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Abstract 

This paper presents some of the determination methods of oestrogens (oestrone, oestradiol and oestriol) and androgens 
(testosterone and 15α-testosterone) in biological matrix, highlighting the mass spectrometry (MS) technique. In clinical 
laboratories, hormone measurements are based on immunoassay or liquid chromatography (LC) coupled with MS. Due to the 
diversity of methods, the limits of normal values of oestrogens and androgens vary, making the interpretation of results 
difficult. The scientific literature data shows that the LC-MS methods are the best choice for quantitative determination of 
low levels of hormones. The most common ionization technique used for LC-MS analysis is electrospray ionization (ESI). 
Sample preparation techniques, LC conditions, and MS parameters are revealed in order to compare the performances (limits 
of detection and quantification) of different LC-ESI-MS/MS methods. 
 
Rezumat 

Câteva dintre cele mai utilizate metode de determinare ale estrogenilor (estronă, estradiol și estriol) și androgenilor 
(testosteron și 15α-testosteron) din medii biologice sunt prezentate în acest review, evidențiind tehnica spectrometriei de 
masă (MS). În laboratoarele clinice, determinarea hormonilor se realizează prin metode imunologice sau de cromatografie de 
lichide de înaltă performanță (LC) cuplată cu MS. Datorită multitudinii și varietății metodelor, valorile normale ale 
estrogenilor și androgenilor variază, ceea ce duce la interpretarea dificilă a rezultatelor. Datele din literatura de specialitate 
arată că LC-MS este cea mai potrivită metodă pentru detecția concentrațiilor mici de hormoni. Cea mai răspândită tehnică de 
ionizare utilizată pentru analize LC-MS este ionizarea prin electrospray-ere (ESI). Performanțele metodelor LC-MS/MS cu 
ESI sunt comparate cu cele obținute folosind alte interfețe, în termeni de limită de detecție și de cuantificare, luând în 
considerare metodele de prelucrare a probelor, condițiile LC, parametrii MS. 
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Introduction 

The imbalance of testosterone/oestradiol ratio can 
lead to a variety of disorders, such as benign prostatic 
hyperplasia, coronary heart disease, etc.; therefore, 
the simultaneous detection of these hormones is 
relevant in clinical practice [2, 39]. Moreover, 
quantitative determination of steroid hormones plays 
an important role in the investigation of endocrine 
disorders and in assessing the effect of the endocrine-
disrupting agents [16, 33, 38]. Oestradiol/testosterone 
ratio can be a prognostic marker for different 
diseases and its measuring is important in different 
clinical situations (e.g. disorders of puberty and 
therapeutic drug monitoring). 
The main hormones are routinely measured by 
immunoassay techniques. The drawbacks of these 
methods are the matrix interferences, low antibody 

specificity caused by compounds with similar 
structure to the target analyte and variability of the 
different immunoassay kits, which can cause mis-
interpretation of the results. LC-MS/MS methods are 
now often used in routine clinical laboratory practice 
due to its specificity and sensitivity [7, 10, 11, 26]. 
The available experimental conditions from the 
published analytical methodology for LC-MS/MS 
determination of oestrogens and androgens in biological 
samples is highlighted selecting the most relevant 
and accessible methods from our point of view and 
presenting them from different aspects: the importance 
of the ionization source, chemical derivatization as 
a solution for analytes with poor mass spectrometry 
signals related to the target concentrations in samples, 
and sample preparation as an important step to 
improve sensitivity or to reduce the analytical 
errors. Therefore, our paper emphasizes articles in 
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which normal logistic was employed to solve such a 
difficult analytical problem as steroids determination 
in human plasma in order to encourage the 
implementation of an in-house methodology in a 
laboratory with an appropriate logistic, but not 
necessarily state of the art devices. 
Table I presents a mini-review of liquid chromatography/ 
electrospray ionization tandem mass spectrometry 
(LC-MS/MS) methods for determination of the 
main three oestrogens, oestradiol (E2), oestriol 
(E3), oestrone (E1), and androgens, testosterone (T) 
and dihydrotestosterone (DHT), in single or multiple 
analytes determinations (Table I). Discussions will 
refer to ESI because it is the most widely used 
ionization mode in analytical laboratories [19]. 
 
