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What? IntroductionWhat? Introduction
The formulation of hydrophobic drugs The formulation of hydrophobic drugs 

represents a challenge due to their poor aqueous represents a challenge due to their poor aqueous 
dissolution and hence poor bioavailabilitydissolution and hence poor bioavailability

The oral route remains the preferred drug The oral route remains the preferred drug 
administration route due to its convenience and administration route due to its convenience and 
good patient compliancegood patient compliance

The drug dissolution rate in the gastrointestinal The drug dissolution rate in the gastrointestinal 
fluid (GIF) is the rate limiting step for poorly fluid (GIF) is the rate limiting step for poorly 
waterwater--soluble drugs, meaning that the drug soluble drugs, meaning that the drug 
should be dissolved in the GIF for clinical efficacy  should be dissolved in the GIF for clinical efficacy  
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What? IntroductionWhat? Introduction

Solid dispersion of a drug in a waterSolid dispersion of a drug in a water--soluble soluble 
carrier is an effective technique to enhance the carrier is an effective technique to enhance the 
drug dissolutiondrug dissolution

Obstacles of solid dispersion technology inObstacles of solid dispersion technology in
pharmaceutical formulations are:pharmaceutical formulations are:

a large amount of a carrier is required a large amount of a carrier is required 
scalescale--up of the processup of the process

Lyophilization or freeze drying: Removal of Lyophilization or freeze drying: Removal of 
water or solvent by:water or solvent by:

sublimationsublimation
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Equilibrium pressureEquilibrium pressure--temperature temperature 
diagram for waterdiagram for water
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Suggested modelsSuggested models

Fluid can penetrateFluid can penetrate

Poorly water soluble drugs,Poorly water soluble drugs,
the available surface area the available surface area 

is smallis small

Modification of surface propertiesModification of surface properties

Decreased aggregation,Decreased aggregation,
the available surface areathe available surface area

is largeis large
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Why? Objective and AimsWhy? Objective and Aims

Aims: Aims: 

To prepare To prepare spironolactonespironolactone solid dispersion solid dispersion 
formulations in hard gelatin capsules using formulations in hard gelatin capsules using 
lyophilizationlyophilization
To study the effects of To study the effects of excipientsexcipients, citric , citric 

acid, acid, mannitolmannitol and sodium and sodium dodecyldodecyl sulfate sulfate 
(SDS) on dissolution behaviors and (SDS) on dissolution behaviors and 
conformational integrity of the drugconformational integrity of the drug

Evaluation of dissolution enhancement of Evaluation of dissolution enhancement of 
spironolactonespironolactone (a model hydrophobic drug)(a model hydrophobic drug)
viavia in situin situ lyophilizationlyophilization
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Melting methodMelting method
Preparation of solid dispersionsPreparation of solid dispersions

DrugDrug

MeltingMelting
Molten Molten 
productproduct

CarrierCarrier Grounded or filledGrounded or filled
into capsulesinto capsules

High carrier High carrier Low carrier            Low carrier            
concentration concentration concentrationconcentration
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Solvent methodSolvent method
Preparation of solid dispersionsPreparation of solid dispersions

Drug and Drug and CarrierCarrier

Solvent evaporationSolvent evaporation
SolidifiedSolidified

massmass

Grounded Grounded 

CoCo--solvent solvent 
Oven or vacuumOven or vacuum

High carrier High carrier Low carrier            Low carrier            
concentration concentration concentrationconcentration
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Preparation of lyophilized capsule formulationsPreparation of lyophilized capsule formulations
How? MethodsHow? Methods

SpironolactoneSpironolactone (25mg/mL) (25mg/mL) 
with: citric acid (5%) or with: citric acid (5%) or 
mannitolmannitol (1, 1.5%) and/or (1, 1.5%) and/or 
SDS (5, 10, 15%)SDS (5, 10, 15%)

Filled into hardFilled into hardCoCo--solvent solvent 
((terttert--butylbutyl
alcohol, 60%)alcohol, 60%)

gelatine capsules’ bodygelatine capsules’ body
(000) (000) 

Freeze driedFreeze dried

Capsules Capsules 
were capped were capped 
and storedand stored
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Characterization of lyophilized productsCharacterization of lyophilized products
How? MethodsHow? Methods

Dissolution testingDissolution testing
Capsules tested at 37°C and 50rpm paddle speed.Capsules tested at 37°C and 50rpm paddle speed.
The dissolution media was 1000mL of 0.1N The dissolution media was 1000mL of 0.1N HClHCl..

Differential scanning Differential scanning calorimetrycalorimetry (DSC)(DSC)
Solid samples, sealed in Solid samples, sealed in aluminiumaluminium DSC pans and DSC pans and 
loaded in sample cells under nitrogen, were scanned loaded in sample cells under nitrogen, were scanned 
from 20from 20--270°C at 10°C/min.270°C at 10°C/min.

