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Drug Metabolism and Pharmacokinetics 

(DMPK) both in vitro* and in vivo* studies 

• Adsorption 

• Distribution 

• Metabolism 

• Excretion 

* Term originate from Latin and vivo translate to “life” and vitro to “glass” 

Stenhagen Analyslab AB 



LC/MS 

In Vivo PK 

Metabolic stability 

Caco-2 Metabolite ID 

Solubility 

Plasma protein binding 

LC/MS in drug metabolism/disposition studies 
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Mass spectrometers separate ions according 

to their mass to charge (m/z) ratios 

1. Quantitative information about samples 

2. Qualitative structural information 

3. Sensitive for a wide range of compounds 

4. Extremely selective 
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Components of a Mass Spectrometer 

Vacuum System 

Inlet 

eg. LC 

Ion 

Source 

Mass 

Analyzer 

 I 

Mass 

Analyzer 

II 

Detector 
Data 

System 

Collision cell 
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Ion Sources 

• High vacuum sources 

– Electron Ionization (EI) 

– Chemical Ionization (CI) 

– Field Desorption (FD, FI) 

– Fast atom bombardment (FAB. LSIMS) 

– Matrix-Assisted Laser Desorption (MALDI) 

• Atmospheric Pressure Ionization (API) 

– Electro spray Ionization (ESI) 

– Atmospheric Pressure Chemical Ionization (APCI) 

– Atmospheric Pressure Photo ionization (APPI) 

– Atmospheric Matrix-Assisted Laser Desorption  
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EI mass spectrum of methanol 
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EI mass spectrum of decane (C10H22) Mw 142 

Stenhagen Analyslab AB 



Stenhagen Analyslab AB 



Stenhagen Analyslab AB 



Application range of various ion sources 

EI 

FAB 

Electrospray 

Polarity 

Mw 

1000 

10 000 

100 000 

nonpolar Very polar 

APCI 
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Electrospray lonization for mass 

spectrometry of large 

biomolecules  

J B Fenn, M Mann, C K Meng, S F Wong, and C M Whitehouse  

1985 

Chemical Engineering Department, Yale University, New Haven Photo 2007 GS 



• Suitable to a wide range of 

polar non-volatile 

compounds 

• Sensitive (low pg amounts) 

• Soft ionization technique 

(gives molecular weight) 

• Robust 

• Interface LC-MS 

Electrospray (ESI) 

Nobel Prize 2002 to John B. Fenn for application of ESI-MS to biological macromolecules 
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Schematic of electrospray ionization process 

N B Cech & C G Enke Mass Spectrom Reviews 2001, 20, 362 
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Electrospray – Positive Ion Polarity

Partitioning of charge

and neutral species

E
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Surface Tension

Heated Drying Gas Flow
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Nebulizing Gas Flow 
Velocity Shearing Forces

Electrospray with Pneumatic Nebulization Assist – Positive Ion Polarity

Partitioning of charged

and neutral species
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The major steps in ESI 

• Formation of a Taylor cone with excess of positive charge 

on its surface 

• Formation of charged droplets 

• Shrinkage of droplets through evaporation and coulombic 

fission (droplet disintegration into smaller droplets due to 

increased charge density) 

• Ionization takes place in gas-phase ions produced by ion 

evaporation from small highly charged droplets 

N B Cech & C G Enke Mass Spectrom Reviews 2001, 20, 362 

E de Hoffmann & V Stroobant Mass Spectrom: Principles and 

Applications, 2nd ed, J Wiley & Sons, 1999 Stenhagen Analyslab AB 



Electrospray ionization process 

Suppression: Interacts with evaporation 

or  with gas phase ion formation 

Analyte: A 

Solvent: S 

charged 

droplet 

S 
A 

SH+ 

cluster ion 

solids 

lost 

droplets 

drying + 

coulombic explosion 

drying +  

ion evaporation 

lost neutrals 

AH+ 

gas phase 

ion 

drying,  

declustering 

+ 
+ 

+ 
+ + + 

+ + 

liquid 

MA 
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Orthogonal Spraying 

The concept used by most manufactures today 
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Factors affecting electrospray ion formation 