Prerequisite 

The available methods which can provide simultaneous 
and accurate detection of steroid hormones use 
more expensive and less available equipment. The 

main challenge for an analyst is to find an analytical 
method, which along with specificity, provides a 
limit of quantification necessary for the detection of 
low levels of hormones. The sensitivity of the 
analytical methods is also essential to detect small 
differences of hormone levels [7, 23, 27]. 
Furthermore, the reference range of oestradiol and 
testosterone varies by age, sex, and different 
hormone-related disorders and the normal intervals 
may vary from one clinical laboratory to another 
(Table I). The differences between laboratory 
results are more pronounced when the analytes are 
determined by two different methods, i.e. LC-
MS/MS method and electrochemiluminescence 
immunoassay (ECLIA). It is obvious that LC-
MS/MS methods provide quantification at very low 
levels of concentration in comparison with ECLIA; 
therefore, the LC-MS/MS methods are recommended 
for testosterone assay in serum of children, females, 
and hypogonadal males [45]. 

Table I 
The oestradiol and testosterone reference levels in serum from different laboratories 

Method 
Sample origin 

LC-MS/MS ESI 
[9, 46] 

LC-MS/MS non-ESI 
[43, 45] 

 ECLIA 
[42, 44] 

ECLIA 
[48, 49] 

Oestradiol (pg/mL) 
Females I < 20 5 - 20 6 - 27 6 - 27 Females II < 24 10 - 24 
Females III < 60 7 - 60 NA NA 
Females IV 15 - 85 21 - 85 NA NA 
Females V 15 - 350 34 - 170 NA NA 
Adult female – premenopausal 10 - 350 30 - 300 12.5 - 211 NA 
Adult female – follicular > 300 30 - 100 12.5 - 166 12.4 - 233 
Adult female – luteal 49 - 294 70 - 300 43.8 - 211 22.3 - 341.5 
Adult female – postmenopausal  < 10 < 15 < 6 - 57.7 < 5 - 137.8 
Adult males 10 - 40 8 - 35 7.6 - 42 25.8 - 60.8 

Testosterone (ng/mL) 
Males I 0.07 - 1.2 < 0.025 - 0.1 0 - 0.03 0.03 - 0.32 Males II 0.07 - 8 0.18 - 1.55 0.03 - 4.32 
Males III 0.07 - 12 1 - 3.2 0.65 - 7.78 0.03 - 0.68 Males IV 1 - 12 2 - 6.2 1.8 - 7.63 
Males V 3 - 12 3.5 - 9.7 1.88 - 8.82 0.28 - 11.09 
Adult male 2.5 - 9.5 3.48 - 11.97 3.48 - 11.97 2.85 - 8.01 
Adult female 0.08 - 0.6 0.07 - 0.55 0.03 - 0.49 0.06 - 0.84 

NA – data not available; I, II, III, IV, V – Tanner scale related to the physical development in children and adolescents regarding sex characteristics 
 
Issues regarding ionization of the steroid hormones 

Oestrogens and androgens are neutral molecules in 
physiological conditions; they are not effectively 
ionized using conventional ESI-MS/MS methods 
[1]. Only few methods are described in the literature 
for the determination of oestrogens by using this 
type of ionization (Table II and Table III). Due to 
their phenolic hydroxyl group, oestrogens can be 
detected in negative ionization mode, whereas T 
and DHT could be analysed in positive ionization 

mode. The differences in ionization properties are 
challenging for oestrogens and androgens analysis 
in a single run. Deprotonation of oestrogens is 
facilitated by using a basic mobile phase [17], while 
acidic mobile phase favours the protonation of 
androgens [32]. An appropriate mobile phase is 
necessary to increase the intensity of response of 
the ESI-MS/MS system in order to achieve an 
appropriate sensitivity; therefore, developing a suitable 
LC method is also problematic. 
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Table II 
The ionization mode, m/z fragments and MS parameters for steroid hormones determination 

 SIM (m/z) MRM (m/z) Ionization mode Fragmentor (V) Collision energy (V) Reference 

17β-oestradiol 

271  - 110 NA* [3, 13]  
 271→145 

271→183 - 50 75 [3] 

 271→145 - 80 40 [6] 
 271→145 

271→183 -  46/51 [4] 

 271→145 - 38 78 [16] 
 255→159 

255→133 + NA NA [47]*** 

 273→255 
255→159 + 25 20 [37]*** 

oestratriol 
287  - 110 NA [13] 

