KU LEUVEN

In Vivo Formulation Behavior
and Drug Absorption

In vivo dissolution and drug absorption

Patrick Augustijns
Drug Delivery and Disposition
KU Leuven, Belgium

May 23 2023



Gut physiology

-
* Composition/volume
l of Gl fluids
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* Digestion / Food effects
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Drug behavior in the gastrointestinal tract
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Gl fluid characterization: composition

20 volunteers, time-dependent aspiration of duodenal fluids in fasted and fed state
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https://pubs.acs.org/doi/10.1021/acs.molpharmaceut.6b00496

Gl fluid characterization: ultrastructure &
functionality
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https://pubs.acs.org/doi/10.1021/acs.molpharmaceut.6b00496
https://www.sciencedirect.com/science/article/pii/S0939641117314819

Gl aspiration after oral drug intake




Gl aspiration after oral drug intake

Oral intake of drugs
theophylline - amprenavir -
fosamprenavir - posaconazole
- paromomycine - abiraterone
acetate - fenofibrate -
tenafovir - simvastatine -
diclofenac - itraconazole

F:t"“""'_ﬁo" - indinavir - paracetamol - Intake
rategies ritonavir -
immediate vs modified \\ ~ conditions
release - cosolvents ) with vs without water
- salts - prodrugs - fasl'»ted vs fed
suspensions - cola vs water
solid dispersions - comedication (PPI)
cyclodextrins

Gl drug
concentrations

Systemic

exposure


https://www.aapsnewsmagazine.org/aapsnewsmagazine/articles/2018/dec18/cover-story-dec18
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INDINAVIR SULFATE (Stomach)
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* Importance co-medication & stomach pH!
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Average profiles (n =5, £ S.E.M.)



INDINAVIR SULFATE (Duodenum)
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* Importance co-medication & stomach pH!
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INDINAVIR SULFATE: degree of supersaturation

Fasted Stomach + PPI
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Posaconazole & Cola

Stomach

-0- Water -0~ Cola

800+

Posaconazole (uM)

0 = T T T ..J*-—!—." L=

0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300
Time (min) Time (min)




Summary:
gastric conditions & posaconazole absorption

* Gastric dissolution affects posaconazole absorption

o

Plasma AUC

2000+

Stomach AUC
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Cyclodextrins to enable absorption

ltraconazole
o O\Hp
D o /©/¢O¢/©/4’\/4/
« lipophilic, weak base “/[(JA °
o clogP 7.14 (4

o pKaz2.2é&39

* low solubility in gastric (5 uM) and intestinal (0.5 pM) fluid

* available formulations (200 mg):

o  Sporanox capsules — solid dispersion in HPMC
o  Sporanox solution — HP-B-CD 40% (w/v)




Cyclodextrins to enable absorption

Impact of intraluminal dilution



https://www.sciencedirect.com/science/article/pii/S0378517317303678?via%3Dihub

Cyclodextrins to enable absorption

Impact of intraluminal dilution: gastric
concentrations

@ Stomach, without water Stomach, with water
4000- . 4000-
— -O- In solution

-O- In solution

= Total = Total
23 3000 % 3000-
Qo Qo
8 @]
3 20001 % 2000
C [
(@] (@]
(&) (&)
S 1000 S 1000 f ? f

O T 1 T T 0 b

0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time (min) Time (min)

dilution effect



https://www.sciencedirect.com/science/article/pii/S0378517317303678?via%3Dihub

Cyclodextrins to enable absorption

Impact of intraluminal dilution: duodenal
concentrations
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https://www.sciencedirect.com/science/article/pii/S0378517317303678?via%3Dihub

Cyclodextrins to enable absorption

Impact of intraluminal dilution: systemic
exposure
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https://www.sciencedirect.com/science/article/pii/S0378517317303678?via%3Dihub
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Law, D. et al. (2001).