System variables 

ES-capillary diameter 

ES-capillary voltage 

Distance to counter electrode 

Heat capacity of ambient gas 

Solvent saturation level of ambient gas 

Compound variables 

Surface activity 

Proton affinity 

pKa 

Solvation energy 

Method variables 

Flow rate 

pH 

Solvent properties (boiling point, surface tension etc.) 
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Atmospheric Pressure Chemical Ionization 

APCI 

• The mobile phase and analyte are nebulized 

• The droplets are vaporized 

• The mobile phase molecules are ionized by electrons 

from the corona discharge 

• The analyte molecules are ionized by the mobile 

phase ions 

• Ionization takes place in the gas phase 
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APCI ionisation process 

Analyte A 

Solvent S 

droplet 

S 
A 

S 

uncharged cluster 

solids on surface 

drying drying 

AH+ 

gas phase 

ions 

chemical ionisation 

solid particles 

S 
A 

SH+ 
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ESI 

+ Few parameters to optimise 

+ Excellent for proteins 

+ Can handle unstable 

molecules 

+ Works with nanoLC 

- Low sensitivity with non-

polar substances 

- Limited linear range 

 

 

APCI 

+ No flow splitting 

+ Can handle polar and non-polar 

substances 

+ Large linear range 

- Can not be used with thermally 

labile substances 

- No multicharging 

ESI vs APCI 
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Compatability of API-MS with  Chromatography 
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Mass Analysers 

• Magnetic Sector  

• Quadrupole 

• Time-of-flight (TOF) 

• Ion Trap 

• Orbitrap 

• Fourier Transform Ion-Cyclotron 

Resonance (FTICR) 

Stenhagen Analyslab AB 



Stenhagen Analyslab AB 



Magnetic sector mass spectrometer 
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Double-focusing mass spectrometer 
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Definition of Resolution 
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How does the quadrupole work? 

The quadrupole consists of four 

parallel rods.  The opposing rods 

have the same polarity while 

adjacent rods have opposite 

polarity. 

An electrical field is created by applying a direct current (DC) 

and radio frequency (RF) voltage to each rod.  

 

Ions are scanned by varying the DC/RF quadrupole voltages. 

Only ions with the selected mass to charge ratio will have the 

correct oscillatory pathway in the RF field. 

 

All other ions are filtered out of the ion beam. 

+ - 

+ - 
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+ 

+ 

+ + 

The      ion is transmitted along the quadrupole in a stable 
trajectory Rf field.  The      ion does not have a stable 
trajectory and is ejected from the quadrupole. 
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The quadrupole scans by ramping the 

DC/RF voltage in time across the rods. 

At any given time ions of only one m/z are allowed to pass 
through to the detector. All other ions are rejected. 
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Schematic of a Triple Quadrupole 

 Mass Spectrometer 

Q1 q2 Q3 

Focusing lenses q2 is a collision cell 

(quadropole using RF only) 

Detector 

Ion source 
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MS/MS-scan functions 

• Daughter ion scan – MS1 is set on parent ion mass and 

MS2 is scanned 

 

• Parent ion scan – MS2 is set on daughter ion mass and 

MS1 is scanned 

 

• Neutral loss scan – MS1 and MS2 are linked with an offset 

of the lost mass and both are scanned synchronized 
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Quantitation 
 

• Total-ion chromatogram (TIC) by summing the 

intensities  of all the peaks in each spectrum vs the 

spectrum number, i.e. time 

• Mass chromatogram by summing intensities of peaks 

in a narrow mass window 

• Selected Ion Monitoring/Recordning (SIM, SIR) 

• Selected/Multipel Reaction Monitoring (SRM, MRM) 

 

To increase the sensitvity of the system we can use the 

high selectivity of the mass spectrometer. 
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TIC 

(Total Ion Current) 

Mass 

Chromatogram 

Stenhagen Analyslab AB 



Selected Ion Monitoring (SIM) 

