


Outline
• Importance of ADME – in vitro drug metabolism assays in 

species selection

• Metabolism of SMEs in adult population

• Metabolism of SMEs in paediatric population

• Metabolism of SMEs in paediatric disease models

• Metabolism of ASOs in paediatric population
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ADME - PK: some basics

Pharmacokinetics (PK) Relationships between the dosage regimen and the 
profile of the drug concentration in blood and tissues over 
time

Pharmacodynamics (PD) Relationships between the drug concentration-time 
profile and therapeutic and adverse effects

+ enterohepatic recirculation

input

output

bioavailability
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Drug properties & PK characteristics
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Early pharmacokinetic evaluation is pivotal
• Efficacy
• Safety
• Convenient use

“ fail fast  - fail cheap “

Lead optimization

Lead identification

Importance of early PK evaluation
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prodrugs drugs metabolites

Biotransformationmicrosomal cytosolic

Phase-I Phase-II

CYP450 Conjugating 
enzymes

Glutathione S-transferase (GST)
N-acetyl transferase (NAT)

UDP-glucuronosyl transferase (UGT) => microsomes

ADME – drug metabolism
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Haem-containing mono-oxygenase enzymes that play an important role in the oxidative 
metabolism of endogenous substances, natural products and xenobiotics

Inter-
individual 
variation

Drug 
interactions
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CYP450 enzymes
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Göttingen Minipig rCYP3A isoforms: 
ongoing activities
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Expression/Activity?
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CYP Condition pmol/min/mg 
MP

LLOD/
LLOQ

46 Standard 1,36 <LLOD

46 Warm TB 2,36 <LLOD

22 OD = 0.7 34,4 >LLOQ

22 New TB 27,8 >LLOQ

29 36h incub -0,35 <LLOD



Dalgaard et al. Journal of 
Pharmacological and Toxicological
Methods. 2015, 74:80-92.

In practice:
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Conclusion in vitro drug metabolism:
species comparison - selection

• Several in vitro drug metabolism assays for man, dog, 
minipig and nonhuman primates

• Recombinant enzymes for Göttingen Minipig still lacking, 
but under development

• Despite the presence of several in vitro drug metabolism 
assays for Göttingen Minipig, most companies do not 
include this nonrodent species in their testing battery
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DMEs in adult population:
species comparison
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Dalgaard et al. Journal of Pharmacological and Toxicological Methods. 2015, 74:80-92.

Hepatic CYPs – species comparison
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Dalgaard et al. Journal of Pharmacological and Toxicological Methods. 2015, 74:80-92.
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CYP activity in man and nonrodents
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Lignet et al. Pharm Res. 2016, 33:2565-79.

Clearance of compounds - species

18



Heckel et al. BMC Genomics. 2015, 16:932.

mRNA abundance and activity data
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FEMALE MALE

Protein abundance: gender differences

F > M : CYP1A1, CYP1A2, CYP2A19, CYP2E1_2, CYP3A22
Buyssens et al. under submission.
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• Rat (best-characterized)

• Rabbit

• Dog

• Some (mini)pig data

• Limited non-human primate data
Zuber et al. J. Cell. Mol. Med. 2002, 6(2):189-198.

Göttingen Minipig: ideal animal model?
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• Take into account pseudogenes. More prominent in dog 
than in Göttingen Minipig. 

• Dogs no AOX, NAT1 ad NAT2 or CYP2C9-like enzymes => 
Göttingen Minipig better choice

• Pigs no PAPs
• Non-human primates not always a better reflection for 

man e.g. fosdevirine: cysteine conjugate metabolite 
linked to seizures

• Göttingen Minipig high glucuronidation and low 
sulphation compared to man

Further considerations
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Species selection general tox studies

Dalgaard et al. Journal of Pharmacological and Toxicological Methods. 2015, 74:80-92.
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DMEs in paediatric/juvenile population:
species comparison
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Paediatric drug development

• 20% of European population is aged 
less than 16 year

• Majority of medicines have not been 
tested in children

• Differences in drug safety profiles 
between mature and immature bodies

• January 2007: Paediatric Regulation 
No 1901/2006
è safe and efficient drugs for children

Better 
Medicines 
for Children
From 
Concept to 
Reality
PROGRESS REPORT 
ON THE PAEDIATRIC 
REGULATION  EC  
N°1901/2006

COM  2013  443
FINAL

Health and 
Consumers
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Children ≠ adults
Neonate ≠ child

• Especially neonates and infants are of concern due to:
• Prolonged gastric emptying time
• Differences in gastric pH
• High total water content
• Less plasma protein binding
• Decreased glomerular filtration rates
• Immature drug metabolism and transport
• ……. e.g. Gray baby 

syndrome
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≈ human infants
(based upon CNS 
and reproductive
system)

Corresponding age groups
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Corresponding age groups: organ systems
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Corresponding age groups: organ systems
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Corresponding age groups: organ systems
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Ontogeny of DMEs and DTS



Ontogeny profiles of CYP450 activity
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HUMAN GÖTTINGEN MINIPIG DOG

CYNO?



Ontogeny profiles of CYP450 activity
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HUMAN GÖTTINGEN MINIPIG DOG



CYP1A2
Day 28-Adult: p > 0.0025

CYP2C9
Day 28-Adult: p < 0.0025

CYP3A4
Day 28-Adult: p < 0.0025

CYP2D6
Day 28-Adult: p > 0.0025

FAST: CYP1A2 and CYP2D6 SLOW: CYP2C9 and CYP3A4

Onset of CYP activity in Göttingen Minipig
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Female
Male

Female
Male

Ontogeny profiles of UGT activity
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HUMAN GÖTTINGEN MINIPIG 
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Conclusions SMEs

• Gene expression levels of major hepatic DMEs similar in 
Göttingen Minipig and man, but isoform-specific 
differences occur (e.g. UGT1A6, UGT2A1, UGT2A3, 
UGT2B17, FMO1, AKR1C1, CBR3, SULT1C4 and SULT1E1 
higher mRNA expression in Göttingen Minipig)

• Ontogeny of CYPs and UGTs similar pattern in juvenile 
Göttingen Minipigs compared to the paediatric 
populations
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• Effect of cooling therapy
• PK of midazolam, pheno-

barbital, topiramate and
fentanyl ⇣

PBPK model
Sangild et al. J ANIM SCI 2013, 91:4713-4729

PK of SMEs in paediatric disease models
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No overt toxicity

PK of ASOs in juvenile Göttingen Minipigs 
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• Drug metabolism of small molecule drugs in neonatal and 
juvenile Göttingen Minipigs ⎓ paediatric population

• Also a valuable model for new modalities such as ASOs

• Opportunities for assessment of covariates in juvenile
Göttingen Minipig disease models that cannot be addressed
in a clinical setting

GENERAL CONCLUSIONS
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