then 
sealed with a pierceable silicone lid and transferred to the autosampler and a volume of 20 
µL of the filtrate was injected into the LC-MS/MS system. 

STD/QCs Cyclosporine A (ng/mL) Tacrolimus (ng/mL) 

S1* - 2.0 
S2 17.5 3.5 
S3 50.0 7.5 
S4 100 5.0 
S5 200 10.0 
S6 500 12.5 
S7 750 18.75 
S8 1000 25.0 

LLOQ 17.5 2.0 
LQC 30.0 6.0 
MQC 440 11.0 
HQC 880 22.0 
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2.3.4 Chromatography 

The chromatographic separation of the two drugs was obtained on a Hypersil Gold RP18 
column heated to 60°C by a column heater. The mobile phase consisted of 2 mM ammonium 
formate with 0.1% formic acid in MQ water (mobile phase A) and of 2 mM ammonium 
formate with 0.1% formic acid in MeOH (mobile phase B). The initial conditions were 40:60 
(v/v) mobile phase A:B and the gradient program can be seen in table 2. Flow rate of mobile 
phase was held at 400 µL/min with a total analysis time of 2.3 min for each sample. 

Table 2. Gradient program for the method developed with starting condition of 40% mobile phase A and 60% mobile 
phase B.  

Time (min) Mobile phase A (%) Mobile phase B (%) 

0.00 40 60 
0.10 40 60 
0.30 15 85 
0.90 5 95 
1.65 5 95 
1.66 40 60 
2.30 40 60 

2.3.5 Mass spectrometry 

The eluate from the analytical column was coupled to a Thermo Scientific TSQ Quantum 
Ultra triple quadrupole mass spectrometer with an electrospray ionisation ion source (ESI) in 
positive mode and selected reaction monitoring (SRM) setup. The tuning parameters 
obtained in the mass spectrometer are shown in table 3 for both the analytes and their 
corresponding IS. Other tuning parameters used were capillary temperature at 350°C, spray 
voltage 4.5 kV and argon as collision gas at a pressure of 0.2 Pa (1.5 mTorr). 

Table 3. Transitions for the analytes and their internal standards used in the bioanalytical method. 

* The transition used for quantification of cyclosporine A and validation. 

2.3.6 Method validation 

Validation was done in accordance with the EMA guidelines for bioanalytical methods with 
several additions recommended for the validation of dried blood spots on filter paper, such 
as Hct and spot size [10–13]. In method validation, the calibration curves are run on three 
different occasions and evaluated by found deviations of back-calculated values. The range 
of calibration curve was defined from the expected concentration range of the analyte in 
patients where the lowest calibration point was LLOQ and the highest calibration point was 
the upper limit of quantification. Intra and inter day accuracy and precision of the method 
was evaluated over a range of three days and this was performed by the use of QC-samples 
at four different levels from LLOQ to HQC. The criteria for intra and inter day accuracy and 
precision is that the average calculated concentration should not fall outside the ±15% of the 
nominal concentration for the QC-samples except for the LLOQ where criteria is ±20% of the 

Analyte Precursor ion 
[M+NH4]+ (m/z) 

Product ion 
(m/z) 

Collision Energy 
(V) 

Tac 821.7 786.5 19 
Cya1 1220.2 1203.4 23 
Cya2* 1220.2 1185.3 28 
Asc 809.5 756.4 21 
Cya-d12 1232.0 1215.0 19 
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calculated values of the controls. A coefficient of variance (CV) should be calculated for the 
methods precision this was performed on the QC-samples. The CV should be ≤15% and ≤20% 
for LLOQ. 

To test the method selectivity six different individuals blank blood were tested for interfering 
signals in the analytes and IS traces. The method is said to be selective if the response in the 
blank samples are 20% lower than the lower limit of quantification for the analyte and 5% 
lower than the response of the IS. 

