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Who We Are

Boutique CRO for research projects & drug development programs
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We develop, optimize and 

validate analytical methods for 

preclinical/clinical studies and 

pharmaceutical products.

We combine scientific expertise 

with service orientation and high 

quality standards (GLP/GCP).

We offer analytical solutions for 

pharmaceutical product development. 



How can analytical 

methods best 

support metabolic 

research?

How to quantify 

peptides that 

regulate 

metabolic 

processes?

How to use 

metabolomics in 

diabetes and 

obesity research?

How to use stable 

isotope tracers in 

clinical studies?

4 Key Learnings
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Obesity is a 

disease – the 

Epidemiology



Obesity

The Global Tsunami
6

The GBD 2015 Obesity Collaborators. N Engl J Med 2017;377:13. doi:10.1056/nejmoa1614362



Obesity is a disease – the Epidemiology

2017: 650 million adults with obesity 

(BMI>30) worldwide, 110 million children 

with obesity worldwide1,2

Higher increase in children than adults1

1990-2015: Doubling of incidence in most 

countries1,2

Severe comorbidities that are

life-threatening and costly for society
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1 The GBD 2015 Obesity Collaborators. N Engl J Med 2017;377:13. doi:10.1056/nejmoa1614362
2 World Obesity Federation

Obesity



Obesity is a disease

Mechanical 

complications

Metabolic and 

cardiovascular 

complications

Psychological 

complications

Cancer

Obesity
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The GBD 2015 Obesity Collaborators. N Engl J Med 2017;377:103. doi:10.1056/nejmoa1614362



Increased risk of developing severe and life threatening 
comorbidities that are costly for society

Only 2% of the 650 million 

people with obesity are 

treated with medication

Global healthcare costs related 

to obesity expected to 

increase by 20% by 2025

CVD

Diabetes

Heart

failure

Sleep

apnoea

Osteo-

arthritis

Increased risk of

type 2 diabetes

Increased risk of

osteoarthritis

Increased severity 

of sleep apnoea

Increased risk of

heart failure

Increased risk of

cardiovascular disease

Obesity
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1 World Obesity Federation, 2017



The obesity tsunami leads to a fast growing problem in diabetes care

By 2035, diabetes will rise to 592 million

Costs to society are increasing

2014 2035

WORLD

3 8 7
million

WORLD

5 9 2
million
people living 
with diabetes

M iddle  East  and N or th  Afr ica   8 5 %

Sout hea st  Asia     6 4 %

Sout h  a nd Cent ra l Am er ica     5 5 %

W e st ern  Pa cif ic    4 6 %

Europe     3 3 %

Afr ica      9 3 %

5 3 %

N ort h  Am er ica  and Ca r ibbe an    3 0 %

Obesity
10

1 Diabetes Care 2017 Mar; 40 (3): 338 345; 2 https://www.who.int/ cardiovascular diseases en; 3 https://www.diabetes.org/diabetes/complications/ stroke; CVD: 

Cardiovascular disease; OAD: Oral anti diabetic; 4 Diabetes Care 2005 Jan;28(1):164 176; 5 IDF Diabetes World Atlas, 2017, 8th edition
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How to use 

metabolomics in 

diabetes and 

obesity research?



Metabolomics

Credit: JOANNEUM RESEARCH
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Metabolomics Workflow

Sample 

Generation

Sample 

Preparation
Analysis 

Data Processing 

& Statistics

Biological 

Interpretation 

Tissue, tissue 

biopsies 

Biological liquids 
(blood, urine, interstitial 

fluid)

Cell culture &  

supernatant

Extraction of low 

molecular weight 

compounds

Preparation of QC 

sample

Untargeted High 

Resolution Mass 

Spectrometry
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Credit: : https://projects.iq.harvard.edu/files/pfister/files/vis2005_0.pdf



Metabolomics Quality Report

Detected known metabolites: >200

Detected metabolic features: 1500-2000

Quality controls: Median Multivariate statistics 

RSD 8-15%

Mass deviation  

<5 ppm

Vitamins, coenzymes, 

cofactors

OthersNucleotides and 

metabolites

Amino acids,

peptides 

and metabolites

Carbohydrates and 

conjugates

Energy metabolism

Fatty acids and 

metabolites

Lipids, steroids, 

bile acids 

and metabolites

Pharmaceutical, 

xenobiotics

14



Case Study: Alternate Day Fasting

Can Alternate Day 

Fasting (ADF) be an 

alternative to caloric 

restriction?

