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ABSTRACT 

The use of solid dispersions to formulate poorly water soluble drugs is a growing 

field in the pharmaceutical sciences.  Hot-melt extrusion is a common method for 

producing dispersions.  However, bench-top extruders require large amounts of 

powder to run and are inappropriate for early formulation screens.  Plastic and 

glass syringes are readily available in most laboratories.  250 mg of drug-polymer 

blend is placed in a plastic syringe body that has the tip covered with a bent 

needle.  The syringe is heated for 5 minutes and the extrudate is pushed through 

the syringe.  Extrudates are characterized by differential scanning calorimetry 

and powder x-ray diffraction.  Acetaminophen, griseofulvin, indomethacin, 

salicylamide, and sulfamethoxazole extruded with polyvinylpyrrolidone K12 

match or exceed the performance of solvent evaporated controls.  Glass syringes 

can be used when polymers have processing ranges above the melting point of 

the plastic syringes.  Syringe extrusion is effectively demonstrated as a rapid 

process for early formulation screening. 
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Chapter 1. Introduction 

It is estimated that 20-50% of all investigational drug compounds have poor 

aqueous solubility.  Chemicals with low solubility exhibit slow and incomplete 

dissolution, resulting in low bioavailability.  Many of these compounds have the 

potential to become marketed drugs, if their solubility challenges can be 

addressed.  There are several solubility enhancing techniques used in 

pharmaceutical formulation that may address these challenges.  These include: 

salt formation, particle size reduction of crystalline drug, micellular delivery, and 

the use of solvents and cosolvents.  The manufacture of solid dispersions is 

another method utilized to increase drug solubility and ultimately improve clinical 

outcomes. 

Solid dispersions are mixtures of drug and carrier compounds blended at the 

molecular level.  There are many variations of the dispersion technique, including 

eutectics, drug suspended in polymeric material, and the use of polymeric 

solutions (1-3).  This dissertation will focus on maintaining drug molecules in an 

amorphous state utilizing polymeric carriers for immediate release upon 

ingestion. 

In the amorphous state, molecules of a compound are randomly spaced in a 

material.  In contrast, crystalline forms are marked by repeating molecular 

arrangements with long range molecular order.  Dissolution from a crystal 

requires enough energy to remove a molecule from the lattice (4).  The 
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randomness of amorphous forms reduces the energy requirements for solvation 

and dissolution occurs at faster rates. 

1.1 Polymers in Solid Dispersions 

Amorphous polymeric carriers are utilized in solid dispersions for three primary 

purposes.  Firstly, polymers keep drug in an amorphous state, by acting as 

barriers to crystallization in the solid form (5).  Secondly, polymers are also used 

to inhibit crystallization in solution and they can act as cosolvents (6).  Thirdly, 

newer polymers may behave as polymeric micelles, providing hydrophobic-rich 

domains to increase drug solubility (7-9). 

In solid dosage forms, polymers provide barriers to drug crystallization.  

Polymers are much larger than drug molecules and may physically keep drug 

molecules apart.  This is widely demonstrated by polyvinylpyrrolidone-based 

dispersions.  Dispersions that use higher molecular weight PVP, generally have 

better stability than dispersions in lower molecular weight PVP’s (10).  Higher 

molecular weight polymers also have increased molecular interactions.  This is 

seen experimentally by increasing glass transition temperatures with increasing 

chain length (11).  Widely dispersed drug molecules in a glassy polymeric state 

cannot nucleate or grow efficiently.   

Polymers may also limit crystallization by attracting drug molecules through 

hydrogen bonding.  Most polymers in drug formulations accept hydrogen bonds, 
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including polyethylene oxides and polyvinylpyrrolidones (12).  Many polymers 

also donate hydrogen bonds, such as the cellulose derivatives (13).  

