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BCS predicts the likelihood and direction of a 
food effect 60 – 70% of the time.

• 67% of Class I drugs had no food effect
• 71% of Class II drugs had a positive effect
• 61% of Class III drugs had a negative effect
• 73% of Class IV drugs had a positive effect

Based on maximum absorbable dose (MAD), dose number, and log D.
Gu CH, Pharm. Res. 24 (6):1118 (2007)
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GastroPlus simulations of fed and fasted: PO 200, 300, & 400 mg Carbamazepine
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Example: Class II Drug –
impact of particle size changes under 

fasted vs. fed conditions

Zhang et al., AAPS J. 20114



Cmd3 
(basic pKa = 4.2, log P = 6.6, FaSSIF = 1.3 mg/mL)

10 mg dose 50 mg dose

Jones H, Clin. Pharmacokinet. 45(12):1213 (2006)

1.5- to 2.4-fold increase in AUC under fed conditions due to increased 
solubility at higher bile salt concentrations
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What changes are accounted for 
between fasted and fed state 

models in GastroPlus?
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Fed State – GI Physiology

Main changes between Fasted and Fed state:
- Higher stomach volume
- Changes in pH (stomach and upper SI)
- Longer gastric emptying
- Higher bile salt concentrations
- Higher liver blood flow (needs to be manually changed with PBPK models)
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Solubility – Bile Salt
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Mithani, Pharm Res 1996, 13:163-167

To account for physiological ‘distribution’ of bile salts, GastroPlus uses published equation 
based on concentration of bile salts in media and compound’s affinity to bile salt micelles

in vivo solubility 
in compartment 
with specific pH 

and bile salt 
concentration

Buffer solubility 
at given pH

calc from reference 
solubility, pKa(s) 

and solubility 
factor(s)

in vivo concentration of 
bile salts in given 

compartment
(physiological parameter)

Bile salt solubilization ratio –
represents drug’s affinity to 

bile salt micelles
This parameter is required to 

account for physiological 
effect of bile salts on solubility 

and dissolution rate

Molecular weight 
and density of 

water
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Built-in Fed Physiologies for Different Meal Types
• Link gastric emptying time to meal 

calories
• Account for effect of fat content on 

bile salt concentration
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Adjusting Fed State Based on Calories and Meal Volume
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• Meal value is not well correlated with emptying time
• Gastric Emptying is linearly related to calories and can be slightly modified by 

meal type (fat, protein, carbohydrates) 
– Smaller impact and not currently considered due to lack of data
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Adjusting Fed State for Biliary concentration
• With increasing fat, gall bladder excretion 

volume increases
• Gall bladder secretion is mediated by 

hormone cholecystokinin CCK

L Marciani et al. Eur J of Clin Nutr (2013) 67, 1182-1187



Results of Dynamic Bile-Salt Model

Bile Concentration in Each Compartment (mM)

% Fat
Fold Change Bile 

in Feces
Duodenum Jejunum1 Jejunum2 Ileum1 Ileum2 Ileum3

Low Fat 10 1.000 8.36 6.83 5.72 3.90 2.74 0.41

Normal 30 1.476 14.55 11.83 9.84 6.67 4.67 0.69

Bile High Fat 55 2.072 22.28 18.09 14.99 10.14 7.09 1.05

High-Fat Bile PredictionLow-Fat Bile Prediction

• Assumptions, 3 meals and fed-state occurs for 3 hours duration
• Then the bile production rate was fit to make fold change in bile in feces the same as literature data

Bile Salt Concentration 
Spreadsheet Model:

• A caecum and feces (large intestine) 
compartment were added using same 
volumes and transit times as G+

• No bile reabsorption assumed for caecum 
and colon

Reddy, CANCER RESEARCH, 1981, 41, 3766-3768

Feces Bile Concentration Reference:
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Case Study: Axitinib

Axitinib is a case study for gastric emptying because of high permeability and high solubility in gastric.  
Precipitation doesn’t occur even though Axitinib is a low solubility weak base.

Property Value Ref
LogP 3.91 AP

pKa 1.71, 4.5 (Base) 
11.68, 10.84 (Acid)

AP

Reference solubility
Exp Sol.

1.48E-3 @ pH 7.02
1.841 mg/mL @ pH 1.1
0.0002 mg/mL @ pH 7.8

AP
[1]
[1]

Solubility Factor 3332.93 (AP)  7600(Exp) AP, [1]

FaSSIF Sol.
FeSSIF Sol.

0.001
0.114

[2]
[2]

Human Peff (from Pampa) 2.89 [2]
Blood:plasma concentration 
ratio (Rbp)

0.8 [1]

Plasma protein binding 
(Fup)

1 [1]

Particle Size 4 um (SD = 3) [3]

Metabolism
CL (3A4) 21 L/hr [1]
Vd 68 L [1]

[1] FDA application 202324 Clin Pharm and Biopharm. Review
[2] Dodd, Journal of Pharmaceutical Sciences,2019,108,87-101
[3] Reynor, Drug Metabolism and Disposition (2013): dmd-113.