 287→171 - 80 35 [6] 
 287→171 - 38 36 [16] 

oestrone 

269  - 110  [13] 
 269→145 

269→143 - 50 40/45 [3] 

 269→145 - 80 40 [6] 
 269→145 - 36 47 [16] 
 271→253 

271→133 + NA NA [47]*** 

testosterone 

 289→97 + 96 27 [32] 
 289→109 + NA NA [22] 
 289→97 

289→109 + NA NA [40] 

 289→97 
289→109 + NA NA [47]*** 

 289→108.8 + 30 25 [37]*** 

15α-testosterone 

 291→255 + NA NA [22] 
 291→255 

291→159 + NA NA [47]*** 

 291→255 + 30 15 [37] 
* data not available; *** simultaneous determination 
 

Table III 
Matrix and the LOD and LOQ values of the analytes 

Analyte SIM (m/z) MRM (m/z) Matrix LOD (pg/mL) LOQ (pg/mL) Reference 

17-β-oestradiol 

X  aqueous sample 10000 NA* [3] 
 X aqueous sample 1000 NA [3] 

X  aqueous sample 250 NA [13] 
 X aqueous sample 0.3 NA [6] 
 X human serum 2 6.2 [4] 
 X human testicular fluid NA 50 [37] 

Estratriol 

X  aqueous sample 500 NA [3] 
 X aqueous sample 1000 NA [3] 

X  aqueous sample 50 NA [13] 
 X aqueous sample 1.5 NA [6] 

Estrone 

X  aqueous sample 5000 NA [3] 
 X aqueous sample NA NA [17] 

X  aqueous sample 100 NA [13] 
 X aqueous sample 0.1 NA [6] 
 X tissue sample 40 13 [25] 

Testosterone 

 X human serum 2.8 9.5 [32] 
 X human serum NA 19.90 [22] 
 X human serum 5600 20 [40] 
 X human testicular fluid NA 100 [37] 
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Analyte SIM (m/z) MRM (m/z) Matrix LOD (pg/mL) LOQ (pg/mL) Reference 

15α-testosterone  X human serum NA 19.90 [22] 
 X human testicular fluid NA 20 [37] 

* NA – not available 
 
LC-ESI-MS/MS methods for the direct determination 
of oestrogens use a mobile phase alkalized by tri-
ethylamine [6] or ammonia solution [4]. For 
chromatographic separation of oestrogens, usually, 
reversed phase columns (C8 or C18) are used. 
Alkaline mobile phase is recommended for a 
suitable LC separation (the pKa values of E2, E1 
and E3 are 10.4 ± 0.3 [5]) and to facilitate the 
deprotonation of the oestrogens [16]. However, 
Lopez et al. uses an LC mobile phase of 
acetonitrile: water in gradient mode [13] without 
adding any modifier. 

The ESI-MS determination of T, DHT, and 
oestrogens after chemical derivatization is another 
strategy of analysis; gradient methods are used with 
acetonitrile or methanol as organic modifier and 
formic acid as acidic modifier [17, 22, 32, 37]. For 
further increase of electrospray efficiency, isopropanol 
can be added post-column to the effluent in order to 
reduce the surface tension [16].  
The characteristic fragmentation pattern of testosterone 
and oestradiol is presented in Figure 1. 
Using derivatization, ESI-MS/MS sensitivity of the 
hormones is enhanced (Table IV) [18, 24]. 

 

 
Figure 1. 

Fragmentation of oestradiol and testosterone 
 

Table IV 
Parameters of the LC-MS methods with chemical derivatization 

Analyte Matrix Derivatization agent Product MRM 
(m/z) 

Ionization 
mode 

LOQ 
(pg/mL) Reference 

17-β-
oestradiol 

Human 
plasma dansyl-chloride 3-dansyl-oestradiol 506→171 + 6.3 [17] 

Human 
plasma dansyl-chloride 3-dansyl-oestradiol 506→171 + 12.7 [28] 

Seminal 
fluid dansyl-chloride 3-dansyl-oestradiol 506→171 + 4.5 [28] 

Human 
serum 

picolinic acid or picolinoyl 
chloride hydrochloryde 

dipicolinoyl ester of 
oestradiol 483→360 + 0.5 [35] 

Human 
serum 

pyridine-3-sulfonyl 
chloride 

pyridine sulfonyl 
ester of oestradiol 

414→272 
414→350 + 10 [34] 