Dissolution of drugs is impacted in several ways by polymeric materials in solid 

dispersions.  Polymers may lower the viscosity of solutions, form gels to isolate 

drug molecules from water, and act as cosolvents.  Raising the viscosity of 

solutions, often slows drug diffusion (14).  Reduced molecular mobility will slow 

nucleation, crystal growth and precipitation.  Gel formation occurs when polymers 

with high intramolecular forces form highly coiled particles, greatly reducing 

molecular contact with water.  The non-hydrated core of the molecule may 

solubilize drugs (15).   Lastly, cosolvents reduce the polarity of the solution and 

may solubilize drugs, as drugs are usually less polar than water. 

Newer polymers on the market, such as Soluplus and hydroxypropyl-

methylcellulose acetate succinate increase drug solubility by forming polymeric 

micelles (16, 17).  These polymeric micelles are marked by hydrophilic ends that 

hydrate well and hydrophobic sections that solubilize non-polar drugs. 

1.2 Manufacturing Methods 

1.2.1 Solvent Evaporation Methods 

There are two basic methods for the production of solid dispersions.  These are 

the melt method and solvent evaporation.  In the solvent evaporation technique, 

the polymer and drug are usually co-solubilized in an organic solvent.  The 
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solvent is evaporated, resulting in a drug-polymer dispersion.  Most organic 

solvents have slow and incomplete evaporation from polymers, so a variety of 

techniques are utilized to improve drying. 

The most common techniques at the bench scale utilize vacuum drying.  Basic 

systems use a desiccation chamber with a vacuum port to hold samples for a few 

days.  Another widely used laboratory apparatus is a rotary evaporator (18).  

Rotary evaporators utilize a water bath to raise the temperature of the solvent in 

the flask.  The flask is held under vacuum and rotated in the heated bath, which 

speeds the drying time.  Rotary evaporation is usually incomplete, so storage 

overnight under additional vacuum is generally needed.  A third vacuum 

technique is freeze drying (19).  In this process, the solution is quickly frozen 

below the eutectic point of the system to avoid crystal formation.  A vacuum is 

applied to the system, causing the solvent to sublimate when pressures drop to 

low enough levels.  Temperature and pressure cycling improve drying efficiency. 

Spray drying, while also conducted at the bench scale, is the most efficient 

solvent evaporation method for bulk production.  In this technique, a drug-

polymer solution is atomized to a fine mist in a spray chamber (20).  Heated inlet 

air removes solvent from the mist.  Fine particles are formed as the solvent 

evaporates from the droplets.  Secondary drying usually occurs in a vacuum 

chamber. 
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One of the newest techniques for solvent evaporation does not use vacuum 

drying (21).  In the electrospinning method, a drug-polymer solution is held in a 

chamber.  The chamber has a small valve set above a flat disk.  A low current, 

high voltage difference between the disk and the valve tip are established with 

electrodes.  When the valve is opened, electrical flow and gravity pull the solution 

through the tip.  The accumulating charge on the fine strands causes solvent 

evaporation.  The threads become even smaller if the disk is rotating and pulling 

at the threads, similar to a spinning wheel. 

Solvent evaporation has a few significant positive and negative characteristics.  

Since the materials are in solution, mixing of the polymer and drug occurs in a 

molecularly dispersed manner.  Solvent evaporation is easily conducted at the 

bench level, where solvents can be evaporated under a fume hood.  Costs rise 

dramatically with scale.  Heating a spray dryer and cooling a lyophilizer require 

significant amounts of power on the industrial scale.  The process also requires 

large amounts of organic solvents, which are generally toxic.  Commercial scale 

processes must capture solvent vapors, adding to production costs. 

1.2.2 Melt Methods 

Traditionally, the melting method was accomplished by melting the carrier and 

the drug together and mixing them.  A few polymers, such as polyethylene oxide 

and some of the polylactic-co-glycolic acids have true melting points (22, 23).  

However, most polymers used in drug dispersions do not melt.  These polymers 
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are heated through their glass transitions to regions where the melt viscosity 

drops enough to allow mixing.  Drugs may be heated past their melting point, but 

this is not always necessary.  Drugs may be dissolved in heated polymers before 

the drugs reach their melting point (24). 

The simplest melt method is to heat the drug and carrier materials in a crucible 

over a heat source (25).  If the carriers melt or become fluid enough, mixing can 

be accomplished with a spatula.  However, most polymers remain thick and 

viscous when heated and thorough mixing is difficult.  