FTFT--IR spectra were collected for IR spectra were collected for lyophilisatelyophilisate
samples of various formulations using samples of various formulations using KBrKBr discs.discs.

Fourier Transform Infrared Spectroscopy Fourier Transform Infrared Spectroscopy 
(FT(FT--IR)IR)



12

Results and DiscussionResults and Discussion
Macroscopic examination of lyophilized Macroscopic examination of lyophilized 

productsproducts

SDSSDS White and fluffy mass that White and fluffy mass that 
collapsed within the hard capsulescollapsed within the hard capsules

MannitolMannitol Improved the structure of Improved the structure of 
lyophilizatelyophilizate

Citric acid Citric acid Collapsed Collapsed lyophilizatelyophilizate

This was confirmed by characterization This was confirmed by characterization 
methodsmethods
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Results and DiscussionResults and Discussion
Dissolution testingDissolution testing

Lyophilized drug, Lyophilized drug, 
different % of SDSdifferent % of SDS

Lyophilized drug Lyophilized drug 
compared to controlcompared to control
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Results and DiscussionResults and Discussion
Dissolution testingDissolution testing
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Results and DiscussionResults and Discussion

Dissolution testingDissolution testing
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Results and DiscussionResults and Discussion
Differential scanning Differential scanning calorimetrycalorimetry (DSC)(DSC)

DSC DSC thermogramsthermograms of (A) of (A) spironolactonespironolactone + 5% SDS, (B)+ 5% SDS, (B)
spironolactonespironolactone + 1%(w/v) + 1%(w/v) mannitolmannitol + 5% SDS, (C) + 5% SDS, (C) 

spironolactonespironolactone + 1%(w/v) + 1%(w/v) mannitolmannitol + 10% SDS, (D)+ 10% SDS, (D)
spironolactonespironolactone alone.alone.
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Results and DiscussionResults and Discussion
Fourier Transform Infrared SpectroscopyFourier Transform Infrared Spectroscopy
(FT(FT--IR)IR)

FTFT--IR spectra of (A) IR spectra of (A) spironolactonspironolacton, (B), (B)
spironolactonespironolactone + 1%(w/v) + 1%(w/v) mannitolmannitol, (C) , (C) 

spironolactonespironolactone + 10% SDS, (D)+ 10% SDS, (D)
spironolactonespironolactone + citric acid.+ citric acid.
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Advantages and disadvantages of Advantages and disadvantages of 
freeze dryingfreeze drying

AdvantagesAdvantages ::
Drying at very low temperaturesDrying at very low temperatures

Freeze dried solid occupies as much volume asFreeze dried solid occupies as much volume as
original solution original solution 
Enhances solubility and stabilityEnhances solubility and stability
No contact with air (no oxidation)No contact with air (no oxidation)

DisadvantagesDisadvantages::
Products are very hygroscopicProducts are very hygroscopic
Control the particle size of the solid is difficultControl the particle size of the solid is difficult
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Used for drying of heat sensitive products for Used for drying of heat sensitive products for 

example: example: antibiotics, blood products and vaccinesantibiotics, blood products and vaccines

Development of solid protein pharmaceuticals Development of solid protein pharmaceuticals 

(for long term storage)(for long term storage)

Lyophilised nasal insertsLyophilised nasal inserts

Drying of microDrying of micro-- and and nanonano-- particles particles 

Pharmaceutical applications of freeze dryingPharmaceutical applications of freeze drying
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Examples for formulations containingExamples for formulations containing
lyophilized drugslyophilized drugs

ProstavasinProstavasin®®
Prostaglandin E1/Prostaglandin E1/αα--cyclodextrin complexcyclodextrin complex
Storage as Storage as lyophilisatelyophilisate
Aqueous solubility increasedAqueous solubility increased

SporanoxSporanox®®
ItraconazoleItraconazole/β/β−−cyclodextrincyclodextrin complexcomplex
IV administrationIV administration
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ConclusionsConclusions

LYOPHILIZATION:LYOPHILIZATION: WHY NOT USED FOR WHY NOT USED FOR 

PREPARATION OF PREPARATION OF 

SOLID DISPERSIONS BY SOLID DISPERSIONS BY IN SITUIN SITU

LYOPHILIZATION USING HARD CAPSULES TO LYOPHILIZATION USING HARD CAPSULES TO 

ENHANCE THE DISSOLUTION OF POORLY ENHANCE THE DISSOLUTION OF POORLY 

WATER SOLUBLE DRUGSWATER SOLUBLE DRUGS
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ConclusionsConclusions

In SituIn Situ lyophilizationlyophilization of of spironolactonespironolactone with with 

mannitolmannitol and SDS show promise for dissolution and SDS show promise for dissolution 

enhancement of enhancement of hydrophbichydrophbic drugsdrugs
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