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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
now 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

Analytical Pharmaceutical Chemistry
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Analytical Pharmaceutical
Chemistry as an independent
academic subject

Analytisk farmaceutisk kemi
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The research group
Analytical Pharmaceutical Chemistry

UPPSALA
UNIVERSITET



https://www.ilk.uu.se/forskargrupper/afk/
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Chromatography-Mass
Spectrometry

UHPLC-MS/(MS)

Research areas




UNIVERSITET

Genomic MRNA Proteins Metabolites
DNA
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Genomics Transcriptomics Proteomics Metabolomics

Increasing chemical complexity
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Metabolomics

Simultaneous analysis of "all” small molecules in a biological
sample.

Comparison healthyl/ill, treated/untreated

Multivariate statistical methods for data analysis

Generation of hypotheses

Reproducib’iiity Identification
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Metabolomics

Effect of H2 inhalation on noise-
iInduced 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 G6ran Laurell




vy Metabolomics
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K. Pirttila, P. Videhult Pierre, J. Haglof, M. Engskog, M. Hedeland, G. Laurell, T. Arvidsson, C. Pettersson

Metabolomics, 15 (2019) 138
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Lipidomics

* Analysis of “all” lipids in a sample.
* Regulation of lipids diseased/healthy; treated/untreated

Apolipoprotein
Unesterified PP
Cholesterol ! Cholesteryl Ester




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
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Anabolic Androgenic Steroids

ac-CoA SPT synthesis
~— | ofGLs
sphinganine LPA(P) 7 7
¢' ‘,-"J .
De novo synthesis e
of sphingolipids e !
v v v

Decrease of
ceramides and
sphingomyelins

Decrease of
triacylglycerides
with P, S, Pe, O

Decrease of
phospholipids
with P, S, Pe, O

Lipidomics

Effect of analbolic
androgenic steroids on the
lipid profile in plasma

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

16 (2020) 12



Drugs in the environment

UNIVERSITET

-Pharmaceuticals:
- Biological activity

- In many cases unknown effect on animals and
ecosystem

What concentration?
Degradation?

Toxic metabolites?




Drugs Iin the environment
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sl Drug metabolism — doping control

« Search for analytical targets
Deutsche * Prolonged detection times
Sporthochschule Koln

German Spert University Cologne

UCDAVIS

E‘:}]‘E University of
Kentucky:




Drug metabolism — doping control
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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
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Protein Sparing Modified Fast

PSMF GUIDE COMMUNITY FA.Q. SUPPLEMENTS PSMF CALCULATOR PSMF RECI

You are here: Home / Sarms / SARMS — (Step-by-Step) Complete Beginner’'s Guide

SARMS - (Step-by-Step) Q00
Complete Beginner’s Guide
NOVEMBER 17, 2017 BY PSMF DIET
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Metabolites of SARM S4 n horse urine
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3h after i.v. admin
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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
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Synthesis of Metabolite M3
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N. Garg, A. Hansson, H. Knych, S. Stanley, M. Thevis, M. Hedeland, D. Globisch, Org Biomol Chem. 2018,16:698
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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

UNIVERSITET

 Produced a metabolite of oxandrolone
— Characterized as reference material
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— Short detection window with earlier target : A J/L/
— New metabolites prolongs detection time Oxandrolon i
Metaboliterna
oxm2 | | 354 (-15 days)
oxmi | : : : : : : : 425 (15 days)

18-nor-oxandrolone I ‘ 138.5 (~E days)

Guddat S, Ful3holler G, Beuck S, Thomas A, wovoxanarscre. | oo (0o
Geyer H, Rydevik A, Bondesson —
U, Hedeland M, Lagojda A, Schanzer W,
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WYHETER  NARNGSLY KULTUR oPmion TR

LIVERESULTAT FOLJMATCHEN  STATISTIK & TABELLER  ERAGDGULDET  SPRING

Fyra fran Aten-OS frantagna medaljer

Fyra medaljorer fran OS5 i Aten 2004 frantogs pa onsdagen sina medaljer av Internationella
olympiska kommittén (IOK). Nya analyser av dopningsprover har pavisat spar av anabola
steroider.