More complex systems for the melt method involve extruders.  The simplest 

extruders are piston devices, such as ram extruders (26).  These have chambers 

for melting the polymer dispersions.  When the materials are properly heated for 

an adequate amount of time, an actuated piston pushes extrudate from the 

chamber.  The major drawback of piston extruders is that they provide very little 

mixing. 

Single-screw and twin-screw extruders add mixing tools to the extrusion process.  

Single-screw devices spin an auger against the die walls.  The resulting friction 

against the die wall and within the fluid provides mixing forces (27).  Twin-screw 

devices feature co-rotating screws and greatly increase mixing efficiency (28).  

The rotating action of these augers kneads the dispersion material together as it 

feeds through the heated dies.    
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Even with heated twin-screw extruders, many polymers are too viscous to 

properly form dispersions (29).  Plasticizers are used to reduce the glass 

transition temperatures of the dispersion systems.  Plasticizers are typically short 

chain length polymers with low Tg’s.  Many plasticizers also act as disintegrating 

agents and are selected for these dual purposes.  Examples of plasticizers 

include short chain length PVP’s and polaxamers (30).  Newer extruders may 

use compressed carbon dioxide as a plasticizer (31).  This pressurized gas 

dramatically reduces the Tg’s of polymers and rapidly expands at the end of the 

extrusion die.  The resulting extrudate is a porous foam. 

The melt method has many advantages and a few drawbacks over solvent 

evaporation techniques.  Extrusion does not require toxic solvents.  Drugs that 

form solvates may be extruded without forming new polymorphs.  Extrusion is a 

continuous process that adds efficiency at a commercial scale.  Hot-melt 

extrudates do not require drying.  The largest drawback to hot-melt extrusion is 

exposing drugs to high temperatures for extended time periods.  Many drugs 

undergo thermal degradation are not ideal candidates for extrusion. 

1.3 Analytical Methods 

There are many analytical techniques to investigate solid dispersion 

performance.  Most of these are solid state tests of the milled extrudate or spray-

dried particles.  These include Fourier-transform infrared spectroscopy, powder 

x-ray diffraction, and water vapor sorption.  Many techniques measure dispersion 
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characteristics that change with regards to temperature.  Differential scanning 

calorimetry is the core test for these analyses.  Hot-stage microscopy is also 

widely available.  In principle, many spectroscopic techniques can analyze 

changes with regard to temperature if sample controllers are installed on the 

analytical devices.  Powder x-ray diffraction devices often have temperature 

controllers (32). 

Pharmaceutical solid dispersions are designed for immediate or controlled 

release of drugs.  There are many tests to measure solution performance of the 

dispersions.  The most important of these is dissolution testing.  This analysis 

measures the rate at which a drug enters the solution state.  HPLC is a device for 

measuring drug concentration in solution.  Other solution state tests are nuclear 

magnetic resonance and dynamic light scattering.  Nuclear magnetic resonance 

tests can evaluate interactions between drugs and polymers (33).  Dynamic light 

scattering is used to evaluate micelles and suspensions (34). 

1.3.1 Differential Scanning Calorimetry 

DSC places a sample pan and a reference pan on individual thermocouples in a 

temperature controlled chamber (35).  The chamber is then heated or cooled.  

The thermocouples measure the differences in the amount of heat needed to 

gain or lose fractions of degrees of temperature in the two pans.  Generally, the 

sample pan and the reference pan gain or lose heat at the same rate.  If the 

sample pan gains heat, in relation to the reference pan, the sample is undergoing 
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an endothermic transition.  In solid dispersions, endothermic transitions typically 

reflect Tg’s and melting transitions.  If the sample pan loses heat, in relation to 

the reference pan, the sample is undergoing an exothermic transition.  This 

typically indicates a recrystallization event. 

Thermodynamic phase changes typically have larger heat fluctuations than other 

temperature-related transitions.  As such, fusion and boiling transitions are 

relatively easy to detect on DSC thermograms.  A melting endotherm in solid 

dispersions is a clear sign that drug crystals were present in the sample.  