Q1 q2 Q3 

RF only 

Collision gas off 

Fixed m/z 

(one or more) 

We could also do this on a single quadrupole 
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Selected Reaction Monitoring (SRM) 

We need a triple quadrupole to do this 

Q1 q2 Q3 

Collision gas on 

Fixed m/z 

(one or more) 

Fixed m/z 

(one or more) 
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Optimization using daugter mass spectra at different collision energy 
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28-Nov-2002  14:32:0521:41AR-H071949 0.2 nM

Time
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28-Nov-2002  09:51:3721:41AR-H071949 0.2 nM
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10000

100000

1000000

1 100

Almokalant

Propranolol

Diazepam

Verapamil

1000

10000

100000

1 100

Almokalant

Propranolol

Diaezpam

Verapamil

SIR 

MRM 

Comparison SIR/MRM on control substances 

Advantage SIR 

• No need for optimisation 

• Sensitivity similar for many 

compounds 

• High signal level 

• Simpler set up 

Advantage MRM 

• Very selective 

• Easy to integrate peaks 

• High signal to noise 
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Protein Precipitation (PPT) 

 
1. Aliquot of sample 
2. Spike with internal standard 
3. Add cold acetonitrile 
4. Vortex 
5. Centrifuge 
6. Remove supernatant 
7. Reconstitute 
8. Transfer to plate 
9. Inject onto LC column 

Sample preparation 
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Autosampler: CTC/PAL 

LC gradient system: Shimadzu 

LC columns: 1) Waters Xbridges IS C18 2.5µm 2.1x20mm 

  2) AMT Halo C18 2.7µm 2.1x30mm   

Mobile phase flow: 0.7ml/min 

Gradient:5-95% Acetonitrile/H2O in 1min + 95% for 0.5 min 

Injection volumn: 5µl 

Chromatographic method 
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Liquid Chromatogram 

16-Oct-20036:472560_A02_STD_2

0.20 0.40 0.60 0.80 1.00 1.20 1.40
Time0

100

%

0

100

%

104469_43166 Sm (SG, 2x4) SIR of 2 Channels ES+ 
TIC

1.20e7
Area

0.48
226513

0.88
35428

104469_43165 Sm (SG, 2x4) SIR of 2 Channels ES+ 
TIC

1.22e7
Area

0.48
226342

0.87
41705

Column: 30mm x 2.1mm ID, C18  

Flow: 0.6ml/min, 5% - 95% ACN:H2O 1.5min 

 

Cycle time: 2.2 min 

A CaCo-2 assay with 640 samples can be analysed in less 24 hours 
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P3 Calibration curve y = 0,1764x

R2 = 0,9999
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FDA guidelines: 
 

• The calibration curve should cover the entire anticipated 

range. 

 

• The simplest model that adequately describes to 

concentration-response relationship should be used. 

 

• Selection of weighting and use of a complex regression 

equation should be justified. 
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AZ-33 y = 0.0156x

R2 = 0.9995
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AZ-81 y = 0.0355x

R2 = 0.9991
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Mice plasma 

LC Shimadzu/CTC PAL, Xbridges C18 2.5µm 2.1x20mm, flow 0.7ml/min, gradient 5-95%ACN/H2O 1min 95% 0.5min 

Calibration curve 

Time exp. 
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Bovine Cytochrome C  
Mw 12 240 Da 

 

Positive ion ESI mass spectra 

pH 2.6 

pH 3.0 

pH 5.2 

unfolded 

folded 
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0.57 Min. A: 243767.69 
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LC Shimadzu/CTC PAL, Xbridge IS C18 2.5 µm 2.1x20mm, flow 0.7ml/min, gradient 5-95%ACN/H2O 1min 95% 0.5min 
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AZ y = 0.1764x

R2 = 0.9999
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Calibration curve PL 33 
1 – 20 000 nM 

1, 10, 100, 1000, 5000, 10000, 20000 nM standard points 
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Time-of-flight mass spectrometry (TOF) 
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Time-of-flight mass spectrometry (TOF) 