Vilkommen till SvD. Du har hamnat pa den hér sidan via Google. L mendera |4

Stk fler artiklar om guldmedaljor i kula Aten pd SvD.se Till SvDs startsida W Twseta |41

5 decemier 2012 Kl 19:43 , uppdsteradt 5 decamioer 2012kl 2057 O R B

De fyra ar Jurij Belonog, ukrainsk guldmedaljér i kula, Ivan 2 &8 AT
Tichon, vitrvss som tog silver i sldgga, samt vitrvszkan Irina

Jatjenko och rvskan Svetlana Kriveljova, som tog brons i

dizkus respektive kula.

FREDROTT
Blir av med 0S-guld efter dopningsaviéjanden
Publicerat: onsdag § december 2012 ki 1927, Radiosporten

Fyra medaljgrer fran 05 i Aten 2004 har frantagits sina
medaljer av Internationella olympiska kommittén.

Mya analyser av dopningsprover har pavisat spar av anabola
steroider.

Dee fyra &r Jurij Belonog, ukrainsk guldmedaljor i kuls,
Iwan Tichon, vitryss som tog silver i sligga, samt vitnyskan
Irina Jatjenko och ryskan Svetlana Kriveljova, som tog brons i Jur Ssionog. Uirsine, oir sy med 52 0Sguid
diskus respektive kula. R A S

3 : " e friidrott
Det &r andra gangen som Belonog frantas en OS-medalj pa rom frildr

nd av dopning. Efter bronsst i Feking 2008 3kte limnade han * MY turkisk
o _3‘-' pr-"-m e I ™ = " " dopningsskandal
ocksa ett positivt prov. !
¥ Ingen Ternéus — men Flink

En femte medaljdr i Aten-05 riskerar ocks3 att far tivla i Zirich
diskvalificerss. Dennes namn kommer att tillkinnages senars, » Lingsta sliggkastet p3 17
pd grund av en férsening i hanteringan av dopningsprovet. air

Efter OS i Aten har alla tester frin spelen férvarats nedfrystai  » Rogge: "Hen borde inte ha
dopningslaboratoriet | Lausanne under en tid av atta ar. sagt sa”

| och med att analysmetoderna forfinats har 10K har beordrat :t't'::':lft": Gﬁ: ;";‘;E* varit fegt
omtest av 105 prover frin Aten, som 3r det spel zom haft g

dopningsfall | den ohympiska historizn. ) Frenumerera

Radincnnrten/TT

facebook.
=3

» Se senaste
forstasidorna

Fyra }rén Aten-OS
3 frantagna medaljer

Langdskidor
SO Fyra medaljorer fran OS i Aten awese:
Tennis . .

2004 frantogs pa onsdagen
Malservice sina medaljer av NY LOOK MED
CIBTELEEVRNTEN Internationella olympiska LANGT HAR!
SHL Live kommittén (I0K). Nya analyser 16 inewm \ishir
Fotboll Live av dopningsprover har A

Hockey Live Avi. ) Hete Lawm e
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: steroider. Saaleh leverans
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SENASTE NYTT 21:46 Akademiska vill varva donatorer | 21:37 Motionsfest for riksdagen | 21:33 Har kastas sten mot

(3/3) Axel Rydevik.

Tradsvamp fallde fuskare

O 06 140519 = Kommente Ssrivu ngoo Pres
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FORSKNING En oansenlig svamp och ett doktorandarbete A
vid Uppsala universitet spelade en avgérande roll nar tva
medaljorer vid OS i Aten atta ar senare kunde avslojas
som dopade.




The implementation of a capillary electrophoresis
method for quantification of intact adenoviruses in
upstream and downstream processing
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& Analysis within
sl pharmacokinetics/biopharmaceutics

Loaded DC beads Systemic Pharmacokinetics
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E. Lilienberg, I. R. Dubbelboer, A. Karalli, R. Axelsson, T. B. Brismar, C. Eberling
Barbier, A. Norén, F. Duraj, M. Hedeland, U. Bondesson, E. Sjogren, P. Stal, R.

Nyman, H. Lennernas, Mol. Pharmaceutics 14 (2017) 448-458
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Drug and
drug metabolites

Pharmaceutical
analysis

Bioanalysis

Drugs in the enviroment

Drug and API analysis

Metabolomics : ;
Chiral separations
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