However, glass transitions and polymorph switches are often very difficult to 

detect in thermograms.  The glass transition occurs when a glassy material shifts 

to the rubbery state (36, 37).  This transition marks a temperature at which fairly 

rigid glass molecules gain enough energy to have short polymeric segments 

stretch past their neighbors.  Glass transition temperatures are key indicators of 

dispersion stability.  Large differences in storage temperature and Tg’s may lead 

to greater dispersion shelf-life (38). 

1.3.2 Powder X-ray Diffraction 

Crystals are composed of molecules fixed in ordered arrangements called unit 

cells.  Multiple unit cells are organized into lattice structures with ordered planes.  

When a focused beam of x-rays hits the planes of a crystal surface, the x-rays 

are diffracted according to Bragg’s Law.  The diffracted x-rays form rings as they 

strike a detection plate.  The angle of each ring from the source beam is the 
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scattering angle, 2Ɵ. Every crystal form has a unique diffraction pattern.  

Amorphous materials lack crystal structure, so there is no repeating pattern 

detected in the diffracted x-rays.   

Powder x-ray diffraction is an exceptional tool for the analysis of solid 

dispersions.  Small samples of fine powder are needed.  Analysis typically takes 

30-60 minutes per sample, but sample preparation is minimal, so total 

experimental time is brief.  Interpretation of the results can proceed rapidly. 

1.3.3 Dissolution Testing 

The primary function of immediate release oral dosage forms is to dissolve 

quickly in the stomach so that drug may be absorbed in the small intestine.  

Dissolution testing typically utilizes 900 mL of 0.1 N HCl or phosphate buffer 

saline solution, in a round bottom flask, maintained a 37°C.  A paddles slowly 

spins to provide gentle mixing to the solution.  Aliquots are periodically analyzed 

by HPLC or an ultraviolet light probe.  Small scale studies often use less 

dissolution medium in smaller vessels to save investigational materials. 
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Chapter 2. Syringe Extrusion through Plastic Syringes 

2.1 Introduction 

Pharmaceutical companies are producing an ever-growing number of poorly 

water soluble compounds.  A diverse number of strategies are available to 

formulate these molecules.  Solid dispersions of amorphous drug in polymeric 

carriers offer one technique to increase solubility and ultimately bioavailability in 

immediate release dosage forms.  Solid dispersions also provide systems for 

controlled release of drugs.  Polymeric solid dispersions are the basis of pellets 

that disintegrate in the small intestine, drug loaded arterial stents, and 

biodegradable hormone implants (39, 40). 

Hot-melt extrusion is a common method for the production of solid dispersions.  

This manufacturing technique is ideally suited to continuous manufacturing of 

large amounts of material.  Unfortunately, this technology does not scale down 

well for early formulation development (41).  The Thermo Scientific Pharma Mini 

HME is the smallest twin screw extruder on the market (42).  This device 

generally requires powder blends of 5-10 grams of material per batch run.  This 

amount of material is unavailable for most early formulation screens. 

Plastic syringes are simple piston devices available in most laboratories.  If 

carrier polymers and drug compounds are well-mixed prior to heating, syringes 

provide a heating chamber for melting the materials together and a piston to 

push the extrudate through the syringe body.  Five drugs were mixed with 
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polyvinylpyrrolidone K12.  Extrudates were milled and analyzed by DSC and 

PXRD. 

2.2 Drug Selection 

Five FDA-approved drug substances were selected for production of formulated 

solid dispersions and analytical testing.  Acetaminophen, griseofulvin, 

indomethacin, salicylamide, and sulfamethoxazole were selected primarily for 

their melting points and solubility parameters (Figure 1).  High melting points are 

indicative of high lattice enthalpies, leading to lower aqueous and lower polymer 

solubility for most organic molecules (43).  Large differences between the 

polymer and drug solubility parameters have been correlated with reduced drug 

solubility in polymer systems.  The compounds listed were also selected for the 

functional group variety in the drugs.  Carboxylic acids, hydroxyls, ketones and 

esters are represented by this group of compounds.  The drugs also have 

chlorines, amines, amides, and sulfonamide groups.  These functional groups 

allow the compounds to form a variety of hydrogen bonds with many of the 

polymers utilized in solid dispersions. 