Carry-over must be tested for a bioanalytical method and for DBS analysis it was important 
to determine the possible contamination through the punching device when sequentially 
punching samples. To test the carry-over occurring when punching, a number of clean white 
filter paper discs were punched out directly after the highest calibration. These white filter 
paper discs were then extracted in the same manner as all the other samples and analysed 
on the LC-MS/MS-system in the order as they were punched out. In EMAs guidelines it is 
recommended to test the carry-over in the chromatographic system. This was done by a 
number of blank blood samples injected in a row after the highest calibration standard. 

If the concentration of a sample is higher than the validated calibration range it must be 
diluted down in to the linear range of the curve to be quantified in a correct manner. Spiked 
samples of concentrations above the calibration range (50ng/mL for Tac and 2000ng/mL for 
Cya) were diluted 1 to 5 and 1 to 10 with unprocessed IS. 

To test the qualitative matrix effect a post column infusion experiment was done by using a 
syringe containing the analytes in a MeOH-solution (0.9 µg/mL Tac and 19 µg/mL Cya) 
coupled to the LC-MS/MS by a three way coupling after the column. The analyte solution 
was infused at the same time as an extracted blank sample was injected over the column. A 
starting point mobile phase mixture was injected over the column as a reference sample. To 
test the methods quantitative matrix effect, recovery and process efficiency, blank blood 
from six different individuals were used, the hematocrit was not set for five of the blood 
sample: One was set to 0.43 L/L since this was defined as the method reference hematocrit. 
The six blank bloods were spiked to two levels, LQC and HQC, and aliquoted to a 10 µL spot 
size. Also blank blood corrected with the dilution of the spiking solution were spotted on 
filter paper at a blood volume of 10 µL. Three replicates of each blood was then punched out 
in 8 mm discs for both the spiked blood and the blank blood and extracted in 1.5 mL test 
tubes. The extraction solution was then transferred to the filter plate and three of the wells 
was filled with IS solution to be filtered through the filter plate for production of a neat 
solution used for matrix effect, recovery and process efficiency. The matrix effect is 
calculated as the ratio between a matrix that have been spiked with analyte after extraction 
and the neat solution of the analytes at the same concentrations. This is done for each of the 
six blank bloods. The recovery of the extraction was calculated by dividing the concentration 
from samples that were spiked before extraction and samples spiked after the extraction. 
Process efficiency was the calculated value of dividing the concentration for blood spiked 
before extraction and neat solution with the same concentration. A CV was then calculated 
form these six samples for matrix effect, recovery and process efficiency and the CV should 
not exceed ≤15%. 

Since the hematocrit and the volume of blood is said to influence the concentrations of the 
drugs when a DBS sampling method is used, an experiment was performed where both 
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different Hct and blood volumes were changed simultaneously from Hct 20% to 60%. A 
normal Hct is somewhere in the range of 36-44% for an adult woman and 41-50% for an 
adult male[10]. The blood volumes used for blood spots were in the range from 15 µL to 60 
µL, with an average blood spot from a finger prick being 50 µL. The influence of Hct and 
blood volume was performed at the LQC-level for both Tac and Cya and the concentrations 
were calculated with a calibration curve based on Hct 0.43 and spot size 50 µL, the 
calculated concentration was then compared to the concentration obtained from the 
standardized spot with Hct 0.43 L/L and spot volume 50 µL for the LQC- and HQC-level in a 
percentage of the concentration for the analytes. These percentages is then plotted in an 
surface area plot for Tac and Cya, the surface area is a function of Hct, spot size and the 
calculated concentration as a percentage of the standardized spots. 

3. Results and discussion 

3.1 Method development 

When developing the method for Cya and Tac in DBS there were some confinements. These 
were that the method should be as easy and time efficient as possible also that the method 
was aimed to be run on the routine instrument present in the TDM-laboratory also all 
mobile phases and column were supposed to be the same as for the other analyses 
performed on the same instruments. 

