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Peroral administration

ÅMost commonly used

Å Simple

ÅNo pain

ÅCost effective

Target:

Å 1 x daily

ÅConstant blood level

Å Low variability
3



Formulation

Oral Bioavailibility dependson
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Common problemsof oral administrations

ÅLow bioavailibility

ÂPoor permeability (e.g. BCS III drugs)

ÂPoor dissolution (e.g. BCS II drugs)

ÂActive processes (metabolism, excretion)

ÅFood dependent variability

ÅShort half-life
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Exampleof food effect
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AUC fed = 16 x AUC fasted!



Å ĂDie Ergebnisse der Nahrungsinteraktionsstudien deuten darauf hin, dass die 

Resorption von Lumefantrin ohne gleichzeitige Nahrungsaufnahme sehr 

gering ist. Unter der Annahme einer 100%igen Aufnahme nach einer 

fettreichen Mahlzeit würden unter Nüchtern-Bedingungen < 10 % der Dosis 

aufgenommen. Die Patienten sollten daher aufgefordert werden, die 

Medikation zusammen mit einer Mahlzeit einzunehmen, sobald Nahrung 

toleriert wird.ñ

Å "The results of the food interaction studies suggest that the absorption of 

lumefantrine is very low without concomitant food intake. Assuming a 

100% intake after a high-fat meal, < 10% of the dose would be absorbed 

under fasting conditions. Patients should therefore be encouraged to take 

the medication with a meal as soon as food is tolerated."
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Biofateof DDS after oral administration
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Mouth (short)

Esophagus (short)

Stomach (min ïhours)

small

intestine (3 h)

Colon (12-24 h)

ŷ ŷ Bioavailabilityŷ ŷ
Çŷ Amount of solubilized drug

Çŷ Drug permeability

Çŷ Resorption area

Çŷ Residence time

Important processes
ÇSolubilisation

ÇDilution

ÇDigestion



Compositionof duodenal fluids

9

Characterization of 

Human Duodenal Fluids 

in Fasted and Fed State 

Conditions

Danny Riethorst, Raf Mols, Guus

Duchateau, Jan Tack, Joachim 

Brouwers, Patrick Augustijns

JPharmSci

Volume 105 Issue 2 Pages 673-681
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Digestion of lipids (triacylglycerides)



Self-emulsifying mixtures

Characterization :   In vitro digestion experiment          Lipid digestion



Food intakeincreasessolubility and dissolutionkinetics

of poorlysoluble drugsin intestionalfluids

12

E.M. Persson et al. 

The Effects of Food on the 

Dissolution of Poorly Soluble Drugs 

in Human and in Model Small 

Intestinal Fluids. Pharm Res 22, 

2141ï2151 (2005). 
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Structureof Phospholipids
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S. Drescher and P. van Hoogevest, Pharmaceutics, 12,   1ς36, 2020
Neutral: PC, PE

Negatively charged: PG, PS, PI



Sources and biofateof Phospholipids 

15

Nilsson A, Duan RD. 

Pancreatic and mucosal enzymes in 

choline phospholipid digestion. 

Am J Physiol Gastrointest Liver

Physiol. (2019) 316:G425ï45.



Biofateof Phospholipids (examplePC)

Å Enzymatic hydrolysis by

sPLA2: formation of 

Â Lyso-PC 

Â Fatty acid

Å Absorption > 90%

ÅResynthesis of PC in 

enterocytes
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E.M. Persson et al. 

The Effects of Food on the Dissolution of 

Poorly Soluble Drugs in Human and in Model 

Small Intestinal Fluids. Pharm Res 22, 2141ï

2151 (2005). 



Intestinal digestionof PC by sPLA2IB
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Lipid classificationafter Prof. Small

Not dissolving,

Swelling, 

Lamellar phase
PC

PC

L-PC

Dissolving

Micelle formation
L-PC

BA
Figure from Small. Handbook of lipids



Bile acids, PC 

19

Hofmann AF. Bile 

Acids: News 

Physiol Sci. 1999 

14:24-29. 

PC
BA

MM

BA

Bile Acids
Leng J, Egelhaaf SU, Cates ME. Biophys J. 2003;85(3):1624-1646. 
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How to design a PL-DDS for oral administration? 

ÅClear definition of goal

Â Increase of dissolution speed and solubility

Â Increase of permeability

ÂProlonged release

ÅDevelopment of formulation strategy

Å Selection of excipients and processes

ÅRelevant in vitro tests (dilution in relevant media, digestion assay)

Å Preclinical in vivo studies

ÅClinical studies
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Considervariability of pH-values: stomach

22
Kozioleket al., JOURNAL OF PHARMACEUTICAL SCIENCES 104:2855ς2863, 2015 

Gastric

pH values
(fasted state)



Considervariability of pH-values: intestine
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Comparison of pH ranges in proximal (a) and distal (b) small intestine (box: 50%, whisker: 5%ς95%, square: 
mean, asterisks max/min) (n = 10).