Indomethacin is a non-steroidal anti-inflammatory drug primarily used to treat 

pain, fever, stiffness and swelling.  Indomethacin also reduces uterine 

contractions and is used to delay premature labor.  The drug is a non-selective 

cyclooxygenase (COX-1 and COX-2) inhibitor.  The inhibition of the COX 

enzymes blocks the production of prostaglandins and interferes with down-
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stream prostaglandin signaling.  Indomethacin is available by prescription in the 

United States, due to its many side effects which may include stomach ulcers 

and liver damage. 

Indomethacin has a melting point of 155-160°C and a Log P of 4.251 (44, 45).  

The drug exhibits a glass transition temperature generally measured in the range 

of 42-45°C (46).  Five hydrogen bond acceptors and one hydrogen bond donor 

are present on each indomethacin molecule.  Indomethacin has a solubility 

parameter of 22.1 MPa1/2 (47).  The drug is a carboxylic acid with a pKa of 3.96.  

ACD estimates that indomethacin has a solubility of 5.7 mg/mL, or 0.016 M, at a 

pH=7.00.  However, solubility is reduced to 0.0061 mg/mL, 1.7×10-5 M, at a 

pH=1.00.  These estimated values correlate well with multiple values displayed 

during Scifinder and Reaxys database searches. Indomethacin is the drug with 

the lowest intrinsic solubility in this study. 

Griseofulvin was also selected for this study.  Griseofulvin is an antifungal 

compound that binds tubulin, interfering with microtubule function in mitosis.  The 

drug treats dermatophytosis, or skin fungal infections.  The World Health 

Organization considers griseofulvin to be an essential medication, since over 

20% of the world’s population suffers from these conditions (48).   

Griseofulvin has a relatively high melting point of 220°C.  It has demonstrated a 

glass transition temperature near 90°C.  The drug has a Log P of 2.014 and a 

solubility parameter of 23.9 MPa1/2.  The tricyclic compound has no ionizable 
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groups, lacks hydrogen bond donors, but does have six hydrogen bond 

acceptors.  Griseofulvin has a low solubility, relative to its dose, of 0.039 mg/mL 

or 1.1×10-4 M over a physiologic pH range of 1-8. 

Acetaminophen is a highly selective inhibitor of COX-2 enzymes expressed in the 

central nervous system.  It is used to treat pain and fever, and has weak anti-

inflammatory properties.  Since acetaminophen rarely causes peptic ulcers, it is 

widely used for arthritis and other chronic pain conditions, despite its potential to 

cause liver toxicity upon overdose.  

Acetaminophen has a melting point of 169-170°C and has a glass transition 

temperature of 23-26°C.  The drug’s log P is 0.475 and it has a solubility 

parameter of 30.8 MPa1/2.  Acetaminophen has 3 hydrogen bond acceptors and 2 

hydrogen bond donors.  The aromatic hydroxyl group is a weak acid with a pKa 

of 9.86.  However, the drug is a weak base in the physiologic pH range of 1-8.  

The amide has a pKa of 1.72.  The drug has a solubility of 15 mg/mL, or 0.098 M, 

at pH=7.  Acetaminophen’s solubility increases to 48 mg/mL, or 0.32 M, at pH=1. 

Salicylamide is an over the counter, non-steroidal anti-inflammatory drug used for 

pain relief and fever reduction.   It is commonly formulated with aspirin and 

caffeine for headache and migraine indications.  The FDA has recommended 

removing salicylamide from these dosage forms, since other NSAID’s have 

demonstrated better efficacy. 
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Salicylamide has a melting point of 139-140°C and does not have a reported 

glass transition temperature.  Salicylamide has a solubility parameter of 29.6 

MPa1/2 and a log P of 1.352.  The drug has three hydrogen bond acceptors and 

three donors.  Salicylamide is a weak base with a pKa at 8.37.  Solubility for the 

compound is 4.5 mg/mL, or 0.033 M, at pH 1 and increases slightly to 4.8 

mg/mL, or 0.035 moles/liter at pH=7.   