The method development started out by tuning the instrument for the specific mass of the 
analyte. This was done by a three way coupling direct in to the mass spectrometer and the 
use of auto tune for MS/MS. Both compounds were forming an ammonium adduct [M+NH4]+ 
with the ammonium formate from the mobile phase so when the molecule was detected in 
the first quadrupole the precursor ion was the ammonium adduct and in the collision cell the 
precursor ion fragments and fragment ions could be selected in Q3.The most commonly 
used transitions for the analysis of Cya and Tac in the literature are the transitions 821.7 to 
768.5 for Tac and 1220.2 to 1203.4 for Cya. For Cya the transition most commonly used is in 
fact the loss of the ammonium adduct, which is a rather non-specific transition. That was 
why during tuning of the instrument another transition was selected for the method, the 
transition used for quantification of Cya was 1220.2 to 1185.5. Both transitions were 
compared to see why everyone else chose to use the transition where Cya only lost the 
ammonium adduct. None of the data showed that there were any differences between the 
two transitions, the area under the peaks were almost the same with only slight differences. 

When developing the chromatographic method for the LC, different flow rates and gradients 
were tested until a satisfactory sensitivity and retention was achieved for both analytes. The 
flow rate started at 600 µL/min but then the sensitivity was questionable so a decreased 
flow rate to 400 µL/min was tested to achieve better stability and robustness of the 
ionization. To develop the chromatographic method neat solutions were used containing Tac 
and Cya in a medium containing 80% MeOH and 20% water. Different gradients were 
constructed to get a base line separation of the two analytes with different starting 
conditions and also different slopes of the gradient. The best separation and peak shape was 
with a starting condition of 40% mobile phase A containing ammonium formate, formic acid 
and water and 60% mobile phase B, containing ammonium formate, formic acid and MeOH, 
see figure 3 for the final gradient. Other starting conditions that were tested were both 
higher and lower percentage of the B-phase and with a steeper incline of the gradient. With 
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a too steep slope the analytes were not eluted until the end of the plateau or after the 
plateau. With this gradient the analytes elute at approximately 1.26 min for Tac and 
approximately 1.50 min for Cya. 

 
Figure 3. A graphic illustration of the gradient program for the chromatographic system. The mobile phases contained 
2mM ammonium formate, 0.1% formic acid in either water (mobile phase A) or methanol (mobile phase B). 

It was important that the sample preparation should be easy and not time consuming as the 
previous published methods developed for analysing ISD in DBS. Previous methods for 
analysing of Cya and Tac had long time incubations, evaporation of solvent and 
reconstitution in a smaller volume and other difficult and time consuming work-ups. At the 
beginning of development, the 5 mm disc punched out from a bigger blood spot was 
extracted in a vial and the spot was left in the extraction solution during injection. A small 
volume of extraction solution was required to get satisfactory sensitivity which made it 
problematic to leave the spot in the vial or the 96-deep well plate because of the risk of the 
autosampler injection needle sticking to the filter paper. A method that removed the disc of 
filter paper after extraction without manual handling was wanted, so different techniques 
were tested. Not until a hydrophobic filter plate from Millipore was used to separate the 
punched out filter paper from the extraction solution an easy method for the sample work 
up was accomplished. The filter plates with the advantage of a 96-well format compatibility 
made extraction and separation possible in the same plate. By centrifugation the extract was 
filtered through the filter plate and down in a 96-well plate. 

Different extraction media were tested to obtain the best extraction possible. Organic 
solvent was needed to extract the analytes since both Tac and Cya are lipophilic substances 
and do not dissolve well in pure hydrophilic solvents. Different organic solvents were tested 
and also combinations of the organic solvents. Solvents tested were acetonitrile (MeCN) and 
MeOH, all in a combination with water or mixture of the two solvents at different 
compositions. In table 4 all the different solvent combinations and the proportions that were 
tested to get the best response and mobile phase system compatibility are shown. For all of 
the combinations containing MeCN most of the peaks became double and low response was 
obtained, probably because it was not compatible with the mobile phase that contained 
MeOH. A 100% MeOH used for extraction also gave very low responses for both analytes 
and also extraction with 90% MeOH and 10% H2O gave a lower response than of 80% MeOH 
and 20% H2O. Higher percentage of water did not give good responses to the analytes 
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probably because that both analytes is hydrophobic and will not be extracted well with a 
high water content solution. Since both Cya and Tac are lipophilic substances they will prefer 
be in a medium that has a larger amount of organic solvent that is also lipophilic as MeOH 
but the problem with a too high MeOH was that it is not compatible with the composition of 
the mobile phase. 