13



Case Study: Axitinib Fasted State and Baseline Fed Model

Pithavala, Cancer Chemother Pharmacol (2012) 70:103–112 Gastric emptying is too fast using default values
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Case Study: Axitinib Fed State
Zero Order Emptying

Pithavala, Cancer Chemother Pharmacol (2012) 70:103–112

Normal Meal (500 cal) 
Gastric Emptying = 1.84 hr

Fed High-Fat (900 cal) Bile Salt Increased
Gastric Emptying = 3.11 hr
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Case Study: High Fat Meal Prediction
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Default Fed in GP9.6 Default for FDA standard breakfast



New Fed State Meal Option Validation Summary

• Validation studies indicate zero-order emptying is most predictive 
of plasma concentration in fed-state

Meal Type Best Fed Model Setting

Dolutegravir

High Fat / High Calorie Zero Order GP 9.7

Mod. Fat / Mod. Calorie Zero Order GP 9.7

Low Fat / Low Calorie Zero Order GP 9.7

Lapatinib
Low Fat / Low Calorie Default Gastroplus 9.6

High Fat / High Calorie Default Gastroplus 9.6

Ixazomib High Fat / High Calorie Exponential GP 9.7

Axitinib
Normal Meal Exponential GP 9.7

High Fat / High Calorie Zero Order GP 9.7

Internal Study 1
Low Fat / Low Calorie Zero Order GP 9.7

High Fat / High Calorie Zero Order GP 9.7

Internal Study 2 FDA High Fat Breakfast Zero Order GP 9.7

Internal Study 3 High Fat / FDA Breakfast Zero Order GP 9.7

Internal Study 4 High Fat / FDA Breakfast Zero Order GP 9.7
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Question and Answer Session #1
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GastroPlus® Demo – Compound X Positive Food Effect
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• Compound X (BCS Class II/IV)
• Lipophilic (log P > 4) and moderate base (pKa 3.2 and 6.2)
• Low (0.001 mg/mL), pH dependent aqueous solubility
• Moderate intestinal permeability (1.48 x 10-4 cm/s)
• Class II (or IV)
• 70% dose recovered in feces as parent
• Estimated bioavailability of compound is ~30%
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Physicochemical and pharmacokinetic 
parameters for Compound X
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Drug Log P Basic pKa Tmax (h)

4.69 10.0 27

4.7 10.1 16

3.81 8.52 15

4.46 9.65 7.8

4.39 9.82 7

5.11 9.86 6

Lysosomal Trapping of Lipophilic Cations

Ref: Kazmi F., Drug Metab. Disp. 41(3):897 (2013)

Lipophilic 
Amines
LogP > 1
pKa > 6.5



Activity: Compound X
1. Open the “Compound X” database in your Examples\Compound X folder

2. Navigate to the Hum 200 mg IR Cap – Fasted record and review the model 
parameters. What is unique about this compound?

3. Let’s run a PSA around the fraction unbound in enterocytes. Click on the “PSA” 
button on the simulation tab and select “FuEnt” on the pharmacokinetics tab

4. Need to change Fu,ent to ~3% by going to the Database4 View/Edit Tables
1 View/Edit Drugs Table menu

5. Let’s modify the mean precipitation time in the model to match better with the 
observed PK data

6. Navigate to the Hum 200 mg IR Cap – Fed record and enter this new Mean 
Precipitation Time
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Analyzing multiple dimensions:
Design of Experiments (DoE) Approach

• Is there an optimal combination of formulation parameters that 
allow us to reach our target endpoint (e.g., Fa%, Cmax, AUC)?

• Can we “design out” the food effect?

Zhang et al. AAPS PharmSciTech 2014 January 17
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3D Parameter Sensitivity Analysis

• Parameter sensitivity analysis was run across dose and particle size together
• API particle size reduction may be useful to mitigate the food effect

Zhang et al. AAPS PharmSciTech 2014 January 17

Fasted Fed
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Negative food effects
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• Trospium HCl (BCS Class III)
• Hydrophilic (log P = -1.22)
• High (~700 mg/mL)
• Low intestinal permeability (0.07 x 10-4 cm/s)
• Class III
• Not metabolized
• Estimated bioavailability of compound is ~10%
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Trospium Solution Viscosity
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Trospium Solution Viscosity
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Trospium in vitro dissolution

30



Activity: Trospium
1. Open the “Trospium” database in your Examples\Trospium folder

2. Navigate to the Human 60 mg Tablet Fasted record and review the model 
parameters. Run PSA around select parameters to identify the key properties 
impacting absorption

3. Transfer the adjusted Peff to the Human 60 mg Tab 0.5 pct HPMC – Fasted record. 
With the in vitro dissolution data, use the Z-Factor model to simulate the PK

4. Transfer the adjusted Peff to the Human 60 mg Tab 2 pct HPMC – Fed record and 
switch the gut physiology to the Fed model. With the in vitro dissolution data, use 
the Z-Factor model to simulate PK

5. Investigate possible reasons for the slight overprediction of the PK under fed 
conditions
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Negative Food Effect
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Heinen CA et al. Mol Pharm. 2013 Nov 4;10(11):3989-9633



Novartis Negative Food Effect:
Caco-2 Experiment in FeSSIF Buffer

Heimbach & Lin – GastroPlus® User Group Webinar; March 201534



Question and Answer Session #2
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