Sulfamethoxazole is an antibiotic commonly co-administered with trimethoprim.  

Sulfamethoxazole is used primarily to treat urinary tract infections and sinus 

infections.  The drug combination is also indicated for the treatment of 

pneumocystis pneumonia in AIDS patients.  The antibiotic works as a para-

aminobenzoic acid pathway antagonist, thereby reduces folic acid synthesis. 

Sulfamethoxazole has a melting point of 167°C and does not have a reported 

glass transition temperature.  The solubility parameter of the drug is 16.4 MPa1/2 

and the log P is 0.659 (47).  Sulfamethoxazole possesses six hydrogen bond 

acceptors and 3 hydrogen bond donors.  The drug has 2 biologically relevant 

pKa’s.  Sulfamethoxazole has an acidic pKa at 5.81 and a basic pKa at 1.39.  

This drug has an intrinsic solubility is 0.38 mg/mL and occurs near pH=4.  A 

solubility of 2.4 mg/mL, or 0.0093 M, occurs at pH=1 and has a similar solubility 

of 2.8 mg/mL, or 0.011 M, that is found near pH=7.
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Figure 1.  Molecular structure and properties of the five drugs selected for this 

study.  Diversity in melting points and solubility parameters were the two primary 

criteria used for drug selection.
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2.3 Polymer Selection 

The polymer selected for this study is polyvinylpyrrolidone K12 PF, manufactured 

by BASF, Inc. (50, 51).  This polymer was chosen as part of a study in 

collaboration with Abbott, Inc. to evaluate the solubility of 20 selected drugs in 2-

pyrrolidone derived solvents.  PVP K12 PF is a suspending agent, crystallization 

inhibitor, and cosolvent primarily used in parenteral products.  However, the 

compound is also used as a plasticizer in high viscosity dispersions, due to its 

low glass transition temperature.   

 

Figure 2.  Molecular structure of polyvinylpyrrolidone.  PVP K12 is approximately 

22 monomers in length for each polymer molecule.  

 

The glass transition temperature of PVP K12 is 90°C.  According to BASF, PVP 

K12 is suited for extrusion between 100°C and 165°C.  Ideal conditions are 

reached between 140-160°C, where the polymer has melt viscosities that 

decrease from 1000 to 100 Pa•s, respectively.  Higher temperatures show further 
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reduction in melt viscosity.  Since PVP K12 does not undergo thermal 

degradation or crosslinking until it reaches 225°C, the polymer has a wide 

processing range. 

2.4 Methods 

2.4.1 Sample preparation by syringe extrusion 

Powdered samples with 250 milligrams of total mass were prepared.  The 

samples consisted of 10%, 20%, 30%, 40% and 50% of each of the five drugs, 

with a corresponding amount of polyvinylpyrrolidone K12.  Control samples of 

each drug substance and PVP K12 were also prepared.  All samples were 

manufactured in duplicate.  Powder blends were weighed on folded weighing 

paper and then mixed for 1-2 minutes with a stainless steel spatula.   A one 

milliliter Becton-Dickinson Luer-lok disposable plastic syringe were capped with 

bent stainless steel gas chromatograph needles.  Powder blends were poured 

into the top of the capped syringes.  The plungers were inserted into the syringes 

and used to tamp the powder into soft compacts.  The plungers were removed 

prior to heating.  The syringes were worked-into a 500 milliliter beaker full of 

sand.  The sand bath was maintained at 150-160°C in a small laboratory oven.  

The temperature was measured with an infrared thermometer, adjusted for the 

emissivity of course sand, before each sample was prepared.  The samples were 

heated for five minutes.  The syringes were then withdrawn from the temperature 

bath and wiped free of sand.  Loose sand often ends up in the samples, if not 
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removed before extrusion.  The bent needle was removed from the syringe.  The 

syringe was wiped with a tissue, once again.  The plungers were inserted into the 

syringes and the molten material was pushed through the syringe tips.  Cleaning 

the syringes and extrusion must occur in approximately 30 seconds, or the 

molten blends will harden in the syringes and become too viscous for extrusion.  