Table 4. The different solvent combination and proportions of the solvents in the extraction solution tested during 
method development. 

Solvent combination Proportions 

MeCN:H2O 90:10 
MeCN:H2O 80:20 
MeCN:H2O 100:0 
MeOH:H2O 90:10 
MeOH:H2O 80:20 
MeOH:H2O 100:0 
MeCN:MeOH 80:20 
MeCN:MeOH 90:10 

Both analytes were quantitated with the use of an internal standard. For Cya, its deuterated 
equivalent Cya-d12 was used as IS, and for Tac the IS used was Asc. Different concentrations 
of the IS were tested since there may be a risk of cross talk due to lack of IS purity and carry-
over. The IS should approximately have the same area response as the area response of a 
MQC for the analyte. The appropriate concentration of the IS was 0.51 ng/mL of Asc and 7.5 
ng/mL for Cya-d12. During development different extraction times were tested from 10 min 
to 60 min of extraction since earlier methods demanded long time extraction but the data 
(Appendix I) did not show any improvement of the sensitivity of the method when blood 
spots were extracted for 60 min instead of 10 min so an extraction time of 10 min was 
selected. Also earlier methods used ultrasonification during extraction but that did not show 
any improvement of the sensitivity. 

During development there were some problem with the sensitivity of the method and a way 
of getting a better sensitivity is to decrease the volume of extraction solution and the 
volume injected on the chromatographic system can be altered. In the beginning of 
development a much greater volume was used this resulted in low sensitivity so the 
extraction volume was reduced from 500 µL to 150 µL in steps to get better sensitivity. A 
smaller volume than 150 µL of extraction solution gave a problem that a small amount of the 
solution got stuck to the filter plate and the risk of reduced amount of eluate increased the 
risk of the needle to crash in the bottom of the 96-well plate. The volume injected on the 
chromatographic system started out at 10 µL but had to be increased to 20 µL for better 
sensitivity, the volume of extraction solution had to be adjusted so there was an possibility 
to inject more than one time, a minimum of two injections were desirable for possible 
reinjection in routine analysis. 
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3.2 Validation 

3.2.1 Calibration curve and Lower limit of quantification  

The calibration curve showed to be linear in the range of 2 ng/mL to 25 ng/mL for Tac with 
an coefficient of determination of >0.99 for all validation runs. The calibration curve was 
constructed from eight standard points where S1 (2 ng/mL) was LLOQ and S8 (25 ng/mL) was 
the upper limit of quantification. For Cya the calibration curve were linear between 17.5 
ng/mL and 1000 ng/mL and with a coefficient of determination of >0.99 as well. S2 at 17.5 
ng/mL was the LLOQ since the start value at 10 ng/mL was too low to use as LLOQ since 
there was a high response in the blank analysed at the same time and the response for 10 
ng/mL did not met the requirements set by the EMAs guidelines that the LLOQ should be at 
least 5 times the signal of a blank sample. In figure 4 one of the calibration curves obtained 
during validation is shown. One of the standard points is excluded since the back calculated 
value exceeds the allowed regulations in the guidelines set by the EMA. The guidelines state 
that the back calculated values of the calibration curve should not fall outside of ±20% for 
the LLOQ and ±15% of the other points in the curve from the nominal concentration of each 
point. It is allowed to exclude points from the curve as long as 75% of the points in the 
calibration curve and a minimum of six point fulfils the criterion of the back calculated 
concentration of ±15% of the nominal concentration. 

 
Figure 4. A representation of calibration curves obtained during validation of the method of tacrolimus (above) and 
cyclosporine A (below) with their equation and the correlation presented in each graph. The area ratio is calculated from 
the analytes area divided with the area obtained by the IS. 