Case study

The effects of proton-pump inhibitors on the disposition of ritonavir

Norvir®; HIV-1 protease inhibitor

Dosage form: Amorphous Solid Dispersion
Solubility ~ 5ug/mL

pKa = 2,84 (conjugated acid)

LogP = 4,3

L
“O/Ejm/}_s\_(fu' A \\>_
O_

Nexium®; Proton-pump inhibitor
Dosage form: Gastro-resistant tablet
pKa = 4,77 (conjugated acid)

LogP =2,43



Case study

The effects of proton-pump inhibitors on the disposition of ritonavir

Norvir® 100 mg Ritonavir
: e : Nexium 40 mg for 3 days
| |
| |
| |
| |




Case study

The effects of proton-pump inhibitors on the disposition of ritonavir
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Figure 1. Mean (+ S.D., n = 5) pH of aspirates from stomach (closed symbols) and duodenum (open
symbols) as a function of time after oral intake of one tablet of Norvir® (100 mg ritonavir) under fasted

state conditions (bullets) or fasted + PPI conditions (squares).

Van Den Abeele, J. et al. (2020)




Case study

The effects of proton-pump inhibitors on the disposition of ritonavir
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Case study

The effects of proton-pump inhibitors on the disposition of ritonavir
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Van Den Abeele, J. et al. (2020)




Case study

The effects of proton-pump inhibitors on the disposition of ritonavir

Norvir® 100 mg Ritonavir

Norvir® 100 mg Ritonavir

o

Control

Nexium 40 mg for 3 days




Case study

The effects of proton-pump inhibitors on the disposition of ritonavir
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De Waal, T. et al. (2020)




Case study

The effects of proton-pump inhibitors on the disposition of ritonavir
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Lipid digestion and drug absorption

Fenofibrate

ol
. . @)
* lipophilic, neutral O

o clogP 5.3

* multiple formulations available, for instance:
: : : N
o  Mmicrosized particles C
o hanosized particles

o

o lipid-based formulation: Fenogal Lidose
» fenofibrate dispersed in semi-solid lipid excipient Gelucire 44/14
* micro-emulsion upon contact with water in Gl tract
* has to be taken with food!




How important is lipolysis for drug absorption?

FEMavazaa mg
17 L L T A—— + _
e FENO i
gt/ T
Wm =
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=B

Fenofibrate Orlistat
« BCSII

+ Lipase inhibitor

* Lipid based formulation




Balloon inflation when positioned in duodenum




Lipid digestion and drug absorption

Impact of orlistat: undigested lipids in jejunal
fluids
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== \icellar layer
== pellet

+ orlistat

orlistat
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https://www.mdpi.com/1999-4923/14/1/119
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Results - plasma

Plasma HV1
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« Faster and higher absorption if administered with orlistat
« Systemic uptake fed state >> fasted state




Gastrointestinal drug behavior in real-life dosing conditions.

Weakly acidic drug
Diclofenac

’.|. I |




Gastrointestinal drug behavior in real-life dosing conditions.

a Meal components added b Bacon added
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METHODOLOGY: High resolution manometry




METHODOLOGY: High resolution manometry
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Fosamprenavir (Telzir®)
NHz

© Fosamprenavir

* Phosphate ester prodrug of amprenavir
e BCSclass 2

* HIV protease inhibitor

* Immediate release tablet




Gl motility as a source of variability
Drug administration in MMC phase 1 versus MMC phase 2
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https://www.sciencedirect.com/science/article/pii/S0928098719303902

Gl motility as a source of variability

Drug administration in MMC phase 1 versus MMC phase 2
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https://www.sciencedirect.com/science/article/pii/S0928098719303902
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RYGB changes physiological factors
Influencing drug disposition

.—-—\ > { Reduced gastric mixing

Increased gastric pH

2  Accelerated gastric emptying

Reduced surface area for absorption
Reduced intestinal first pass metabolism

%  Delayed inlet of bile acids and pancreatic juices

ﬂ




Active ingredient

Indication

Studied compounds BCS class
~ Lopresor” 100 sty *—22;’;'4:; ,,.-rr = ;W
E T en E e |

Metoprolol tartrate

Cardiovascular drug

Fenofibrate

Lipid lowering agent

Posaconazole

Anti-fungal drug




Metoprolol immediate release: no significant
iInfluence of RYGB
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Gesquiere et al. BrJ Clin Pharmacol 2015



Metoprolol controlled release: no significant
iInfluence of RYGB
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No significant difference in disposition of
fenofibrate before and after RYGB
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Significant reduction in disposition of
posaconazole after RYGB
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