Extrudates were collected in appropriately labeled glass scintillation vials.  The 

extruded samples were ground into fine powders, with a mortar and pestle prior 

to analytical testing. 

2.4.2 Control Sample Preparation by Solvent Evaporation 

Control materials were manufactured by the solvent evaporation method.  Blends 

of 10%, 20%, 30%, 40%, and 50% drug were prepared with PVP K12.  Powders 

were weighed onto weigh paper and transferred to glass vials.  Five milliliter 

aliquots of methanol were added to each vial until complete dissolution was 

achieved.  Samples were capped and allowed to sit overnight.  Samples were 

checked for complete solubility with a hand-held laser utilizing the Tyndall effect.  

More methanol was added to samples that did not completely dissolve.  If the 

solutions did not contain drug crystals, the caps were removed from the vials, 

and the vials were covered in aluminum foil.  Pin holes were punched into the foil 

to allow the methanol to evaporate and limit dust settling into the vials.  Initial 

evaporation occurred in a fume hood.  Once the powders appeared dry, usually 

after one to two days, the vials were transferred to a small stability chamber.  The 
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vials were stored over a Drierite (CaSO4) adsorbent.  The stability chamber was 

also attached to a house vacuum system.  After one week, the samples were 

removed from the chamber.  The walls of the vials were scraped with a stainless 

steel spatula.  Any caked materials in the bottom of the vials were chipped into 

fine powders.  The vials were once again placed in the stability chamber for an 

additional week of drying.  All samples were then ground with a mortar and pestle 

prior to analytical testing. 

2.5 Analytical Testing 

2.5.1 X-ray Powder Diffraction 

Powder x-ray diffraction patterns were obtained on a Philips PANalytical X’Pert 

MPD Pro Type PW3040-PRO apparatus.  A copper filament was powered at 45 

V and 40 mA.  This provided a Kα beam with a wavelength of 1.5418 angstroms.  

Divergence and anti-scatter slits were fixed at 2°.  A Soller slit with a 

measurement of 0.04 radians was also installed.  A mask at 10 mm, beam knife, 

nickel filter, and Ɵ-Ɵ goniometer were utilized.  A Philips PW 3011/20 Miniprop 

large window detection module completed the assembly. 

Powder samples were poured onto a zero background silicone plate.  The 

samples were smoothed into a thin layer with a spatula.  The samples were 

placed in the machine and spun at 1 revolution every 8 seconds during analysis.  

Data collection occurred in a continuous scan mode from 3-90° 2Ɵ.  The system 

ran with a step size of 0.050° 2Ɵ and a time per step of 91.440 seconds. 
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2.5.2 Differential Scanning Calorimetry 

Five to six milligrams of each finely ground sample were weighed into aluminum 

pans.  The pans were capped and hermetically sealed.  Pans were then 

punctured with a needle to provide a vent.  The TA Instruments Q1000 was 

calibrated with indium and sapphire disks.  The apparatus was operated under 

nitrogen purge at 40 mL/min.  Samples were held isothermal at 30°C for 5 

minutes to allow for equilibration.   Heating then occurred at 10°C per minute.  

Acetaminophen, indomethacin, salicylamide and sulfamethoxazole were heated 

to 200°C.  Heating was halted at 200°C to reduce thermal decomposition in the 

DSC chamber.  Griseofulvin has a melting point of 220°C.  Therefore, 

griseofulvin containing samples were heated to 225°C to capture the melting 

transitions, if they occur. 

2.6 Results and Discussion 

Indomethacin extruded samples appear as transparent yellow cylinders 

approximately 5 centimeters in length, as shown in Figure 3.  Solvent evaporated 

dispersons formed yellow cakes at the bottom of the glass vials.  The yellow 

color of the idomethacin is the result of drug molecules forming dimers within the 

dispersions (52).  