The accuracy for the calibration curves was evaluated for Cya and Tac and are shown in table 
5 and 6. The accuracy should not deviate more ±20% for the lower limit of quantification and 
±15% for the other points in the curve. 

 

Conc. (ng/mL) 

Conc. (ng/mL) 



16 
 

Table 5. Summary of the between day run accuracy and precision for tacrolimus and all its standard points with a 
minimum of three runs. 

Tacrolimus S1 S2 S3 S4 S5 S6 S7 S8 

Nominal concentration (ng/mL) 2.0 3.5 7.5 5.0 10.0 12.5 18.75 25.0 
Mean value 2.2 3.2 7.0 5.0 10.2 12.0 18.6 25.7 
Standard deviation (SD)  0.2 0.4 0.3 0.4 0.4 0.4 0.4 0.8 
Coefficient of Variation (CV) (%) 8.2 12.3 3.8 7.4 4.1 3.6 2.0 3.1 
Deviation from nominal concentration 
(%) 

9.6 -9.0 -5.5 0.7 1.6 -4.2 -0.7 2.7 

Table 6. Summary of the between day run accuracy and precision for cyclosporine A and all its standard points with a 
minimum of three runs. 

Cyclosporine A S1* S2 S3 S4 S5 S6 S7 S8 

Nominal concentration (ng/mL) ”-“ 17.5 50.0 100 200 500 750 1000 
Mean value  18.5 48.0 96.8 196.8 494.2 745.2 1016 
Standard deviation (SD)   0.4 2.9 2.4 11.0 7.7 34.6 34.9 
Coefficient of Variation (CV) (%)  2.2 6.1 2.5 5.6 1.6 4.6 3.4 
Deviation from nominal 
concentration (%) 

 5.4 -4.1 -3.2 -1.6 -1.2 -0.6 1.6 

*not the lowest calibration point in the curve only percent since every point contains both analytes. 

3.2.2 Accuracy and precision 

In table 7 and 8 the data for Cya and Tac is shown and all was done in a minimum of five 
replicates for the intra-day accuracy and precision and for inter-day is composed of three 
repetitions. All of the QC-samples fall within validation criteria and the method has a good 
repeatability. 

Table 7. Summary of the intra and inter day accuracy and precision for tacrolimus preformed over three days. 

Tacrolimus LLOQ LQC MQC HQC 

Nominal concentration (ng/mL) 2.0 6.0 11.0 22.0 
Mean concentration Day 1 1.8 5.9 10.5 20.7 
Intra-day SD  0.2 0.3 0.9 1.5 
Intra-day CV (%) 13.0 5.5 8.7 7.4 
Intra-day Deviation from nominal concentration (%) -10.3 -1.8 -5.0 -5.8 
Number of replicates 6 6 6 6 
     
Mean concentration Day 2 1.9 5.9 11.2 21.6 
Intra-day SD  0.2 0.5 1.1 1.6 
Intra-day CV (%) 8.1 7.9 10.1 7.3 
Intra-day Deviation from nominal concentration (%) -7.0 -1.7 1.9 -1.8 
Number of replicates 6 6 6 6 
     
Mean concentration Day 3 2.2 6.1 11.0 21.8 
Intra-day SD  0.2 0.5 0.5 1.3 
Intra-day CV (%) 7.1 8.0 4.3 5.9 
Intra-day Deviation from nominal concentration (%) 11.7 1.5 -0.3 -1.0 
Number of replicates 5 6 6 6 
     
Overall mean concentration 2.0 6.0 10.9 21.4 
Inter-day SD  0.3 0.4 0.9 1.5 
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Inter-day CV (%) 13.4 7.0 8.2 6.8 
Inter-day Deviation from nominal concentration (%) -2.7 -0.7 -1.1 -2.9 
Number of replicates 17 18 18 18 

Table 8. Summary of the intra and inter day accuracy and precision for cyclosporine A preformed over three days. 