1. Bundles of ions are 
pulsed down the 
flight tube. 

2. Ions have a velocity 
relative to their 
mass. 

3. Their arrival time at 
the detector will be 
relative to their 
m/z. 

Linear TOF 

Single-stage reflectron TOF 

R J Cotter Anal Chem 1999, 445A Stenhagen Analyslab AB 



Q-Tof 
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Crizotinib (Pfizer) 
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Drug Metabolism: phase 1 reactions 

Oxidation 

Dealkylation 

Reduction 

Hydrolyse 
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Drug Metabolism: phase 2 reactions 

Glucuronide 

Glutathione 

Sulphate 

Methylation, 

acetylation 
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01-Dec-2004  10:17:462:44Albendazole Rat 60min

Time
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MetID_041112_CL_control_30 Sm (Mn, 1x1) 1: TOF MS ES+ 
210_1000 0.01Da
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Met ID using 1.7µm 50 x 2.1mm C18 column 

Flow rate 0.7 ml/min, gradient 5-95% ACN:H2O in 4 min 
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C25H31
3HF3O5S 

C25H32F3O5S 

Isotope modelling 
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Isotope Labelling AZ10774446
SN Results in percent

AZ AZ10774446

Submitter Jonas

Formula, non labeled,not charged C25H31F3O5S iterative serial number

charge state (tex -1 eller 1) 1 91.240 90.518 0

label atom T 8.854 9.339 1

Maximal number of label positions 2 -0.094 0.188 2

Purity in % (UV 210nm) 0.000 -0.046 3

Project name 0.000 0.002 4

Exact mass for labelled compound 502.1927 0.000 0.000 5

Exact mass for non-labelled compound 501.1917058 0.000 0.000 6

Average molecular mass 500.707 0.000 0.000 7

Specifik Radioaktivitet (kBq/nmol): 92.21 0.000 0.000 8

m/z Sorted data 0.000 0.000 9

501 249990.08 501.2013 0.000 0.000 10

502 57909.83 502.2064 0.000 0.000 11

503 45649.01 503.2098 0.000 0.000 12

504 7925.51 504.2036 0.000 0.000 13

505 2638.84 505.21 0.000 0.000 14

506 596.93 506.2154 0.000 0.000 15
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High Resolution Accurate Mass Measurement 

Elemental Compositions 

Stenhagen Analyslab AB 



Accurate Mass Measurements 
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Accurate Mass at Nominal Integer Mass 58 
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How many ppm Accuracy is needed? 
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Elemental composition 
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LC Shimadzu/CTC PAL, Halo C18 2.7µm 2.1x30mm, flow 0.7ml/min, gradient 5-95%ACN/H2O 1min 95% 0.5min 

Isotope modelling 
Isotope modelling 

Imatinib 

Isotope peaks of Imatinib (filled) 

unknown 

Isotope peaks of unknown (filled) 

Mass chromatogram of m/z 494 

Imatinib 

Unknown mass chromatographic peak 
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Orbitrap 
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Extreme MS Performance: The Speed Compromise  

speed 

re
s
o
lu

ti
o
n
 

TOF 

60k 

1Hz 20Hz 

FT and trapping techniques: 

performance is inverse to 
speed  

20k 

…Mass spec free area.. 

TOF: high speed but limited 
resolution 
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Figure 1. Schematic diagram illustrating the operating principle of DOFMS. Ions are electrostatically 

pushed to a constant momentum along a direction orthogonal to the incoming ion beam. Once within 

the field-free region, ions separate according to their mass-dependent velocities (ions of larger m/z 

are represented by bigger circles). At a given detection time (tdet), ions are collectively accelerated 

onto a position-selective detector via a constant-energy voltage pulse applied to the DOF repeller 

electrode.  In our current instrument, a microchannel plate (MCP)–phosphor detector is employed to 

determine ion position at tdet.  

