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1. Introduction 

 

Over the past three decades, drug metabolism research and mass spectrometric 

research in drug metabolism has played an outstanding role in several areas. An important 

issue in developing new drugs is whether the synthesized molecule can be used effectively 

and safely. However, drug metabolism research is not only relevant for new drug candidates, 

but also in therapeutic drug monitoring, which may lead to personalized pharmacotherapy in 

the future [1]. 

Significant amounts of chemical substances with varying chemical structure are 

introduced into our body, which may be more or less toxic. These xenobiotics are generally 

apolar, lipid-soluble molecules, and our body tries to eliminate by transforming them into 

more polar, water-soluble molecules with different biotransformation enzymes. Elimination of 

the resulting polar, hydrophilic molecules with bile or urine are accelerated with an order of 

magnitude [2]. 

Therapeutic drug monitoring is important when the used drugs have toxic side effects 

or a narrow therapeutic range, therefore they are often under- or overdosed. Maintaining a 

constant drug level is not a simple task and cannot achieve by taking the drug at a constant 

dose. One of the reasons for this is genetic polymorphism that the response to medicines 

varies individually because of the different genetic background. The absorption, metabolism, 

and elimination of drugs are also individual. Beyond the genetic features, the age, health 

status and interactions with other drugs play an important role in this difference [3]. 

Therapeutic Drug Monitoring (TDM) is nowadays routinely done by immunoassays. The 

disadvantage of this methodology is the lack of accuracy, giving false-positive results. This is 

due to that they cannot distinguish the drug molecule from its metabolites, and may also 

cross-react with other similar structures. Immunoassays require a high amount of reagents, 

which greatly increases the cost of measurements. In contrary, in recent years, the number of 

liquid chromatographic-mass spectrometric applications has been increased with the aim of 

diagnosing a disease or setting a suitable therapeutic level for a drug. The international journal 

Trends in Analytical Chemistry dedicated a special issue in November of 2016 to the related 

                                                             
[1] M. Lee, M. Zhu, Mass spectrometry in drug metabolism and disposition, (2011). 

doi:10.1002/9780470929278. 
[2] László Vereczkey, Katalin Monostory, Zsuzsa Veres, Human gyógyszermetabolizáló enzimek. I. Oxidációs 
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latest achievements, proving the actuality of the topic. These works come from different areas 

of bioanalytics, but in each case, LC-MS/MS (Liquid Chromatography-Tandem Mass 

Spectrometry) was used for quantitation. An advantage of this technique is that the 

quantitation of each component is possible after the appropriate chromatographic separation. 

Therefore, replacement of the immunoassays with LC-MS/MS measurements is increasingly 

important in clinical laboratories.  

From the exponentially increasing number of LC-MS/MS papers, we could think that 

these method developments have become routine, but the situation is not that simple. Their 

disadvantage is the requirement of a high level of expertise and appropriate instrumentation. 

The therapeutic levels of drugs may vary greatly or even in order of magnitude [4]. Due to the 

low concentration of components to be measured, in some cases, a unique sample preparation 

method is required to achieve the extremely low detection limits. When measuring many 

components simultaneously, we can encounter difficulties with chromatography and mass 

spectrometry, and we must also find a solution. There are three types of problems to be 

solved: sample preparation, chromatographic and mass spectrometric difficulties. During my 

research I studied the problems of all three areas; accordingly, my thesis consists of three 

main parts. 

2. Aims 

 

In my doctoral dissertation, I studied the clinical applications of quantitative mass 

spectrometric measurements. During my research, I wanted to find solutions and answers to 

the problems and issues outlined in the introduction. 

My doctoral dissertation is intended to contribute to the development of liquid 

chromatographic-mass spectrometric methods, supporting the development of personalized 

drug therapy. I sought to develop analytical solutions that can be readily transposed and 

subsequently routinely applied in clinical practice. A part of the undesirable side effects of 

drug therapy is due to differences or changes in drug metabolism of a patient. Personalized 

drug therapy can improve drug efficacy, reduce drug consumption and the risk of side effects, 

shorten hospital care, and faster healing. 

                                                             
[4] M. Schulz, A. Schmoldt, Therapeutic and toxic blood concentrations of more than 800 drugs and other 

xenobiotics, Pharmazie. 58 (2003) 447–474. doi:10.1186/cc11441. 



 

 

My aim was to quantitate cortisol and cortisone from saliva, which demands 

extraordinary sensitivity. Therefore, I have set the goal of using a new, more efficient reagent 

for derivatization that significantly improves the ionization of the two steroids under ESI 

conditions, thus improving the detection limit and the sensitivity of the method. 

