
30.03.2012 

1 

Az SZTE Kutatóegyetemi Kiválósági Központ tudásbázisának  
kiszélesítése és hosszú távú szakmai fenntarthatóságának megalapozása  
a kiváló tudományos utánpótlás biztosításával”  

Gyógyszertudományok Doktori Iskola 
Ph.D. kurzus (GYTKDIE16) 

„Introduction to melt extrusion and application 
of quality by design principles” 

2012. 03. 27. – 03. 30. 

„Solid dispersions: Types, production, 
characterization”  

Prof. Dr. Peter Kleinebudde  

TÁMOP‐4.2.2/B‐10/1‐2010‐0012 projekt 

InsJtute of PharmaceuJcs and BiopharmaceuJcs 
Heinrich‐Heine‐University 
Düsseldorf, Germany 

PharmaceuJcal Solid State  PSSRC Research Cluster 

Peter Kleinebudde 

Introduc.on to melt extrusion and applica.on 
of quality by design principles  

Szeged, March 26‐30, 2012  



30.03.2012 

2 

PharmaceuJcal Solid State  PSSRC Research Cluster 

Content 

•  Solid 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Solid dispersions: DefiniJon 

•  “the dispersion of one or more acJve ingredients in an 
inert carrier matrix at solid‐state prepared by the 
melJng (fusion), solvent or melJng‐solvent 
method” (Chiou and Riegelman 1971) 

•  “a group of solid products consisJng of at least two 
different components, generally a hydrophilic matrix 
and a hydrophobic drug. The matrix can be either 
crystalline or amorphous. The drug can be dispersed 
molecularly, in amorphous parJcles (clusters) or in 
crystalline parJcles” (Dhirendra et al. 2009) 

5 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Solid dispersions: Types 

•  One or more phases 

•  Drug is dispersed molecularly, as amorphous parJcles 
or crystalline parJcles 

•  Carrier is crystalline or amorphous 
•  Drug and carrier are miscible in molten state or not 

6 Improvement of Bioavailability of Poorly Soluble Drugs 

Term 
Solid 

Solution 

Glassy 
Solid 

Solution 

Compound 
Complex 

Formation 

Solid 
Crystal 

Suspension 

Eutectic 
Mixture 

Amorphous 
Precipitation 

Glassy 
Suspension 

Phases 1 1 1 2 2 2 2 

Drug 
molecularly 
dispersed 

molecularly 
dispersed 

molecularly 
dispersed 

crystalline crystalline amorphous 
amorphous 
crystalline 

Carrier crystalline amorphous 
crystalline 
amorphous 

crystalline crystalline crystalline amorphous 
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Ostwald‐Mier diagram 

•  Solubility curve 
•  Thermodynamic 
equilibrium 

•  KineJc stabilisaJon 
•  SupersaturaJon  
•  Crystallisaton 

–  NucleaJon 
  spontaneous 
  induced 

–  Crystal growth 

7 Melt extrusion and QbD principles I 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Ostwald Mier diagram 

•  Cooling, drying, addiJon 
of anJsolvent etc.: 

•  slow 
–  Large parJcles 
–  Higher crystallinity index 

•  Fast 
–  Small parJcles 

–  Lower crystallinity index 
•  Ultra fast 

–  Amorphous systems 

8 Melt extrusion and QbD principles I 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Solid dispersions: ProperJes 

9 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Glass transiJon temperature Tg 

•  Mobility of chain segments increases above Tg 
•  Hardness, elasJcity, viscosity, swelling, hydrolysis, 
diffusion coefficient etc. change drasJcally at Tg 

•  PlasJcizer can decrease Tg 
–  Internal plasJciser: change of the polymer structure by 
introducJon of large subsJtuents or branching 

–  External plasJciser: low molecular liquids with low vapour 
pressure and high affinity to the polymer 

–  Cave: water (Tg of 135K) is a plasJcizer for many hydrophilic 
polymers 

10 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Solid dispersions: Types 

11 Improvement of Bioavailability of Poorly Soluble Drugs 

EutecJc mixture        Solid crystal suspension 

PharmaceuJcal 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PSSRC Research 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Solid dispersions: Types 

12 Improvement of Bioavailability of Poorly Soluble Drugs 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Solid dispersions: Carrier materials 

hydrophilic  lipophilic 

Small molecules  Sugars, sugar alcohols, urea, 
cyclodextrins, surfactants 

Lipids: fats, waxes, paraffins 
etc., surfactants 

Polymers  Macrogols, polyox, cellulose ethers, 
povidone, copovidone, PEG‐PVA gran 
copolymer etc. 

Cellulose ethers, PMMA 
derivaJves, silicones, PE etc. 

13 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Solid dispersions: Examples 

14 

Janssens and van den Mooter, 2009 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SelecJon of the polymer 

15 

Janssens and van den Mooter, 2009 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Solid dispersions: Advantages 

16 

•  PreparaJon of solid dispersions results in parJcles with reduced 
parJcle size and thus higher surface area and increased 
dissoluJon rate is aoained. The ulJmate result is improved 
bioavailability. 