Cyclosporine A LLOQ LQC MQC HQC 

Nominal concentration (ng/mL) 17.5 30 440 880 
Mean concentration Day 1 18.9 33.1 460.8 890.1 
Intra-day SD  1.2 2.8 22.1 38.6 
Intra-day CV (%) 6.3 8.5 4.8 4.3 
Intra-day Deviation from nominal concentration (%) 7.9 10.4 4.7 1.1 
Number of replicates 6 6 6 6 
     
Mean concentration Day 2 17.5 28.1 448.8 958.4 
Intra-day SD  1.8 2.2 21.7 88.7 
Intra-day CV (%) 10.1 7.7 4.8 9.3 
Intra-day Deviation from nominal concentration (%) 0.2 -6.5 2.0 8.9 
Number of replicates 5 5 6 5 
     
Mean concentration Day 3 16.0 31.8 453.4 891.8 
Intra-day SD  1.1 2.1 27.2 69.0 
Intra-day CV (%) 6.5 6.6 6.0 7.7 
Intra-day Deviation from nominal concentration (%) -8.7 6.0 3.1 1.3 
Number of replicates 6 5 6 6 
     
Overall mean concentration 17.5 31.1 454.3 910.8 
Inter-day SD  1.8 3.2 22.9 70.2 
Inter-day CV (%) 10.2 10.1 5.0 7.7 
Inter-day Deviation from nominal concentration (%) -0.2 3.7 3.3 3.5 
Number of replicates 17 16 18 17 

 

3.2.3 Selectivity, carry-over and dilution integrity  

No interfering peaks were found in the tested blank blood samples for neither the analytes 
nor the IS. 

Carry-over was tested both for the chromatographic method and also when punching out 
the disc on the mat. No carry-over was found in the punch location test so the mat or punch 
do not require any cleaning between samples. No major carry-over was found in the first 
injected blank sample after the calibration curve, but the response obtained was below 20% 
of the LLOQ. The conclusion was that it does not matter in which order you are going to 
inject the samples. 

For dilution integrity, the results show that it is possible to dilute samples 1 to 5 and 1 to 
10to get the high samples with in the calibration curve (Appendix 1). 

3.2.4 Recovery, Matrix effects and process efficiency 

Qualitative matrix effect was evaluated from the post-column infusion experiment and this 
experiment was performed to see if there was any ion enhancement or suppression from 
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endogenous substances for the analytes. The result show no significant matrix effects at the 
retention times of the analytes, see figure 5 and 6. The valleys before 0.17 min retention 
time in the chromatograms can occur from the switching of the divert valve of the 
instrument and the experimental setup of the syringe. 

 
Figure 5. Post-column infusion of tacrolimus for blank sample and mobile phase injected on the LC-MS/MS. 

 
Figure 6. Post-column infusion of Cyclosporine A for a blank sample and mobile phase injected on the LC-MS/MS. 

The CV for quantitative matrix effects on Tac was greater than 15% this is because of one of 
the individuals tested got a higher concentration than the others this can be due to 
coincidence or that this patient has encountered a spiking error of the blood during 
preparations. For the HQC-level for Tac there is a major enhancement from the matrix which 
do not show up at LQC-levels. For Cya there are no significant matrix effects at either LQC or 
HQC-levels. A higher concentration than expected occurred in the DBSs during these 
experiments because a bigger, 8 mm spot is punched out and the calibration curve used for 
quantification was made out of 5 mm discs. This leads to that more blood was used for the 
experiments of recovery, matrix effect and process efficiency to calculate the concentrations 
than used in the calibration curve. The use of a larger disc was because the whole blood spot 
should be used when calculating the recovery, matrix effect and process efficiency. A 
summary of the data from the calculations for the recovery, matrix effect and process 
efficiency experiments is displayed in table 9. 
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The CV for recovery of the method was all within ≤15% for both Tac and Cya however as 
shown in table 9 the mean recovery for each analyte differs between the two QC-levels. 