How is metabolism 

affected by ADF?

Stekovic et al., 2019, Cell Metabolism 30, 462-476 September 3, 2019.  https://doi.org/10.1016/j.cmet.2019.07.016

15

https://doi.org/10.1016/j.cmet.2019.07.016


Alternate Day Fasting

Study Design

30 subjects
60 healthy 

controls

ADF > 6 months 1:1 randomized

ADF 4 weeks
continuous usual 

diet

ADF: every 2nd day – ad libitum

Fasting days: no solid or liquid food, no caloric beverages

16
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Note: no multiple comparison 
corrections across 
parametersChanges between 36 h fasting and 12 h feeding period: Lipids

Free fatty acids including 

polyunsaturated fatty 

acids (PUFAs) and 

phospholipids were 

increased after fasting.

Alternate Day Fasting
17

from https://www.cell.com/cell-metabolism/pdfExtended/S1550-4131(19)30429-2



Alternate Day Fasting

Changes between 36 h fasting and 12 h feeding period: 
amino acids, carbohydrates, energy metabolites

Amino acid related metabolites and carbohydrates were at least 20% lower after fasting: 

18



Overall results

Our Metabolomics Platform found
113 metabolites significantly changed 
(54 up and 49 down)

Periodic shifts towards increased PUFA levels 

b-hydroxybutyrate increased during non-fasted 
conditions.

Framingham risk score for CVD was significantly 
reduced after 4 weeks.

My personal 

challenge:

Lowered blood 

pressure by 20 mm Hg

20
Alternate Day Fasting



Other Case Studies20

Published: September 1, 2016 https://doi.org/10.1371/journal.pone.0161425

Results overview

CDV risk associated metabolites decreased after 

bariatric surgery (BS): Alanine, valine,  choline, 

leucine/isoleucine, phenylalanine, tyrosine

TMAO elevated after BS



Other Case Studies21

Results overview

59 significantly decreased metabolites in 

Adipocyte Glucocorticoid Receptor Deficient 

Mice (GRDAd)

Decreased metabolites related to fatty 

acid/lipid metabolism, amino acid 

metabolites (proteogenic, BCAA)

Adipocyte GR central role in regulation of 

homeostasis, feeding/fasting transition

Promotes obesity and metabolic disorders 

in fat-fed and aged mice



Metabolic phenotyping of first degree relatives of patients with type 1 diabetes.
Zügner E, presented at EASD 2017

link to presentation

N-acetylaspartate catabolism determines cytosolic acetyl-coa levels and histone acetylation in brown adipocytes.
Prokesch A, et al. Sci Rep. 2016, 6:23723.

doi:10.1038/srep23723

Accumulation of basic amino acids at mitochondria dictates the cytotoxicity of aberrant ubiquitin. 
Braun RJ, et al Cell Rep. 2015 ,10(9):1557-1571. 

doi:10.1016/j.celrep.2015.02.009

Targeting the H3K4 demethylase KDM5B reprograms the metabolome and phenotype of melanoma cells.

Vogel FCE, et al. J Invest Dermatol. 2019, 139(12):2506-

2516.e10. 

doi: 10.1016/j.jid.2019.06.124

Cognitive impairment by antibiotic-induced gut dysbiosis: analysis of gut microbiota-brain communication.
Fröhlich E, Brain Behav Immun. 2016, 56:140-55.

doi:10.1016/j.bbi.2016.02.020

Identification of novel metabolic interactions controlling carbon flux from xylose to ethanol in natural and recombinant 

yeasts.

Trausinger G, et al Biotechnol Biofuels. 2015, 25;8:157.

doi:10.1186/s13068-015-0340-x 

Lysosomal acid lipase regulates fatty acid channeling in brown adipose tissue to maintain thermogenesis.

