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Background
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« Majority of drugs administered orally
— Convenient
— Flexible

« However

— Gastrointestinal system complex and not
entirely understood
— Increasing number of poorly soluble drugs*
o Increased receptor-ligand affinity
(i.e. potency)
o Associated with highly variable absorption
profiles

o Absorption affected by intestinal secretions
(e.g. bile)

*Biopharmaceutics Classification System (BCS) class Il and IV

I \Villiams et al., Pharmacol Rev. (2013)
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1. Establish mechanism-based models for:
a. Gastric emptying (GE)
b. Plasma cholecystokinin (CCK) levels
c. Bile flow patterns to the duodenum

2. Characterize the influence of caloric intake on different
system components

3. Explore the effect of Type 2 Diabetes Mellitus (T2DM)
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Water study!'!
10 T2DM /10 HV

Water
100mL of water (0 kcal)

Study design and data

Total 66 subjects

Glucose study!?
8 T2DM / 8 HV

OGTT 25¢g
25 g of glucose
in 300mL water (97 kcal)

OGTT 75¢g
75 g of glucose
in 300mL water (290 kcal)

OGTT 125¢g
125 g of glucose
in 300mL water (484 kcal)

+ Gastric emptying marker
(dissolved paracetamol 1.5 g)

OGTT: Oral Glucose Tolerance Test
T2DM: Type 2 Diabetes Mellitus
HV: Healthy Volunteers (matched on BMI, gender, age)

Methods

Liquid meals study®!
15 T2DM / 15 HV
OGTT 75¢
75 g of glucose
in 350mL water (290 kcal)

Low fat liquid meal

2.5 g fat, 13 g prot., 107 g carb.

Volume of 350mL (500 kcal)

Medium fat liquid meal
10 g fat, 11 g prot., 93 g carb.
Volume of 350mL (500 kcal)

High fat liquid meal
40 g fat, 3 g prot., 32 g carb.
Volume of 350mL (500 kcal)
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_ [1] Hansen et al., ClinicalTrials.gov identifier NCT01666223 | [2] Bagger et al., JCEM. (2011) | [3] Sonne. et al., ADA 73 (2013)
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_ [1] Alskar et al. PAGE 22 (2013) Abstr 2897 | [2] Ogungbenro et al., Pharm Res. (2011)



Gastric emptying (GE) model
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Key equations
Paracetamol Paracetamol

Dose Paracetamol

- central peripheral v
Paracetamol stomach v, Kg=Ka, x [ 1— . AglucD
I+ A
50 glucD
KDJ _ 1 _ VDuodenum
Dose Glucose MRTg1ucp Rategp
Glucose stomach
Meal
volume
stomach
Bile in
duodenum
) Signal K Signal K Signal K 1]
ﬁlgn.al nutrients & nutrients o) nutrients I
utrients stomach duodenum jejunum B

release
K
R B

Gallbladder
volume

Pool Blood Pool Blood
CCK CCK CCK
Rin CwRout yKout_F R_s yKR_S yKout_S Rprob

[1] Alskar et al. PAGE 22 (2013) Abstr 2897 | [2] Ogungbenro et al., Pharm Res. (2011)



Cholecystokinin (CCK) model
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Key equations
K Paracetamol | (  Paracetamol
a

Dose Paracetamol KG Paracetamol eripheral . . o
Paracetamol stomach duodenum CEE P {’/ Szgnal Nutrients =

p

Mass fqt X POLENCY fat

+ MasScqrp X potencycary

Dose Glucose
L B |
Glucose stomach
Meal
\I\;Ielal - .- volume
olume stomach
Bile in
duodenum
) Signal Signal Signal K [
S|gna| . . . JI
Nutrient RN nutrients nutrients nutrients
utnents stomach duodenum jejunum Brejease K
R B
Y
SMAXFast X ANutriD : KDIS I SMAXSlow X ANutm’J
2 Y
S50paes T ANutriD I I S50s10w T ANutrig Gallbladder
- - .- - volume
RPROD

_ [1] Alskar et al. PAGE 22 (2013) Abstr 2897 | [2] Ogungbenro et al., Pharm Res. (2011)
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Key equations

Paracetamol | Q Paracetamol
Dose Paracetamol KG Paracetamol K :
Paracetamol stomach - duodenum Ce\r}tral perli)/heral Brotonse — 1 + Svaxg X COKpgst
- ; SCs0 + CCKpgst

Koy cL

Dose Glucose
Glucose —— stomach
Meal

\I\;Ielal - .- volume

olume stomach

Bile in
duodenum

_ Signal Signal Signal K . [1] ?

S|gna| . . . JI
A SN nutrients nutrients nutrients

Nutrients

stomach duodenum jejunum

Gallbladder
volume

_ [1] Alskar et al. PAGE 22 (2013) Abstr 2897 | [2] Ogungbenro et al., Pharm Res. (2011)



Gastric emptying (GE) model VPCs

: Results
UPPSALA
UNIVERSITET
Water Glucose 25g Glucose 759 Glucose 125g
(100 mL) in 300mL of water in 300/350mL of water in 300mL of water
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Gastric emptying (GE) model VPCs

Results
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Glucose 25¢g Glucose 759 Glucose 125g
in 300mL of water in 300/350mL of water in 300mL of water
025- ¢ g g g
3 3 3 3
020- = s = s
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o

-

o
1

o

o

a
1

Paracetamol plasma concentration (mmol/L)

0.00 - =
Low fat liquid meal Medium fat liquid meal High fat liquid meal
(350 mL) (350 mL) (350 mL)