Process efficiency is the methods quality and the interferences during the sample 
preparation and analysis. A low process efficiency can be because of a low recovery or ion 
suppression and that is why the process efficiency on LQC-level for Cya was low. A process 
efficiency close to 100% is the result of no matrix effect and high recovery or the 
combination of low recovery and a high matrix effect. 

Table 9. Summary of data evaluated for matrix effect, recovery and process efficiency. 

 Tacrolimus Cyclosporine A 

Level LQC HQC LQC HQC 
Mean matrix effect (%) 110.5 235.2 94.5 98.3 
SD matrix effect 27.4 22.3 10.3 8.7 
CV matrix effect (%) 24.8 9.5 10.9 8.9 
Mean recovery (%) 88.5 51.2 48.1 73.2 
SD recovery 11.5 5.7 6.8 6.0 
CV recovery (%) 13.0 11.0 14.1 8.2 
Mean process efficiency (%) 98.1 119.9 45.1 71.6 
SD process efficiency 28.7 13.6 4.6 3.3 
CV process efficiency (%) 29.3 11.3 10.3 4.5 

3.2.5 Influence of hematocrit and blood volume 

The influence of Hct on concentration was validated. This was done in a manner described 
above. The resulting concentrations from different Hct and spot size were then calculated to 
a percentage of the standardized concentrations for a blood spot with Hct 0.43 L/L and a 
spot size of 50 µL. The percentages obtained was plotted in a surface area plot showed in 
figure 7 and 8 for Tac and Cya. 

 
Figure 7. The surface created by analysing different hematocrits and blood volumes simultaneously for the analyte 
tacrolimus. On one of axis the calculated concentration is portrayed as the percentage of the concentration from a 
standardized blood spot of a hematocrit 0.43L/L and spot size 50µL, on the other axis the spot size and hematocrit is 
portrayed. Blue represent every value that is between 80% and 100%, the colure orange represent all concentrations 
above a 100% and purple is a values below 80%. 

0.2

0.3

0.43

0.6

0

20

40

60

80

100

15

25

40

50

60

Hematocrit (L/L)

ca
lc

u
la

te
d

 c
o

n
c.

 o
f

st
an

d
ar

d
iz

e
d

 c
o

n
c.

 (
%

)

Spot size(µL)

Tacrolimus

15



20 
 

 
Figure 8. The surface created by analysing different hematocrits and blood volumes simultaneously for the analyte 
tacrolimus. On one of axis the calculated concentration is portrayed as the percentage of the concentration from a 
standardized blood spot of a hematocrit 0.43L/L and spot size 50µL, on the other axis the spot size and hematocrit is 
portrayed. Blue represent every value that is between 80% and 100%, the colure orange represent all concentrations 
above a 100% and purple is a values below 80%. 

The acceptable values for the different Hct and blood volume was between 85-115% since 
acceptable criteria is ±15% of the normalized concentration. For Tac shown in figure 7 the 
blood samples with a Hct of 0.6 L/L all fell out of the criteria and also all of the small spots 
with a blood volume of 15 µL at all different Hct do not fulfil the criteria of ±15%. This was 
probably because of a too small blood volume applied on the filter paper. The paper does 
not get properly wet by the blood when applying such small droplets and will there for give a 
bias of the concentration. Thus a conclusion of this experiment is a recommendation of 
excluding blood spots that are too small in volume. For Cya the surface area is shown in 
figure 8 also the small spot of 15 µL gave a bias outside the acceptable criteria of ±15% of its 
normalized concentration. Most of the spots tested fell within the criteria even the samples 
at Hct level of 0.6 L/L. It is often said that the concentration has to be corrected for the 
effects of the Hct but this study show at least for Cya and at a standardized blood volume of 
40 µL to 50 µL that the Hct does not affect the concentration in a significant way in the range 
0.2 to 0.6. Neither is Tac affected by the Hct in the range of 40 µL to 50 µL and the Hct 0.2 to 
0.43. 