Duta-Mare M, et al Biochim Biophys Acta Mol Cell Biol

Lipids. 2018, 1863(4):467-478. 

doi:10.1016/j.bbalip.2018.01.011

Differential effects of SGLT2 inhibitors on mitochondrial oxidative phosphorylation, glucose uptake, cell energy level

and metabolism in HEPG2 cells and HUVECS.

Zügner E, presented at EASD 2020

link to presentation

Cardioprotection and lifespan extension by the natural polyamine spermidine.
Eisenberg T, et al Nat Med. 2016, 22(12):1428-1438. 

doi:10.1038/nm.4222

Other Selected Metabolomics Studies 
@ JOANNEUM RESEARCH22

https://www.easd.org/virtualmeeting/home.html#!resources/metabolic-phenotyping-of-first-degree-relatives-of-patients-with-type-1-diabetes-ef21bcf5-acb5-4be1-a2e4-880e0a7aa7fc
https://doi.org/10.1038/srep23723
https://doi.org/10.1016/j.celrep.2015.02.009
https://doi.org/10.1016/j.jid.2019.06.124
https://doi.org/10.1016/j.bbi.2016.02.020
https://doi.org/10.1186/s13068-015-0340-x
https://doi.org/10.1016/j.bbalip.2018.01.011
https://www.easd.org/virtualmeeting/home.html#!resources/differential-effects-of-sglt2-inhibitors-on-mitochondrial-oxidative-phosphorylation-glucose-uptake-cell-energy-level-and-metabolism-in-hepg2-cells-and-huvecs-3fd27f8d-5a80-4255-9981-f76b019753bb
https://doi.org/10.1038/nm.4222
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How to use 

stable isotope 

tracers in 

clinical studies?



Stable Isotope Tracers in Metabolic Research

Important Applications

Metabolite turn-over rates (in-vivo)

Lipolysis

Glucose kinetics

Body water content and total energy 

expenditure

Metabolic pathway tracing

24



Metabolomics Supported by Stable Isotope Labelling

13C-Acetate

25



Case study: Lipolysis determination 
by glycerol stable isotope tracer

Credit: JOANNEUM RESEARCH

Geidl-Flueck et al. (2021). Fructose- and sucrose- but not glucose-sweetened beverages promote hepatic de novo lipogenesis: A randomized controlled trial. Journal of Hepatology, 

1–9. https://doi.org/10.1016/j.jhep.2021.02.027

26



Peripheral Lipolysis – FFA recycling

Credit: JOANNEUM RESEARCH
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Glycerol Tracer

glycerol release

from adipocytes

glycerol uptake

liver, muscle

constant glycerol

tracer infusion

glycerol

28



Glycerol Tracer

glycerol

29

glycerol release

from adipocytes

glycerol uptake

liver, muscle

constant glycerol

tracer infusion



Lipolysis determination by glycerol stable isotope tracer

Calculations using “One-Pool-Model” (acc. Steel)

Ra….. rate of appearance of glycerol: measure of peripheral lipolysis

F……..isotope infusion rate: constant Ib (0.1 µmol) 

Vd……0.23 l/kg for glycerol 

C…….. plasma concentration of the tracee: concentration of glycerol 

(E2 - E1)……change in enrichment (TTR) between two consecutive 

samples 

(t2-t1)…. time between two consecutive samples 

𝑅𝑎 = 𝐹 − 𝑉𝑑 C

1 +
E1 + E2

2

x
E2− E1
𝑡2− 𝑡1

/(E1+ E2)/2

Credit: https://zmf.medunigraz.at/oes/oe-fuer-forschungsinfrastruktur/core-
facilities/einrichtung-zur-durchfuehrung-klinischer-studien

30

Coyle et al., 2001, Am J Physiol Endocrinol Metab. 2001;280(3):E391–8. https://doi.org/10.1152/ajpendo.2001.280.3.e391



Overview Results

No difference in energy intake 

between groups

No differences in peripheral lipolysis

No change in total fatty acids or fatty 

acid oxidation rate

2 fold higher basal hepatic fatty acid 

synthesis for fructose and sucrose 

Glucose does not increase basal 

hepatic fatty acid synthesis.