•  Weoability is improved during solid dispersion producJon. 
Improved weoability results in increased solubility. Here the 
carriers play the major role to improve the weoability of the 
parJcles. 

•  ParJcles in solid dispersions have been found to have a higher 
degree of porosity. The increased porosity of solid dispersion 
parJcles accelerates the drug release profile. Increased porosity 
also depends on the carrier properJes. 

•  In solid dispersions drugs are presented as supersaturated 
soluJons which are considered to be metastable polymorphic 
form. Thus presenJng drugs in amorphous form increase the 
solubility of the parJcles. 
 Vasconcelos et al. (2007) 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Solid dispersions: Disadvantages 

17 

 Problems limiJng the commercial applicaJon of solid 
dispersions: 

•  its method of preparaJon 

•  reproducibility of its physicochemical properJes 
•  its formulaJon into dosage forms 
•  the scale up of manufacturing processes 
•  the physical and chemical stability of drug and vehicle 

 Serajuddin (1999) 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Solid dispersions: ApplicaJons 

•  Increase the aqueous solubility and/ or the dissoluJon 
rate and oral bioavailability of the drug substance 

•  Modify the release of the drug substance by embedding 
the drug in a matrix 
–  Insoluble, inert matrix 

–  Soluble or swelling matrix 

 Prolonged dissoluJon over hours (oral), days, weeks or 
months (vaginal, parenteral) 

19 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Solid dispersions: ProducJon 

•  Solvent methods 
–  Spray drying 
–  Freeze drying 
–  CasJng, drying, milling 

20 

•  Thermal methods 
– Melt extrusion 
– Melt granulaJon 

– Mixed methods 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Solid dispersions: ProducJon 

•  Solvent methods 
–  Viscosity of the soluJon depends on the concentraJon and 
the properJes of drug and carrier, e.g. the molecular weight 
of a polymer. 

–  Viscosity is usually low. 
•  Thermal methods 

–  Viscosity of the melt depends on the temperature and the 
properJes of drug and carrier. 

–  Viscosity is comparable low for small carrier molecules. 

–  High viscosity for polymeric carriers. 

21 

PharmaceuJcal Solid State  PSSRC Research Cluster 

Solid dispersions: ProducJon 

22 

Kim et al., 2011 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Types of solid dispersion: melJng method 

•  ... depends on process condiJons and materials 
– above the melJng points of drug and carrier 

– above the melJng point of the carrier but below the 
melJng point of the drug 
 drug dissolves in the carrier 

– above the melJng point of the drug but below the 
melJng point of the carrier 
 drug can plasJcize the carrier 

– below the melJng points of drug and carrier 

23 Melt extrusion and QbD principles I 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Types of solid dispersion: solvent method 

•  ... depends on process condiJons and materials 
– drug and carrier are soluble in the solvent 
 glassy solid soluJons can be formed 

– carrier is soluble, but drug is not soluble in the 
solvent 
 two phase systems will be formed 

24 Melt extrusion and QbD principles I 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Spray drying 

25 Melt extrusion and QbD principles I 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Cyclone Filter Fan 

Liquid pump 

Drying chmaber 

Spray dryer 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Cyclone 

Gas with 
Powder 

Gas 

Powder 

PharmaceuJcal Solid State  PSSRC Research Cluster 

Evaporation: 
Rate:  46  kg / h 

Heat loss: 
Total enthalpy:  5,6  kW 

Feed: 
Temperature:  20  º C 
Flow:  63  kg / h 
Water content:  75  % 
Total enthalpy:  1,2  kW 

Powder: 
Temperature:  85  º C 
Flow:  16,5  kg / h 
Water content:  5  % 
Total enthalpy:  0,6  kW 

Outlet drying air: 
Temperature:  90  º C 
Flow:  1296  kg / h 
Vapour content:  47  g / kg 
Air enthalpy:  31  kW 
Vapour enthalpy:  44  kW 
Total enthalpy:  75  kW 

Inlet drying air: 
Temperature:  200  º C 
Flow:  1250  kg / h 
Vapour content:  10  g / kg 
Air enthalpy:  70  kW 
Vapour enthalpy:  10  kW 
Total enthalpy:  80  kW 

Qin = Qout 

Qin = 81,2 kW  Qout = 81,2 kW  

Drying 

chamber 

Thermal Energy Flow in Spray Dryer 

1 kJ is required to heat 1 kg of air by 1 °C 
To evaporate 1 kg of water 2400 kJ are required 
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Shrivelled particle Solid particle with 
satellites 

Solid particle 

Hollow particle Cenosphere Disintegrated particle 

Spray drying products 

PharmaceuJcal 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Solid dispersions: Miscibility and Solubility 

•  Miscibility describes the tendency of the supercooled 
liquid/glassy form of the API to mix with a polymer. 