Further testing is needed to see what happens between the Hct of 0.43 and 0.6 since for Tac 
the concentration fall outside the given criteria for the samples with the Hct of 0.6 L/L. 
Samples with a small blood volume should not be analysed due to bias problems. The result 
showing that Hct levels of 0.6 L/L give rise to lower concentrations is contradictive to 
published results by Koster et al. [14] and Li at al.[15]. Earlier results all show that increasing 
Hct values corresponds to increasing concentrations. Also increased volumes give rise to 
higher concentrations. Since these results are different, this experiment will be repeated in 
due time. 
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3.2.6 Stability 

The stability tested during this project was autosampler stability. Other stability tests 
required in the EMA guidelines for a fully validated bioanalytical method as stability of stock 
solution, stability in matrix at different conditions were not preformed due to lack of time 
during this project but will be performed in due time. 

The autosampler stability was test by injecting a calibration curve and a replica of three for 
each QC-level 21h after the first injection. The deviation from the nominal concentration is 
shown in table 10 and all of the QC-samples at three levels fell within the lines of ±15% of 
the nominal concentration. 

Table 10. Summary of the data collected for autosampler stability for tacrolimus and cyclosporine A. 

 QCL QCM QCH 

 Tacrolimus 
Nominal conc. (ng/mL) 6.0 11.0 22.0 
Mean conc. 0h (ng/mL) 6.0 11.6 23.5 
Deviation 0h (%) 0.3 5.4 6.8 
    
Mean conc. 21h (ng/mL) 6.1 12.4 23.5 
Deviation 21h (%) 2.5 12.9 6.9 
 Cyclosporine A 
Nominal conc. (ng/mL) 30.0 440 880 
Mean conc. 0h (ng/mL) 33.6 438.3 848.7 
Deviation 0h (%) 11.9 -0.4 -3.6 
    
Mean conc. 21h (ng/mL) 30.3 473.6 929.6 
Deviation 21h (%) 0.9 7.6 5.6 

4. Conclusion 

A multi method for Cya and Tac has been developed and validated for the use of DBS as a 
matrix in TDM. The developed method has a fast, 2.5 min analysis time and the sample 
preparation is easy. Validated parameters was in accordance with the guidelines published 
by the EMA with some amendments for DBS such as the influence of hematocrit. The 
method fulfils the criteria and can be used in a clinical routine laboratory to quantitate Tac 
and Cya in dried blood spots but further studies are needed for the influence of Hct and spot 
size since the data acquired did not correspond to earlier published studies also a major 
study of the analytes stability in the matrix at different conditions should be tested. The 
method has a good prospect of being used for TDM for patients that has under gone organ 
transplantation and is long-term treated with Cya and Tac. 
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Appendix I 

Table 11. The results of the extraction times tested during method development, presented in an average area of the five 
replicates at each time. Also a calculated ratio of the analyte and the internal standard is represented as an average. 

Extraction time Average area Cya Average ratio Cya Average area Tac Average ratio Tac 

10 min 265045 0.053 33306 0.0193 
20 min 288699 0.058 31378 0.0190 
30 min 310253 0.063 26502 0.0160 
45 min 303054 0.063 31407 0.0178 
60 min 309926 0.066 27129 0.0161 

 

Table 12. Results of the dilution experiment during validation of the method. The calculated concentrations is calculated 
from the measured concentration by multiplying the concentration with 5 and 10. The deviation was then calculated 
from the nominal concentration 50ng/mL tacrolimus and 2000ng/mL cyclosporine A. 

 Measured 
Concentration (ng/mL) 

Calculated 
concentration (ng/mL) 

Deviation (%) 

Tac 50ng/mL 48.9   
Tac 50ng/ml diluted (1:5)  53.4 6.7 
Tac 50ng/ml diluted (1:10)  55.6 11.3 
Cya 2000ng/mL 1708.1   
Cya 2000ng/ml diluted (1:5)  1780.9 -14.0 
Cya 2000ng/ml diluted (1:10)  1719.4 -11.0 

 