Human 
serum 

4-(dimethylamino) benzoyl 
chloride 

4-(dimethylamino) 
benzoyl oestradiol 

420→148 
420→166 + 0.24 [4] 

ostrone 

Human 
plasma dansyl chloride 3-dansylestrone 504→171 + 11.9 [17] 

Human 
plasma dansyl chloride 3-dansylestrone 504→171 + 4.0 [28] 

Seminal 
fluid dansyl chloride 3-dansylestrone 504→171 + 4.9 [28] 

Human 
serum 

picolinic acid or picolinoyl 
chloride hydrochloryde 

picolinoyl ester of 
estrone 376→78 + 1 [35] 

m/z 271

m/z 145

m/z 183

17β-Estradiol

	  Testosterone
m/z 289

m/z 97

m/z 109
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Analyte Matrix Derivatization agent Product MRM 
(m/z) 

Ionization 
mode 

LOQ 
(pg/mL) Reference 

oestratriol 

Human 
plasma dansyl chloride 3-dansyl-oestratriol 522→171 + 6.7 [28] 

Seminal 
fluid dansyl chloride 3-dansyl-oestratriol 522→171 + 3.4 [28] 

Testosterone 

Human 
serum 

 

O-(3-trimethylammonium-
propyl) hydroxylamine 

bromide 

keto-quaternary 
ammonium 
compound 

403→164 
403→152 + 1 [23] 

Human 
serum 

ultrafiltrate 

O-(3-trimethylammonium-
propyl) hydroxylamine 

bromide 

keto-quaternary 
ammonium 
compound 

403→164 
403→152 + 0.5 [23] 

Dried blood 
O-(3-trimethylammonium-

propyl) hydroxylamine 
bromide 

keto-quaternary 
ammonium 
compound 

403→164 
403→152 + 40 [23] 

 
Sample preparation techniques 

Sample preparation is a critical step for any method of 
analysis, being very sensitive to errors. Furthermore, 
a time and reagent consumption method together 
with multiple operations during the extraction 
procedure reduces the overall efficiency of the 
assay when no automation procedure is involved. 
Therefore, those who are involved in developing a 
particular method try to keep this step as simple as 
possible. A simple extraction procedure, ideally an 
automated one, before the LC-MS/MS analysis of 
the samples guarantees a high-throughput methodology 
which is the goal for any laboratory for routine 
determinations. 
In the case of oestrogens, solid phase extraction 
(SPE) can be used to concentrate and purify 
aqueous samples for analysis. The method developed 
by Isobe et al. [6] uses Autotrep EDS-1 cartridge, 
Because it has binding sites for hydrophilic as well 
as hydrophobic ones E1 and E2 were eluted with 
ethyl acetate and E3 with a mixture of tri-
ethanolamine (TEA)-methanol. The average recoveries 
of the oestrogens were 82% for E1 and E2 and 77% 
for E3. Derivatization methods before LC-MS/MS 
assay require sample preparation by solvent extraction 
with methylene chloride [17, 34], tert-butyl methyl 
ether [28] or diethyl-ether [35]. The organic solvent 
is dried under nitrogen atmosphere and the residue 
is dissolved in sodium bicarbonate buffer [17, 34], 
methanol-ammonium formiate 10 mM mixture [28] 
or in acetonitrile:water 40:60 mixture [35]. The 
extraction efficiency is about 100% in all cases. 
T and DHT can be isolated from human serum 
using liquid-liquid extraction, with ethyl acetate: 
hexane solution [22, 40]. Multiple phase extractions 
are also described, i.e. the extraction with hexane 
followed the first extraction with ethyl acetate:hexane, 
in which case the matrix effects are significantly 
diminished [32]. The rate of extraction is higher in 