31
Lipolysis determination by glycerol stable isotope tracer
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Impact of C-Peptide Status on the Response of Glucagon and Endogenous Glucose Production to 

Induced Hypoglycemia in T1DM.

Zenz, S. J Clin Endocrinol Metab. 2018 Apr 

1;103(4):1408-1417. doi: 10.1210/jc.2017-01836

Effect of dapagliflozin, saxagliptin, and the combination of both on glucagon, endogenous glucose 

production (EGP) and glycerol in patients with type 2 diabetes

Sach-Friedl, S. Presented at the EASD 2017

link to presentation

Insulin glulisine, insulin lispro and regular human insulin show comparable end-organ metabolic effects: 

an exploratory study. 

Horvath, K. Diabetes Obes Metab. 2008 

Jun;10(6):484-91. doi:10.1111/j.1463-

1326.2007.00734.x

A double-blind, randomized, dose-response study investigating the pharmacodynamic and 

pharmacokinetic properties of the long-acting insulin analog detemir. 
Plank, J. Diabetes Care. 2005 May;28(5):1107-

12. doi: 10.2337/diacare.28.5.1107

Proportional dose-response relationship and lower within-patient variability of insulin detemir and NPH 

insulin in subjects with type 1 diabetes mellitus. 
Wutte, A. Exp Clin Endocrinol Diabetes. 2007

Jul;115(7):461-7. doi:10.1055/s-2007-976512

Other Selected Tracer Studies 
@ JOANNEUM RESEARCH32

https://doi.org/10.1210/jc.2017-01836
https://www.easd.org/virtualmeeting/home.html#!resources/effect-of-dapagliflozin-saxagliptin-and-the-combination-of-both-on-glucagon-endogenous-glucose-production-egp-and-glycerol-in-patients-with-type-2-diabetes-3d221fc7-5100-46f0-b691-042d5ffaa5d4
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1463-1326.2007.00734.x
https://doi.org/10.2337/diacare.28.5.1107
10.1055/s-2007-976512
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How to quantify 

peptides 

that regulate 

metabolic 

processes?



Quantification of glucagon

Insufficient selectivity of 

assays due to precursors

Cross-reactivity because of 

structural similarities with 

e.g. glicentin, oxyntomodulin

Active peptide difficult to 

distinguish from degradation 

product

GRPP Glucagon IP-1 GLP-1 IP-2 GLP-2Proglucagon

Proglucagon 1-61

Glicentin

Oxyntomodulin

GRPP Glucagon IP-1 Glicentin

OxyntomodulinGlucagon IP-1

1-29 Glucagon

3-29 Glucagon

5-29 Glucagon

Glucagon

Glucagon

34



Different glucagon concentrations 
obtained with different assays

Quantification of glucagon

Glucagon levels [pmol/L] Healthy volunteers

(n=20)

T1D Patients

(n=20)

T2D Patients

(n=20)

ELISA 7.0 (5.9 – 8.6) 8.7 (4.3 – 10.9) 11.0 (8.3 – 16.7) *

RIA 66.8 (55.9 – 87.9) 65.9 (49.9 – 84.7) 79.2 (62.5 – 126.1)

*p<0.014 for comparison against healthy volunteers.

35



Case Study: Glucagon in hypoglycemia

10 C-peptide positive and 11 C-peptide 

negative patients

Stepwise hypoglycemic clamp at 

5.5, 3.5, 2.5 mmol/L

Glucagon quantification with selective ELISA

Endogenous glucose production (EGP) 

determination

Zenz S, Mader JK, Regittnig W, Brunner M, Korsatko S, Boulgaropoulos B, et al. Impact of C-Peptide Status on the Response of Glucagon and Endogenous 

Glucose Production to Induced Hypoglycemia in T1DM. J Clin Endocrinol Metab. 2018;103(4):1408–17. DOI: 10.1210/jc.2017-01836

Response to hypoglycemia in newly diagnosed & 
long term type 1 diabetes patients

36

https://doi.org/10.1210/jc.2017-01836


Glucagon levels responded to 

hypoglycemia in both groups.

Higher glucagon in C-peptide positive 

patients 

Glucagon levels in both groups were 

lower than previously reported.