Kozioleket al., JOURNAL OF PHARMACEUTICAL SCIENCES 104:2855ς2863, 2015 



Examples of physiological dissolution media

Fasted State 

Simulated Intestinal 

Fluid (FaSSIF)

Fed State Simulated 

Intestinal Fluid

(FeSSIF)

Simulated 

Gastric Fluid

(SGF)

Simulated 

Intestinal Fluid

Sodium taurocholate 3 mM

Phosphatidylcholine 0,75 mM

Sodium hydrogen-phosphate 

28.66 mM

Sodium chloride 106 mM

Sodium hydroxide q.s.

pH: 6.5

Sodium taurocholate 15 mM

Phosphatidylcholine 3,75 mM

Acetic acid 144 mM

Sodium chloride 173 mM Sodium 

hydroxide q.s.

pH: 5.0

NaCl 34.2 mM

HCl 82.2 mM

Pepsin (800-2500 u/mg) 

3.2 g

Water ad 1000ml

pH: 1.2

Monobasic potassium 

phosphate 39 mM

Sodium hydroxide 

15.4 mM

Pancreatin 10 g

Water ad 1000 ml

pH: 6.8

PC

BA
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Phospholipids asdrugproducts
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PLs assolubilizers: organicsolutions

Rapamune 1mg/ml Oral Solution

Å Polysorbate 80

Å Phosal 50 PG:

Â ((3-sn-Phosphatidyl)choline (soy) (= lecithin)

ÂPropylene glycol

ÂGlycerolmono/dialkanoate

ÂEthanol

ÂSoy derived fatty acids

ÂPalmitoylascorbic acid
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Phosal = brand of 

1 mL contains: < 25 mg Ethanol, around 350 mg PG, 20 mg soy oil



Historyof MM 
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Na Glycocholate

PL

BA

Egg Lecithin

Diazepam MM

Konakion MM



Phospholipids assolubilizers:

MM for oral/ i.m. / i.v

ÅGlycocholic acid

Å (3-sn-Phosphatidyl)cholin (soy)

ÅNaOH, HCl, water for injection
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Since 2018

Cheplapharm

Arzneimittel 

Learning from nature!

MM as solvent

Long history (Diazepam MM)

Thermodynamic stable system

No organic solvents



ExampleantiinflammatoryPLs

Å PS and PG have anti-

inflammatory properties

ÅWhat is the best DDS?

ÂProduction

ÂStability

ÂActivity

30

Dr. Miriam Klein

Liposomes vs.                       Mixed micelles



Liposomeparticlesize/ zetapotential

31

PC PS PG

+- +-PEG



Mixed Micelles

Å Phospholipid ïNa- Cholate

1:1 (w/w)

Å Phospholipid:

ÂMain component: PC

Â 0 ï30 % PS

Â 0 ï30 % PG

32https://www.researchgate.net/figure/A-schematic-representation-of-mixed-micelle-and-bilosome-structures-

Bilosomes-possess_fig3_328822017 [accessed 17 Sep, 2019]

size around 6 nm

(DLS)                                  



No Hemolyticactivity and cell toxicity of both
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Liposomes Mixed micelles

PC PS PGControl SPS EPG
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Bioactivity: liposomesvs. mixedmicelles

similar anti-

inflammatory

activities of 

liposomes and MM

PC PG

Lipos MM Lipos MM Lipos MM

C
o
n

tr
o

l

PS

Advantages MM oral 

administration

VEasier to make

VThermodynamic stable

VEasier to transform

into a solid dosage

form



Conceptsfor solid dosageformsof liposomes

Å Problems:

ÂSticky and hygroscopic properties of many PLs

Â Liposomes do (in most cases) not form spontaneously.

Å Possible solutions:

ÂEncapsulation / embedding in solid materials (amphiphilic starches, 

maltodextrin)

ÂAdsorption in porous carriers (phosphates, carbonates, silicates)
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Adsorption porousCaCO3
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Example: Phospholipid extrudates
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C. Zlomke, J. Albrecht, K. 

Mäder: 

Pharmaceutics 2020, 12, 817. 

Vesicle formation a the Interface

Polarized light

ÅGoal here: local brain delivery, but oral 

applications possible

Å Easy to extrudate at temp. < 100°C

Å Ratio saturated / unsat. PC determines

extrusion temp. and mechanical properties



Example: Phospholipid extrudatesoral
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Overcomingpoorpermeabilitywith PLs
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OvercomingEfflux pumpsby PLs?
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Increasedlymphaticuptakeby PLs? 

41
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PLs cancontributeto solvetheseproblemsof 

oral administration:

Å Poor permeability (e.g. BCS III drugs)

ÂEnhance permeability drug specific

Å Poor dissolution (e.g. BCS II drugs)

Â Increase dissolution kinetics

Â Increase solubility

Å Food dependent variability

ÂDevelop formulations which are less food dependent

Å Short half live

ÂDevelop formulation for oral controlled release ï(requires absorption in 

colon) 
43



Examplesof projects

Å Liposomes as oral delivery systems for poorly soluble compounds: behavior 

during digestion and absorption processes

Å Phospholipids as excipients in Amorphous Solid Dispersions ïan attempt to

establish hot-melt-extrusion for oral formulations of poorly soluble drugs

Å Bioactive liposomes for the treatment of Non-Alcoholic SteatoHepatitis

(NASH)

Å Co-amorphous drug-lecithin systems ïbridging the gap between amorphous 

solid disperions and lipid based drug delivery

Å Enabling oral delivery of peptides by designing phospholipid complexes for 

self-emulsifying drug delivery systems

Å Oral mixed micelle formulations ïa novel phospholipid-based platform for 

safe and effective pediatric drug delivery
44

https://www.phospholipid-research-center.com/funding/funded-projects/



Benefits and problemsof phospholipids

Benefits

ÅNatural source

Å Structure very common in 

nature, including the human 

body

Å Biodegradable

Å Excellent safety profile

ÅDecades of research, very

good knowledge and database

Problems

Å Supplier dependent quality

ÅOften hygroscopic, sticky

material

ÅChemical degradation by

oxidation and hydrolysis

Å Precipitation by Ca2+ or Mg2+
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The futureé

Åŷ Importance of PLs

ÂOral

ÂParenteral

ÂPulmonal

Åŷ ŷ Mixed Micelles

Åŷ ŷ ŷ  Monoacyl-PLs
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