the first case (about 100% vs. 73%), but the LOQ 
values are about twenty times lower using multiple 
steps extractions for T analysis through ESI-MS/ 
MS detection. The samples - after drying - were 
reconstituted with formic acid:acetonitrile or water: 
formic acid:methanol mixture in order to increase 
the [M-H]+ ion formation. 
The method described by Star-Weinstock et al. [23] 
uses the support liquid extraction (SLE) with prior 
derivatization, by using diisopropyl ether as solvent. 
From the elution solution, T was then extracted 
with hexane: ethyl acetate mixture followed by 
evaporation and reconstitution in water: methanol: 
acetic acid mixture. 
The sample preparation procedure for simultaneous 
determination of steroids consists of extraction of 
analytes from human serum with acetonitrile [36] 
or methyl tert-butyl ether [8]. Extraction recoveries 
ranged between 90.8% - 108.6% and 81% - 92%. 
Steroids from tissue samples can be extracted in 
diethyl-ether [37] or in methanol when the extraction 
is followed by SPE extraction using HLB cartridge 
[25] or C18 column [33]. The recoveries in these 
cases were similar to those obtained by using 
liquid-liquid extraction. The samples were injected 
into the LC-MS/MS system from ethanol/water, 
methanol/water, methanol/acetonitrile or sodium 
bicarbonate matrix. 
It can be concluded that liquid-liquid extraction of 
hormones from biological samples, i.e. plasma, is 
the main preparation technique. None of the studied 
articles proposes the plasma protein precipitation, 
the simplest method for plasma extraction, in order 
to analyse oestrogen or androgen hormones. Based 
on our experience, we were able to apply the simple 
protein precipitation for hormone monitoring by 
LC-MS/MS in progesterone replacement therapy 
when relatively high levels of hormone were 
determined [14]. We recently managed to solve the 
LC-MS/MS analysis of T and DHT with triple 
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quadrupole or ion trap detection which led to a limit 
of quantification of 1 ng/mL in rat plasma after a 
simple sample preparation, but the methods are 
suitable only for studies regarding the influence of 
aromatase inhibitors which enhance T levels [15, 29]. 
 
Bioanalytical methods for steroid hormones 
determination by LC-MS/MS with other interfaces 

Few methods are described in the literature for the 
simultaneous determination of a variety of steroids, 
using electrospray ion sources, modified ESI, or 
other interfaces. 
A QTRAP MS coupled with an ESI-Turbo V or 
APCI source was applied in positive MRM mode 
for determination of E1 (271→133), E2 (255/159), 
T (289/97) and DHT (291→255) among other 19 
steroid hormones in bovine serum, plasma or rat 
gonad tissue. The LLOQ values for these analytes 
were 0.289 ng/mL, 0.068 ng/mL, 0.1 ng/mL and 
0.152 ng/mL for E1, E2, T and DHT, respectively 
[33]. Using a similar method and equipment, the 
LLOQ values in human serum for these analytes, 
reported by Koal et al., were lower about one order of 
magnitude: 0.03 ng/mL, 0.02 ng/mL and 0.01 ng/mL 
for E1, E2 and T, respectively [10]. 
Photo-ionization ion source (APPI) in positive 
polarity was another interface used for determination 
of E2, T and DHT in human serum, using a triple 
quadrupole MS [8]. The E2 was determined after 
derivatization with 1,2-dimethylimidazole-4-sulfonyl 
chloride, where a protonated molecule was detected 
at m/z 367, which made possible its simultaneous 
detection with T and DHT in their underivatized 
form. The LLOQs were 0.5 pg/mL, 25 pg/mL and 
0.10 ng/mL for E2, T and DHT, respectively. 
Regarding the HPLC separation, water: methanol 
mixture was used as mobile phase. 
Using a Jet Stream ESI-MS/MS, E1, E2, E3 and T 
were determined in human serum in a single run, in 
both positive (T) and negative (oestrogens) ionization 
mode. MRM transitions were used for the quantification 
and qualification of the studied analytes. The method 
has lower sensitivity in the case of oestrogens and 
higher sensitivity in the case of T, compared to the 
ESI-Turbo V ion source, reported by Koal et al. 
(LOQ values are 0.2 ng/mL for E1, E2 and E3 and 
0.005 ng/mL for T) [36]. Jet Stream ESI-MS was 
also used by Surowiec et al., in order to identify 
and quantify E1, E2, T and DHT in tissue samples. 
MRM transitions were followed in positive mode 
for all steroids and the LOQ values were similar to 
the Weisser’s method: 0.13 ng/mL, 0.59 ng/mL, 
0.14 ng/mL, 0.15 DHT for E1, E2, T and DHT, 
respectively [25]. 

There are few LC-MS/MS methods published for the 
determination of steroids, using standard ESI. The 
MS parameters and LOD, LOQ values are listed in 
Table I [47]. MRM analysis in positive mode was 
used for all analytes, including oestrogens. 
 