•  Solubility refers to the ability of the polymer to act as a 
“solvent’’ and dissolve a crystalline API.  

•  Appearance of crystalline API in a solid dispersion 
following manufacturing or storage does not necessarily 
imply that the two liquids are immiscible.  

•  Crystalline API can also be explained if the solubility 
limit has been exceeded and condiJons were favorable 
for crystallizaJon. 

30 

Marsac et al. 2006 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Solid dispersions: Miscibility and Solubility 

•  If the solubility of the API in the polymer can be 
measured or esJmated, then the degree of 
supersaturaJon, which is a measure of the driving force 
for crystallizaJon can be evaluated. 

31 

Marsac et al. 2006 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Solid dispersions: Miscibility and Solubility 

•  The term miscibility is used to refer to the formaJon of 
a single phase amorphous system through liquid/liquid 
mixing where one liquid is an amorphous polymer and 
the other liquid is an amorphous drug (clearly this is an 
oversimplificaJon for systems below the glass transiJon 
temperature since these are non‐equilibrium).  

•  Molecular level mixing can be achieved either by 
dissoluJon of each component in a mutual solvent 
followed by solvent removal or by directly mixing the 
two liquids. 

32 

Marsac et al. 2006 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Solid dispersions: Miscibility and Solubility 

•  Thermodynamics dictate that metastable/unstable 
systems will tend to phase separate but due to slow 
dynamics, the blend may be sufficiently kineJcally 
stable for the intended use. 

33 

Marsac et al. 2006 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Solid dispersions: Miscibility and Solubility 

•  In order to modify the physical stability of the drug, 
molecular level mixing with the polymer is desirable, 
thereby altering the local environment of the drug.  

•  If the two components are immiscible, the properJes of 
the pure amorphous solid will largely dominate the 
crystallizaJon behavior of the mixture and effects of the 
polymer on physical stability will be limited.  

•  The chemical potenJal of the API will be lowered 
through mixing with a polymer. Reducing the chemical 
potenJal will alter the thermodynamic driving force for 
crystallizaJon. 

34 

Marsac et al. 2006 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Solid dispersions: Solubility 

•  Solubility measurements 

•  Solubility parameters 
•  Flory‐Huggins modeling 

35 

Marsac et al. 2006 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Strategies to avoid recrystallisaJon 

•  ReducJon of molecular mobility 
–  Tg >50K above storage temperature 
–  high interacJons between polymer and drug 

  Hydrogen bonds 
  ElectrostaJc interacJon (e.g. salt formaJon) 

•  High conformaJonal entropy of the solid dispersion 

36 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Solid dispersions: ProperJes 

37 

Storage temp.      Melt temp. 

PharmaceuJcal Solid State  PSSRC Research Cluster 

SelecJon of the polymer 

38 

Janssens and van den Mooter, 2009 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Solid dispersions: DissoluJon 

39 

Carrier controlled dissoluJon                Drug controlled dissoluJon 
Craig 2002 

PharmaceuJcal Solid State  PSSRC Research 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Solid dispersions: CharacterisaJon 

•  XRPD 
•  (modulated) DSC 
•  TMA, DMA 

•  Hot stage microscopy 
•  SEM, TEM 
•  Spectroscopic methods 

–  IR 
–  Raman 

•  SS‐NMR 

40 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XRPD 

crystalline 

amorph 

partly crystalline 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DSC 

crystalline 

amorph 

one or more glass transiJon temperatures 

PharmaceuJcal Solid State  PSSRC Research Cluster 

Gordon‐Taylor equaJon 

•  Prediction of the glass transition temperature 
of glassy solid solutions of drug and carrier 

  Simha-Boyer rule   Couchman-Karasz equation 

44 

wi    weight fracQons of the components 
K    parameter 
ρi    densiQes of the amorphous components 
subscript 2  compound with the higher Tg 
ΔCpi    heat capacity change 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DSC 

45 Melt extrusion and QbD principles I 

MelJng point depression 
Marsac et al. 2006 

PharmaceuJcal Solid State  PSSRC Research Cluster 

DSC 

46 Melt extrusion and QbD principles I 

Phase separaJon during storage: one Tg aner producJon ‐> more Tgs aner storage 
Lakshman 2008 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History of product 

47 Melt extrusion and QbD principles I 

PharmaceuJcal Solid State  PSSRC Research Cluster 

TripalmiJn/ Macrogol 10.000: DSC 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TripalmiJn/ Macrogol 10.000: XRPD 

PharmaceuJcal Solid State  PSSRC Research Cluster 

Release from Mixed Matrices 

Basket, 242 nm, 37±0,5 °C, 50 rpm, pur. water, n=3, mean, SD<4%, not shown 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Hot stage microscopy 

51 Melt extrusion and QbD principles I 

Drug liquefies around Tg of 125°C; 10% of PVP K‐30 dissolvs in the drug reducing the Tg 
of the polymer 
Lakshman 2008 

PharmaceuJcal Solid State  PSSRC Research Cluster 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