An important part of the quantitative mass spectrometric determination is a well-

developed chromatographic method. Pharmacokinetics and therapeutic effects of baicalin 

(baicalein-7-O-glucuronide) were extensively researched in the past decade owing to its anti-

oxidant, anti-cancer, anti-inflammatory, and anti-viral properties. In my research, my primary 

objective was the quantitative determination of baicalin from membrane vesicles. An 

interesting phenomenon was discovered during the liquid chromatographic method 

development. An interfering peak in the chromatogram was observed with the same MRM 

transition and the same retention like baicalin. The final solution gave an unconventional 

chromatographic separation (“inverse gradient” on a reversed-phase column) which 

highlighted the relatively polar nature of the Agilent Zorbax SB-C8 column. I made further 

studies to understand this phenomenon. Finally, the developed method was validated and 

subsequently applied to vesicle transport assays. 

One of my purpose during my research was to develop an LC-MS/MS method that 

allows measurement of many components beside each other. During my work, I examined 

sample preparation, ion suppression, matrix effect and calibration in a new approach. It is 

especially important because in literature I have not observed such studies in multi-

component methods. 

3. Methods 

 

3.1. Derivatization and on-line SPE to measure extremely low cortisone and cortisol 

levels in human saliva 

 

 Liquid-liquid extraction with ethyl-acetate was used to extract the steroids from saliva 

samples. Prior to the derivatization reaction, the solvent was exchanged for ethanol and the 

samples were reacted with 2 μg/ml of 2-hydrazino-1-methylpyridine at a 60° C for 60 minutes 

with a trifluoroacetic acid catalyst. At the end of the reaction, the solvent was evaporated in a 

nitrogen stream and the samples were resuspended in 120 μl eluent (ACN/water, 5/95) before 

injecting into the LC-MS/MS system. A QTRAP 6500 triple quadrupole-linear ion trap mass 



 

 

spectrometer, equipped with a Turbo V Source in electrospray mode (AB Sciex, CA, USA) 

and a Perkin Elmer Series 200 micro LC system (Massachusetts, USA) was used for LC-

MS/MS analysis. Electrospray ionization (ESI) was performed in the positive mode and the 

MS/MS system was operated under multiple reaction monitoring (MRM) mode. A Strata 

C18-E On-Line Extraction Cartridge from Phenomenex was used as on-line SPE column (20 

× 2.0 mm) equipped with a C18 security guard cartridge (4 × 2.0 mm) also from Phenomenex 

(Gen-Lab Ltd., Budapest, Hungary) for cleaning up the samples prior to the injection of 

compounds to the analytical column. The analytical column was a Luna Phenyl-Hexyl column 

(50 mm × 2 mm, i.d.: 5 μm) equipped with a C18 security guard cartridge (4 × 2.0 mm) from 

Phenomenex (Gen- Lab Ltd., Budapest, Hungary). Sample was eluted with a gradient of 

eluent “A” (0.1% formic acid in water) and eluent “B” (0.1% formic acid in ACN). Flow rate 

was set to 0.8 ml/min and gradient elution was programmed. 

 

3.2. Unexpected retention behavior of baicalin: Hydrophilic interaction like properties 

of a reversed-phase column 

 

 During sample-preparation, the dried membrane vesicle samples were dissolved in a 

mixture of water/methanol (2:8 v/v) containing 0.1% formic acid and allowed to stand for one 

hour at room temperature. Samples were transferred into 200 μl vials before injection into the 

LC-MS/MS system. A QTRAP 6500 triple quadrupole-linear ion trap mass spectrometer, 

equipped with a Turbo V Source in electrospray mode (AB Sciex, CA, USA) and a Perkin 

Elmer Series 200 micro LC system (Massachusetts, USA) was used for LC-MS/MS analysis. 

Electrospray ionization (ESI) was performed in the positive mode and the MS/MS system was 

operated under multiple reaction monitoring (MRM) mode. Chromatographic separation was 

achieved by an Agilent Zorbax SB-C8 column (250 mm × 4.6 mm, i.d.: 5 μm). Sample was 

eluted with a gradient of eluent “A” (0.1% formic acid in water) and solvent “B” (0.1% 

formic acid in MeOH). 

 

3.3. New approaches to the development of multi-component mass spectrometric 

methods 

 

300 μl of acetonitrile was added to 100 μl of serum to precipitate the proteins. The 

mixture was vortex mixed and centrifuged for 10 minutes at a speed of 3000 g. 100 μl of the 

supernatant was transferred into 200 μl vials. The injection volume was 10 μl. The 



 

 

components of the sample were separated by a linear gradient elution method on an Agilent 

Hypersil BDS-C18 (4.6 x 100 mm; 3 μm) column. Eluent "A" was water containing 0.1% 

formic acid, eluent “B” was 10 mM ammonium formate in ACN. Ionization was performed in 

positive ESI mode, and sMRM (Scheduled Multiple Reaction Monitoring) was used for 

quantification of the components. 