LC-MS/MS determination of steroids in clinical 
laboratory 

In clinical laboratory, the difficulty to implement an 
LC-MS/MS arises from the standardization of an 
LC-MS/MS methodology which, in general, still 
requires more attention and care than conventional 
clinical laboratory methods. Immunoassay is still 
the main technique for steroid determination in 
biological samples, i.e. serum or plasma. However, 
the LC-MS/MS analysis of steroids became a 
routine in highly developed countries. We took into 
consideration few clinical centres to compare their 
laboratory solutions for hormone determination. The 
ECLIA assay for oestradiol determination, published 
by Synevo, has a detection limit of 5 pg/mL [48], as 
the LC-MS/MS method reported by the Mayo Clinic 
[46]. The ECLIA method reported by the Mayo 
Clinic has a limit of quantification of 25 pg/mL. 
The minimum detectable concentration is 10 pg/mL 
oestradiol by the EIA method reported by the 
ESTRA laboratory [44]. In the case of testosterone 
determination, the ECLIA method yields a limit of 
detection of 25 pg/mL [49]. The Mayo Clinic uses 
an LC-MS/MS method developed by Wang et al. 
[31] with a limit of quantification of 200 pg/mL. 
Comparing the steroid levels measured by different 
techniques – LC-MS/MS and immunoassays (RIA, 
ECLIA) – a good correlation exists (R2 ≥ 0.8649, 
Deming regression analysis), but differences can be 
observed, mainly at low concentration levels, which 
is important in clinical practice (e.g. risk of breast 
cancer in postmenopausal women). As it was expected, 
lower concentrations are accurately measured in 
serum or plasma samples by LC-MS/MS, because 
of the reduced interferences [20-22, 31]. 
Despite the huge number of LC-MS/MS methods 
on steroid determination already published, there is 
a continuous research interest mainly due to the 
difficulty to attend a limit of quantification which 
may allow the analysis of samples with levels of 
pg/mL steroids in plasma, for example in normal 
human samples, and then to propose a sample 
preparation as much as possible to reduce the risk 
of laboratory errors. 
 
Conclusions 

Accurate, simultaneous or individual detection of 
oestrogens and testosterone in serum or plasma 
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samples is very important in clinical practice. The 
LC-MS/MS method seems to be the fundamental 
tool in the near future for clinical laboratories, in 
general, and for steroid hormone determination, in 
particular. This mini-review summarizes the LC-
MS/MS methods (parameters, performances, etc.) 
found in the literature, highlighting the most common 
LC-MS/MS method with ESI interface. Regarding 
the possibility of analysing these steroid hormones 
in a single run, without derivatization, we noted 
that polarity switching between positive and 
negative ionization mode causes reduction in the 
sensitivity of the method. Based on scientific 
literature data, a single-run determination of these 
analytes can be performed in positive ionization 
mode (where the oestrogens also are ionized in 
positive mode), or by using derivatization technique 
for oestrogens (e.g. with dansyl chloride), where 
the resulted adduct is effectively ionized in positive 
mode, making the simultaneous detection with 
testosterone possible. The chemical derivatization 
and the sample preparation by liquid-liquid extraction 
improve the lower limits of detection. 
The high number of methods described in the 
literature suggests that it is possible to find a 
suitable procedure to determine the oestrogens and 
testosterones accurately and specifically by using 
the most common technique configuration, LC-
ESI-MS/MS. However, to develop and implement 
such kind of technique as a routine clinical laboratory 
method is not an easy task, despite the rich 
information from scientific literature. Leung et al. 
[12] recently emphasized that LC-MS/MS for 
routine clinical laboratory analysis has to overcome 
important issues, such as costs of equipment 
maintenance and acquiring personnel with high 
expertise in liquid chromatography coupled with 
mass spectrometry, the latter being difficult and 
time-consuming, but absolutely necessary because a 
high level of experience of the analyst is mandatory 
in order to prevent and solve any potential errors 
when a complex laboratory technique is used. In 
2016 Vogeser et al. [30] stated the role of LC-
MS/MS in clinical chemistry as a “fundamental tool 
of next generation”, but warned about some aspects 
as critical position regarding the role of mass 
spectrometry in clinical diagnosing, the necessity to 
evaluate the “benefit-to-cost ratio” and to conduct 
further developments in this field. 
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