Zenz S, Mader JK, Regittnig W, Brunner M, Korsatko S, Boulgaropoulos B, et al. Impact of C-Peptide Status on the Response of Glucagon and Endogenous 

Glucose Production to Induced Hypoglycemia in T1DM. J Clin Endocrinol Metab. 2018;103(4):1408–17. DOI: 10.1210/jc.2017-01836

Glucagon in Hypoglycemia

Effect of hypoglycemia on glucagon secretion 

37

https://doi.org/10.1210/jc.2017-01836


Zenz S, Mader JK, Regittnig W, Brunner M, Korsatko S, Boulgaropoulos B, et al. Impact of C-Peptide Status on the Response of Glucagon and Endogenous 

Glucose Production to Induced Hypoglycemia in T1DM. J Clin Endocrinol Metab. 2018;103(4):1408–17. DOI: 10.1210/jc.2017-01836

Glucagon in Hypoglycemia
38

Effect of hypoglycemia on glucagon secretion 

Glucagon levels responded to 

hypoglycemia in both groups

Higher glucagon in C-peptide positive 

patients 

Glucagon levels in both groups were 

lower than previously reported

More selective ELISA supported the 

detection of physiological differences.

https://doi.org/10.1210/jc.2017-01836


Quantification of 
insulin and insulin analogues

Simultaneous quantification of 

human insulin and insulin 

analogues for clinical studies

39



Human Insulin Insulin Aspart

LLOQ 3.2 mU/L 6.4 mU/I

ULOQ 201.7 mU/L 101.9 mU/I

Linearity passed passed

Accuracy %Diff= -4%-11% %Diff= -14%--5%

Precision %RSD= 4%-10% %RSD= 4%-12%

Specificity < LLOQ analogue
Cross reactivity

93%-113% 

Hook effect Not observed Not observed

Parallelism %RSD= 6% %RSD=10%

Dilution accuracy %Diff= 10% %Diff= 11%

Quantification of insulin and insulin analogues 

Combing selective and non-selective ELISA

A non-selective ELISA is used to 

determine the sum of insulin and 

insulin analogues.

A selective ELISA is used to 

determine human insulin only.

The concentration of the insulin 

analogue is calculated.

Results are validated according to 

EMA guideline, GLP compliant.

40



Quantification of insulin and insulin analogues 

Case Study: pharmacokinetics (PK) of insulin formulations

Patients at constant blood glucose 

level with human insulin overnight

At t=0 infusion with investigated 

insulin formulation 

PK profiles of investigated insulin 

formulation have to be baseline 

corrected.

41

Credit: Med Uni Graz



PK of insulin formulations

A newly developed formulation showed faster PK 

background corrected PK

Svehlikova, E., Mursic, I., Augustin, T., Magnes, C., Gerring, D., Jezek, J., Schwarzenbacher, D., Ratzer, M., Wolf, M., Howell, S., Zakrzewski, L., Urschitz, M., 

Tschapeller, B., Gatschelhofer, C., Feichtner, F., Lawrence, F., & Pieber, T. R. (2020). Pharmacokinetics and Pharmacodynamics of Three Different Formulations 

of Insulin Aspart: A Randomized, Double-blind, Crossover Study in Men With Type 1 Diabetes. Diabetes Care, dc201017.  doi.org/10.2337/dc20-1017 PMID

42



Credit: JOANNEUM RESEARCH

Mass spectrometry for insulin analysis

Determination of insulin and insulin analogues 
43



Sensitive mass spectrometry for insulin analysis

Determination of insulin and insulin analogues 
44
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Contact us

Key Learnings

- Mass spectrometry-based metabolomics

- Stable isotope tracer methods

- Peptide hormone analysis

are advanced analytical methods that support 

metabolic research.

Mass spectrometry-based metabolomics give a holistic 

picture of biological changes after interventions.

Stable isotope tracer methods can determine 

metabolite turnover rates in clinical trials, e.g. for the 

assessment of lipolysis and glucose kinetics.

High selectivity and sensitivity are key factors to 

quantify peptides hormones. 

thomas.pieber@joanneum.at

christoph.magnes@joanneum.at

reingard.raml@joanneum.at
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