4. Results 
 

4.1. Derivatization and on-line SPE to measure extremely low cortison and cortisol levels 

in human saliva 

 In the analysis of the derivatization reaction, it was found that the double charged (bis-

hydrazone) derivative of the two steroids could be more sensitive than their single charged 

derivative. The lower limit of quantitation (LLOQ) of cortisol and cortisone were found to be 

5 and 10 pg/ml respectively, at which precision was less than 20% and accuracy was within 

80–120%. The HMP derivatization increases the method sensitivity by 1000 times for the two 

steroids. The method proved to be highly sensitive, simple, high throughput, accurate and 

appropriate to the bioanalytical requirements. 

 

4.2. Unexpected retention behavior of baicalin: Hydrophilic interaction like properties 

of a reversed-phase column 

 The unconventional properties of a commercially available reverse phase 

chromatographic column have been interpreted. The SB-C8 stationary phase that I used 

contains relatively higher amount of unreacted silanol groups than other reversed-phase 

columns. Due to this fact, SB-C8 columns have pronounced polar selectivity in addition to the 

prevalent hydrophobic interaction. This is the so-called dual (RPLC/HILIC) retention 

mechanism. In my method, I could take advantage of this behaviour of the column. Of course, 

this requires the characteristics of baicalin, namely that it has a more polar and less polar part. 

The interaction of the free silanol groups with the polar molecule may cause this behavior of 

baicalin, that it has good retention (3.34 min) during isocratic separation with 100% methanol. 

An advantage of the method is that in the beginning of the separation (20% water – 80% 

methanol) small molecules, inorganic salts and biological matrix from the sample can be 

washed because of the high organic modifier content of the eluent mixture. Comparing to 



 

 

previous studies, better limit of quantification (1 nM) can be achieved with this method, 

without sample preconcentration. The method is simple, rapid, highly sensitive, accurate and 

appropriate to the bioanalytical requirements. 

4.3. New approaches to the development of multi-component mass spectrometric 

methods 

  My method enabled the quantitative determination of 32 drug substances and their 

metabolites simultaneously. The optimization of the liquid chromatographic and mass 

spectrometric parameters was successfully performed for all the compounds. Problems that 

arise, such as inappropriate retention of the compounds on the column, unsatisfactory 

sensitivity and peak shape, have been eliminated by the correct selection of the eluents and 

the stationary phase (analytical column). I examined sample preparation, ion suppression, 

matrix effect and calibration in a new approach. Due to this, I have been able to answer the 

problems that arise in the development of multi-component methods. Thanks to the grouping 

of the components, I managed to eliminate their suppressive effects to each other.  



 

 

5. New scientific conclusions in the thesis 

 

 The derivatizing reagent 2-hydrazino-1-methylpyridine has never been used earlier to 

increase the sensitivity of cortisol and cortisone during ESI ionization. During my 

measurements, I combined the on-line SPE and LC-MS/MS methods as well as charged 

derivatization in order to reach the lowest possible detection limit for the determination of 

cortisol and cortisone from saliva. 

 

 The extremely low detection limit achieved during the quantitative determination of 

cortisol and cortisone (5 and 10 pg/ml) and the robustness of the developed method has 

allowed replacing inaccurate immunoassay methods in clinical trials. My method can be 

useful in the diagnosis and treatment of many endocrine disorders (cancer diseases, 

Cushing's Syndrome). 

 

 I developed a previously unpublished method. It was the first time baicalin from 

membrane vesicles had been determined. With this method and my results, my colleagues 

have been able to identify the key role of transporters in the efflux of baicalin. 

 

 It is a new scientific result that, after overcoming the difficulties of method development, 

I first described and discovered the hydrophilic interaction like properties of a 

commercially available reversed-phase liquid chromatography column. For a more 

detailed analysis of the phenomenon, further experiments were made and the method was 

validated. Due to the advantages of this method, a new research area may open up in the 

liquid chromatography of flavonoids and their glucuronide derivatives. 

 

 I developed a method for the quantitative determination of 32 drug substances, which was 

scientifically examined with new approaches to the effect of sample preparation, ion 

suppression, matrix effect and the compilation of calibration for quantitative 

determination. During my work, I highlighted the limitations of multi-component 

methods and I proposed solutions to overcome them. Through the development of the 

method, I showed how it is worth compiling the quantitative determination according to 

the "less is more" principle. My suggestions can be useful in the future for research 



 

 

institutes and analytical laboratories as well as clinical laboratories that intend to replace 

immunoassays with mass spectrometric measurements. 

 

 I participated in the development and application of mass spectrometric methods in 

supporting the development of personalized pharmacotherapy in Hungary. I determined 

the therapeutic drug levels of a large number of patients. With the help of my work, the 

quantitative determination of a significant number of drug substances became possible 

quickly, accurately and simply. We are working with our colleagues to develop therapy 

adapted to the drug decomposing ability of patients, to select the appropriate drug 

substance and to determine the optimal dosage. 
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