025- ¢ £ £
0.20 - E Feedback similar to E Feedback similar to E Feedback similar to

115g of glucose 1079 of glucose 1079 of glucose

® Observations
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Cholecystokinin (CCK) model VPCs

e Results
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Glucose 759 Low fat liquid meal Medium fat liquid meal High fat liquid meal
in 350mL of water (350 mL) (350 mL) (350 mL)

15 e g g [
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Time (min)

® Observations
—— Median of the obs.
—— 5th and 95th percentiles of the obs.
95% CI for the pred. 5th/95th percentiles
95% CI for the pred. median
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Bile release model VPCs
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Glucose 759 Low fat liquid meal Medium fat liquid meal High fat liquid meal
in 350mL of water (350 mL) (350 mL) (350 mL)
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. Final bile release model
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== == = |nhibition = == g Stimulation

Gastric emptying model

= t I Paracetamol Paracetamol
Dose Y aracetamo central peripheral
Paracetamol stomach "

p

Dose Glucose
Glucose stomach
Key equations
Meal
\I\;Ielal === volume Signal Nutrients = massfq: X potency
olume stomach fat fat
+Masspror X POLENCYprot
+MmMasscary X POtENCYcary
. Signal Signal
ﬁlgn_al [Rp—— I E nutrients Brelease =1+ SLPrelease X ANutriD
utnents stomach duodenum

|
1 release
---------‘

\4

Kre [ Bilein
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Rerob
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Bile release model

_ [1] Alskar et al. PAGE 22 (2013) Abstr 2897 | [2] Ogungbenro et al., Pharm Res. (2011)
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Glucose 75¢g Low fat liquid meal Medium fat liquid meal High fat liquid meal
in 350mL of water (350 mL) (350 mL) (350 mL)
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Gastric emptying model predictions

Results
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Simulated rate of GE following different caloric intakes (typical individual)
100 - A7
lucD
Meal KvG:KvGo>< 1— 2l gu?Y
== (0 g of glucose I50 + AglucD
== 25 g of glucose
] == 75 g of glucose with:
75 == 125 g of glucose ] .
£ Half-life of Ko 9.3 min
(%)
& I50 4.9 gluc. gram equivalent
o
2 Y 4.8
[ =
= 50
9
g
= Meal Time to 50%
2 (g of glucose) emptying
25° 0 5.3 min
25 8.0 min
75 44 min
0- 125 86 min
0 50 100 150 200 250
Time (min)
*Assuming a meal volume of 300mL 15



T2DM effects on gastric emptying

Results
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Simulated rate of GE following different caloric intakes (HV vs. T2DM)
100 - S A
ubject . glucD
—_ HV Kg—KGOX 1—I,Y+A,Y
=« T2DM 50 gluecD
il Meal with:
75 == ( g of glucose ) .
5 — 25 g of glucose Half-life of K5y 5.3 min
g == 75 g of glucose 5o 4.9 gluc. gram equivalent
S == 125 g of glucose y 4.8
(/7]
£ o T2DMonly,, +29%
G
g Time to 50%  Time
= Meal . .
S emptying difference
? (g of glucose) (HV) (T2DM)
25-
0 5.3 min 0 min
25 8.0 min -3 min
75 44 min -10 min
0- 125 86 min -14 min
0 50 100 150 200 250
Time (min)
T2DM: Type 2 Diabetes Mellitus
HV: Healthy Volunteers (matched on BMI, gender, age) 16
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Simulated gallbladder emptying
following different caloric intakes (typical individual)
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*Assuming a meal volume of 300mL and the same gastric emptying rate

Bile release model predictions

Results

Signal Nutrients = massqr X potencyfaqt
+Massprot X Potencyprot

+MmasScqry X POLENCYcarp

with:

potency, 1.0 fixed
potency,. 1.1
potency .., 0.028

Meal

== 50 g of glucose

== 50 g of protein

== 50 g of fat

== 10 g fat/11 g prot/93 g carb
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T2DM effects on bile release

Results
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Simulated gallbladder emptying
following different caloric intakes (HV vs. T2DM)

Signal Nutrients = massqr X potencyfaqt

+Massprot X Potencyprot

+1Mmasscarp X pOtencycarb

-20- with:
potency, 1.0 fixed
potency,. 1.1
potency .., 0.028

T2DM on potency,,, *+12%

Subject
—HV
= = T2DM

|
2]
o
1

Meal

== 50 g of glucose

== 50 g of protein

== 50 g of fat

== 10 g fat/11 g prot/93 g carb

Relative change in gallbladder volume (%)
|
N
o

|
(0]
o
1

Time (min)

T2DM: Type 2 Diabetes Mellitus
HV: Healthy Volunteers (matched on BMI, gender, age) 18



Conclusions
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« (Gastric emptying was found to be controlled by a
feedback mechanism of caloric content in duodenum

« CCK kinetics was not sufficient on its own to describe
bile release

* An alternative approach connecting the bile release to
nutrients in duodenum was preferred

« T2DM was found to affect gastric emptying and bile
release through changes in sensitivity to carbohydrates

* The final model demonstrated to be predictive of gastric
emptying, plasma CCK levels and bile release across a
wide range of liquid meals

19



Future Directions
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« Use new data to correlate gallbladder volume to bile
concentration in duodenum and study recirculation of
bile acids

« Explore correlation between plasma biomarkers and
bile acid concentration in duodenum

 Integrate findings in systems pharmacology models
(PBPK) to improve prediction of oral absorption

20
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