
Prof. Dr. Sandra Klein

Department of Pharmacy

University of Greifswald, Germany

PQRI Workshop •  Model-Informed Drug Development (MIDD) Approaches in Pediatric Formulation Development   •  February 28-29 •  2024

Current Landscape of Pediatric Biorelevant In Vitro 

Dissolution Testing 



Oral drug delivery

Oral drug absorption – depends on …

• drug release from the dosage form

• drug solubility and stability in the GI fluids

• drug permeability through the GI mucosa

• GI fluid volumes and properties

• available GI absorption surface area

• GI passage / motility / residence times

• dosing conditions & co-medication

 developmental aspects of the GI system

 conditions affecting the relevant GI physiology



Assessment in clinical trials

• limited number of healthy subjects

• often young adults

• standardized study protocol

Biorelevant dissolution testing

• prediction/estimation of in vivo drug release and absorption

• biorelevant dissolution setups (media and apparatus) for mimicking dosing in fasted and fed states

Oral drug absorption in adults 
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Oral drug absorption in children

 can we extrapolate from data obtained in adults?

 can we predict the in vivo performance of 
pediatric medicines based on in vitro or in silico data?

Children are no small adults!



Oral drug delivery in children

How can we predict oral bioavailability in children?

• simple scaling is not sufficient

• no standardized clinical dosing protocol available

→ need to establish predictive in vitro and in silico tools

• information on GI-physiology

• information on how pediatric dosage forms are administered 

• in different age groups and environments 



What can be done with this information?



Biorelevant in vitro dissolution testing

Need to establish predictive methods

• children of different age groups

• dosing in the fasted state, with a meal or a dosing vehicle

• children in different environments

→ biorelevant media

→ apparative setup
Where to get reliable 

data for establishing

such methods?



Our starting point …

• acquisition of data relevant for designing 
in vitro and in silico models

• pediatric GI physiology & 
significant disease-related changes

• healthy children

• different age groups

• prandial status

• large cohorts

• non-invasive assessment

Wollmer E et al. Adv Drug Deliv Rev. 2022 Feb;181:114084.
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Ontogeny of GI luminal conditions – target parameters

Wollmer E et al. Adv Drug Deliv Rev. 2022 Feb;181:114084.



Gastric fluid volume

Wollmer E et al. Adv Drug Deliv Rev. 2022 Feb;181:114084.



Gastric fluid pH

Wollmer E et al. Adv Drug Deliv Rev. 2022 Feb;181:114084.



Duodenal bile salt concentration

Wollmer E et al. Adv Drug Deliv Rev. 2022 Feb;181:114084.



Biorelevant in vitro dissolution media - toolbox

→ children of different age groups

→ fasted and fed-state dosing conditions

Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157 



Identification of target parameters – fasted state

Simulated Pediatric Resting Gastric Fluids (SPRGFs)

Simulated Pediatric Resting Small Intestinal Fluids (SPRSIFs)

Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157



Biorelevant media design – fasted state

Simulated Pediatric Resting Gastric Fluids (SPRGFs)

Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157 



Biorelevant media design – fasted state

Simulated Pediatric Resting Small Intestinal Fluids (SPRSIFs)

Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157 



Development of simulated pediatric breakfast media (SPBM)

Objective

• to enable simulation of upper GI conditions after drug administration with typical children's breakfasts
in different geographical regions of the world

Freerks L et al., J Pharm Sci, 2022;111(1):51-61



Media development

a) Literature screen to identify typical 
breakfasts

b) Breakfast preparation and 
homogenization 

c) Determination of the physicochemical 
properties, i.e., pH, buffer capacity, 
osmolality and surface tension

d) Documentation of 
fat:protein:carbohydrate ratios and 
caloric content

Freerks L et al., J Pharm Sci, 2022;111(1):51-61

Development of simulated pediatric breakfast media (SPBM)



Media development

a) Literature screen to identify typical 
breakfasts

b) Breakfast preparation and 
homogenization 

c) Determination of the physicochemical 
properties, i.e. pH, buffer capacity, 
osmolality and surface tension

d) Documentation of 
fat:protein:carbohydrate ratios and 
caloric content

e) Preparation of standardized media -
SPBM

Freerks L et al., J Pharm Sci, 2022;111(1):51-61

Development of simulated pediatric breakfast media (SPBM)

SPBM

carbohydrates

fats

proteins
pH

buffer capacity

osmolality

2. Adaption of the physicochemical properties

1. Adaption of the breakfast composition



In vitro test design

Simulation of pediatric in vivo conditions in the upper GI tract

Karkossa F et al. AAPS PharmSciTech, 2017. 18(2): 309-316     Freerks L. et al., J Pharm Sci, 2022;111(1):51-61     Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157 



In vitro test design

Simulation of pediatric in vivo conditions in the upper GI tract

Karkossa F et al. AAPS PharmSciTech, 2017. 18(2): 309-316     Freerks L. et al., J Pharm Sci, 2022;111(1):51-61     Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157 

Mini-Paddle Setup

KiDS



Itraconazole (a) and and darunavir (b) dissolution in biorelevant fasted and fed-state gastric- (0-30 min) 
and small intestinal (30-90 min) conditions

a)

Simulation of pediatric in vivo conditions in the upper GI tract

o  glass of water

o  cassava porridge

o  toast breakfast

o  American breakfast

o  Ensure® Plus

b)

Freerks L et al., Eur J Pharm Biopharm. 2023;193:144-157 



Where are we now?

• all published data obtained with biorelevant pediatric in vitro approaches indicate the importance of 

addressing pediatric GI physiology and dosing conditions

• we are still on the learning curve

• for designing appropriate test methods for pediatric patients we need to know more about 

→ GI physiology

→ typical dosing conditions

→ diseases impacting oral drug absorption

→ impact of co-medication

→ …

• we need relevant in vivo data!

• we need to combine expertise!



Recent data

Where are we now?

Valuable information, but caveat:

• typically, no prospective study design

• data from children with different diseases



Where are we now?

• how can we obtain relevant data as by-products of routine investigations?

• is there a way to standardize such examinations?

• is there a way to make assessment tools child size?

• could we sort data in dependence of critical illnesses in child age?

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjmpf2L_NjZAhXJKewKHQMyByYQjRx6BAgAEAU&url=https://www.researchgate.net/figure/Representative-example-MRI-images-of-the-stomach-of-a-volunteer-taken-at-the-first-time_fig2_265733896&psig=AOvVaw1tJz9rpcjfFNZGKQHI-cOu&ust=1520469397252983


How shall we proceed?

We need to combine forces …

to be 
discussed

!!!
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Please help us to fill further gaps …

… by filling in and/or forwarding our online questionnaire

soscisurvey.de/medication_children/
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