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Analytical Chemistry

Analytical chemistry is the science of obtaining, 

processing, and communicating information about the 

composition and structure of matter. In other words, it is 

the art and science of determining what matter is and 

how much of it exists.

American Chemical Society

https://www.acs.org/content/acs/en/careers/college-to-career/areas-of-

chemistry/analytical-chemistry.html

https://www.acs.org/content/acs/en/careers/college-to-career/areas-of-chemistry/analytical-chemistry.html


Analytical Pharmaceutical

Chemistry

Analytical chemistry with pharmaceutical focus



Cross-disciplinary
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Analytical Pharmaceutical Chemistry



Analytical Pharmaceutical

Chemistry as an independent 

academic subject



The research group of

Analytical Pharmaceutical

Chemistry 

https://www.ilk.uu.se/forskargrupper/afk/

https://www.ilk.uu.se/forskargrupper/afk/


Research areas

Chromatography-Mass

Spectrometry

UHPLC-MS/(MS)



mRNAGenomic

DNA

Proteins Metabolites

TranscriptomicsGenomics Proteomics Metabolomics

Increasing chemical complexity



Metabolomics

• Simultaneous analysis of ”all” small molecules in a biological

sample.

• Comparison healthy/ill, treated/untreated

• Multivariate statistical methods for data analysis

• Generation of hypotheses



Metabolomics

Effect of H2 inhalation on noise-

induced hearing loss

• Guinea pigs were exposed to impulse sound with and 

without inhalation of H2

• Perilymph (inner ear liquid) was analyzed with HILIC-

Q-TOF-MS (untargeted)

• Collaboration with Professor Göran Laurell 



Metabolomics

H2

Sample preparation
Sample analysis

Sample preparation
Sample analysis



Metabolomics

Multivariate analysis

Univariate analysis

• Analysis of ”all” small molecules

• Finns difference btw groups

• Biochemical explanation?

K. Pirttilä, P. Videhult Pierre, J. Haglöf, M. Engskog, M. Hedeland, G. Laurell, T. Arvidsson, C. Pettersson 

Metabolomics, 15 (2019) 138



Lipidomics

• Analysis of “all” lipids in a sample.

• Regulation of lipids diseased/healthy; treated/untreated



Lipidomics

Effect of anabolic androgenic steroids on the 

lipid profile of rats

• Nandrolone decanoate or testosterone undecanoate

given to Wistar rats

• Blood plasma analyzed with RPLC-Q-TOF-MS

• Comparison of relative plasmaconcentrations of lipids

• Collaboration with Professor Mathias Hallberg



Lipidomics

D. Balgoma, S. Zelleroth, A. Grönbladh, M. Hallberg, C. Pettersson, M. Hedeland, Metabolomics, 

16 (2020) 12

Effect of analbolic

androgenic steroids on the 

lipid profile in plasma



-Pharmaceuticals: 

- Biological activity

- In many cases unknown effect on animals and 

ecosystem

-For a safety evaulation – necessary to know: 

- Where are the substances? 

- What concentration?

- Degradation?

- Toxic metabolites?

Drugs in the environment



Drugs in the environment

© Emelie Sedvall



Drug metabolism – doping control

• Search for analytical targets

• Prolonged detection times



Drug metabolism – doping control



SARM

• Selective Androgen Receptor Modulators

• Anabolic effects, less side effects that anabolic steroids

• Prohibited by WADA since 2008

• Several positive cases in human athletes

• Positive cases in horses

- Metabolized to a high extent

• No registered pharmaceuticals







Structural classes of SARMs

BMS-564,929 S-40503

Andarine (SARM S-4) LGD-4033



Metabolites of SARM S4 in horse urine

Hansson A, Knych H, Stanley S, Thevis M, Bondesson U, Hedeland M., Drug Test Anal. 

2015 Aug;7(8):673-83



Metabolites of SARM S4 n horse urine

3h after i.v. admin



How to obtain reference substances?

Commecial source

-often not possible

Organic synthesis

-time consuming, expensive

In vitro- / in vivo experiments 

with organs/cells/parts of

cells, whole animals

-ethical issues, expensive



Synthesis of Metabolite M3

N. Garg, A. Hansson, H. Knych, S. Stanley, M. Thevis, M. Hedeland, D. Globisch, Org Biomol Chem. 2018,16:698



Fungi against doping

• Fungi of the family Cunninghamella to 

produce metabolites

– Give drug metabolites identical to 

those formed by animals/humans

– Advantages: Simple to handle, 

cheap, no ethical issues, easy to 

scale up



Fungi against doping

• Produced a metabolite of oxandrolone

– Characterized as reference material

• Problem

– Short detection window with earlier target

– New metabolites prolongs detection time

M1 o 

M2

Guddat S, Fußhöller G, Beuck S, Thomas A, 

Geyer H, Rydevik A, Bondesson 

U, Hedeland M, Lagojda A, Schänzer W, 

Thevis M, Anal Bioanal Chem. 2013 

Oct;405(25):8285-94





The implementation of a capillary electrophoresis 

method for quantification of intact adenoviruses in 

upstream and downstream processing

Janssen Vaccines and Prevention

Kantisto BV, the Netherlands

Docent Cari Sänger van de Griend



Analysis within

pharmacokinetics/biopharmaceutics

E. Lilienberg, I. R. Dubbelboer, A. Karalli, R. Axelsson, T. B. Brismar, C. Eberling

Barbier, A. Norén, F. Duraj, M. Hedeland, U. Bondesson, E. Sjögren, P. Stål, R. 

Nyman, H. Lennernäs, Mol. Pharmaceutics 14 (2017) 448-458



Analytical Pharmaceutical Chemistry

https://www.ilk.uu.se/forskargrupper/afk/

https://www.ilk.uu.se/forskargrupper/afk/

