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Phases in drug development



Small molecules

• From BCS class 1 to 4: 
Increasing complexity

• Formulation most 
challenging for BCS 2 & 4



Formulation development

• Solubilization improved by e.g.
• Increasing surface area 

(e.g. nanomilling or wetball milling)

• Amorphization API 
(e.g. amorphous solid dispersions)

• Emulsification 
(e.g. SEDDS/SMEDDS/SNEDDS)

• Complexation 
(e.g. use of cyclodextrins)

• Formulation screening
• In vitro dissolution using FaSSGF & FaSSIF
• In vivo testing (dogs)

AAPS PharmSciTech
volume 20, Article: 129 (2019)

https://link.springer.com/journal/12249


Testing formulations in fasted dogs
of API BCS class 2 or 4

Suspension used in food effect study

Oral solid formulations 



Food effect study

For more than half of subjects below was seen:

A= fasted
B = fed
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Food effect study

→ A negative food effect

(Formulation has delayed release in fasted state)

A= fasted
B = fed
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Food effect

Adapted from Koziolek et al. Adv Drug Del Rev 2016;101;75-88

Can be due to
• Binding of drug with food components.
• Reduced diffusivity in the viscous contents 

especially in combination with a small 
absorption window.

Interesting article on food drug interactions: Koziolek at al., J. Pharm.Sci. 2019;134;31-59



More investigation needed…

Because:

• BSC class 4 compounds normally show no or 
positive food effect.

• Dog results showed opposite BA than expected 
based on biorelevant dissolution data

→More investigation needed.

→Dog maybe not the best model? 



Human BA vs animals

JOURNAL OF PHARMACEUTICAL SCIENCES 104:2747–2776, 2015
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Food Effects



TIM – TNO Intestinal Models

TIM Systems are computer-controlled in vitro systems simulating the 
dynamic luminal conditions of the stomach, small intestine and large 

intestine

• For nutritional and pharmaceutical applications

• De-risking human intervention trials

• Replacement of animal trials (3R principle)

Tiny-TIMsg 2017





Case Study I: absence and presence of Food Effects for the same API ?

• One API in two amorphous forms, same dose level

• Studied during simulation of fasted and fed state
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• Polymorph Y showed a positive food effect

• Fed state: two fold increased bioavailability

In vivo

• Polymorph X showed no food effect

• same bioavailability



• TIM sample X-ray analysis showed structure changes of polymorph forms
during transit though the GI tract and explained the presence and absence
of a Food Effect.
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In vivoIn TIM

Formulation

in vivo in TIM

150 mg IR tablet Polymorph Y 0.7 0.6

150 mg IR tablet Polymorph X 1.2 1.1

ratio fed / fasted

Case Study I: absence and presence of Food Effects for the same API ?
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• 1200 mg Celecoxib, solubility water 3.3 mg/L, LogP 3.9; Positive food effect in vivo (10-20%  of AUC)

• What impacts the food effect the most?
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Bioaccessibility of Celecoxib

Lyng et al., 2016
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Case Study II: Simulating different GI conditions to understand formulation behaviour
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Interview Paul Dickinson of 
AstraZeneca

‘We were maintaining a 
colony of about 30 dogs for 
formulation studies. 

We have reduced our usage 
and  . . . completely closed 
the facility.’

The Times  January 8, 2011

11

Concluding remarks

• Understanding 
mechanisms, that can’t be 
simulated in a living 
organism

• Why to use a dog as 
model if there is a model 
that simulates the human 
situation?



Poll questions



Poll questions

Poll end of Slide 3:
What type of formulation is not suited for BCS class 4?

a) Solid Amorphous dispersion

b) Micronized API in capsules

c) SEDDS/SMEDDS

d) Nanomilled API

Poll end of Slide 6:
What do you see here?:

a) Negative food effect

b) No food effect

c) Lower dose was given

d) Positive food effect

• Poll end of Slide 15:
Which parameter has the biggest impact on the food 
effect:

A: the FDA recommended high fat meal

B: the bile levels

C: transit time