Distance-of-Flight MS Instrument 
 

Alexander W. G. Graham, Steven J. Ray, Christie G. Enke, Charles J. Barinaga, 

David W. Koppenaal, Gary M. Hieftje 

 
J. Am. Soc. Mass Spectrom. (2011) 22:110-117 
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Electrospray Ionization of PurL 
(Formylglycinamide Ribonucleotide Amidotransferase) 

Observed MW: 143 500 +/- 23 

Theoretical MW: 143 635 

2008 

Fred W. McLafferty et. al, ASMS 2008 Stenhagen Analyslab AB 



Top Down Identification and Characterization 

 of Biomolecules 

Protein mixture 

Accurate mass of each molecular ion 

Dissociation* (MS/MS) 

of each directly give its 

sequence 

*) 

•  Collisionally activated dissociation, CAD 

•  Infrared multiphoton dissociation. IRMPD 

•  Electron-capture dissociation. ECD 

•  Electron-transfer dissociation. ETP 

•  Prefoldin dissociation. PFD 

•  Activated ion electron-capture dissociation. AI-ECD 

•  High energy dissociation HCD 

Further dissociation (MS3) give location of modification etc. 

Stenhagen Analyslab AB 



Goals for Top Down Disease Proteomics: 

Finding the meaning of protein 

modifications occurred in vivo 

•Solve its molecular complexity and for 

quantification of positional isomers even 

with labile modifications 

•Allowing to establishing the relevance of 

such modifications to physiological 

functions and disease status 

* to date the largest protein resolved isotopically 

* 
Top Down Disease Proteomics: Deciphering Protein 

Modifications for Understanding and Diagnosis of Human 

Diseases 

Ying Ge, Lisa Xu, Inna Rybakova, Vlad Zabrouskov, Richard L. Moss, 

Jeffery W. Walker 

ASMS 2008 
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Characteristics of Mass Analysers  
Method Measured Mass to 

Charge 

Range 

Resolution Mass 

Accuracy 

Dynamic 

Range 

Operating 

Pressure 

(torr) 

Sector 

Magnet 
Momentum 105 105 <3 ppm 107 10-6 

Time of flight 
Flight time 106 103-105 <2 ppm 104 10-6 

Ion Trap 

Electrostatic 

IT 

Frequency 104-105 
103-104 

105 

0.1% 

<2 ppm 
104 

10-3 

10-7 

Quadrupole 

  

Filters for 

m/z 
103-104 103-104 <10ppm 105 10-5 

Ion 

Cyclotron 

Resonance  

Frequency 

 

105 

 
106 

 <1 ppm 
104 

 10-9 

Orbitrap  
Frequency 105 105 <2 ppm 104 10-9 
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Uses of Mass Spectrometry in Organic and Biological Chemistry 

Application Samples Methods Comment 

Molecular weight 

determination 

Pure compounds, 

mixtures 

Recognize intact 

molecular ion in 

spectrum 

Several ionisation 

methods can be used for 

confirmation 

Molecular formula 

determination 

Usually pure 

compounds but also 

mixtures by LC-MS or 

GC-MS 

High accuracy mass 

measurement on 

molecular ion 

High accuracy alone 

seldom gives a unique 

molecular formula 

Molecular structure 

determination 

Pure compounds or 

mixtures by LC-MS, 

GC-MS, and MS-MS 

Spectrum-structure 

correlations; library 

comparisons 

Confirmation of 

suspected structures is 

usual; de novo 

interpretations rare 

Sequence determination Proteins, other 

biopolymers 

Tandem mass 

spectrometry (MS-

MS) 

Sensitive, very rapid and 

increasingly useful 

Isotopic incorporation and 

fractionation 

Naturally and artificially 

labelled compounds 

(13C, 2H, 18O, etc.) 

Ion abundance 

measurements 

Precise isotope ratio 

measurements require 

special instrument 

Quantification Mixtures by LC-MS or 

GC-MS 

Selected ion detection 

(SIR) or multiple 

reaction monitoring 

(MRM)  

Sensitive and very 

selective 
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Molecular weight 

 

Molecular formula 

 

Molecular structure 

 

Sequence 

 

Isotopic incorporation 

 

Quantification 

 

Summary of what we can do with mass spectrometry 
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End 
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