Powder x-ray diffraction results for indomethacin-PVP dispersions are shown in 

Figure 4.  The syringe extrusion diffractograms are displayed in the top panel.  

The diffractograms do not display sharp peaks in any of the five drug loads or the 
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PVP placebo.  The presence of peaks would indicate repetitive diffraction of x-

rays from ordered crystal surfaces.  The lack of crystallinity indicates the 

indomethacin-PVP dispersions are in an amorphous state. 

The lower panel of Figure 4, exhibits the solvent evaporation controls for 

indomethacin dispersions.  The 10%, 20%, 30%, and 40% drug loads do not 

demonstrate diffraction peaks.  The uppermost line represents the 50% drug 

load.  This diffractogram is marked by peaks, indicating the presence of 

indomethacin crystals. 

The PXRD results from Figure 4 are confirmed by the differential scanning 

calorimetry thermograms in Figure 5.  The upper panel shows the thermograms 

for the syringe extruded samples.  Indomethacin has a melting point of 155 °C.  

The thermograms do not show evidence of an endothermic event near 

indomethacin’s melting point, indicating the drug is amorphous in the syringe 

extruded samples. 

The lower panel of Figure 5 shows the DSC results for the solvent evaporated 

controls for indomethacin.  The PVP sample, along with the 10%, 20%, 30% and 

40% drug loads, do not show evidence of a melting endotherm.  However, the 

50% drug load shows a strong endothermic depression, representing an 

indomethacin melting transition in the DSC run.  Therefore, crystalline 

indomethacin is present in the 50% drug loaded sample.  Yoshioka et al. state 

that indomethacin is miscible with PVP K12 (53).  Yoshioka used a rotary 
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evaporator to quickly remove methanol from the dispersion materials.  Their 

method also provided secondary drying with a laboratory oven, rather than a 

vacuum system, to further speed the drying process.  The rapid drying may have 

reduced the time and molecular mobility needed for crystallization.  The slow 

evaporation of this study may account for greater crystal growth. 

In addition to the endothermic melting transition of the 50% indomethacin 

sample, the thermograms in Figure 5 all contain endothermic events between 50 

and 100 °C.  In fact, all of the thermograms in this study show a similar 

endothermic curve.  This transition reflects the plasticizing effects of water on pvp 

and water evaporation from the dispersion.  Water is present in all the samples 

because PVP is hygroscopic (54).  BASF’s release specifications state that PVP 

K12 should not contain more than 5% water in a newly opened bottle.  A loss on 

drying analysis on the material in this study, showed PVP contained 4% water.  It 

is noted that the thermograms in Figure 5 show reduced endothermic transitions 

as drug load escalates, and PVP content decreases, in samples produced by 

both manufacturing methods.  Heat-cool-heat cycles on the DSC exhibit reduced 

endothermic events between 50-100 °C on the second heating period, indicating 

less water is present in the second heating (thermograms not shown).  Storing 

PVP on dessicant and over vacuum also reduces, but does not eliminate the 

endotherm resulting from water evaporation.   
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Figure 3.  Indomethacin in PVP K12 extrudate.  The sample illustrates the 4-5 

centimeter extrudates produced by the syringe extrusion method. 
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Figure 4.  Diffractograms for indomethacin. PXRD results for indomethacin 

samples prepared by syringe extrusion are in the upper panel.  Samples are PVP 

K12, 10%, 20%, 30%, 40%, and 50% drug loads in ascending order.  The lower 

panel shows solvent control sample results.  Only the 50% indomethacin 

prepared by solvent evaporation exhibits crystalline peaks. 
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Figure 5.  Thermograms for indomethacin. Extrusion samples are displayed in 

the upper box with solvent evaporated controls in the lower panel. Samples of 

PVP K12, 10%, 20%, 30%, 40%, and 50% drug loads are in ascending order.   
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The PXRD results for acetaminophen are presented in Figure 6.  Neither the 

syringe method or the solvent evaporation controls have evidence of crystallinity, 

inidcating that the drug remains amorphous in all samples.  

DSC thermograms for acetaminophen are illustrated in Figure 7.  Both the 

syringe extrusion samples and the solvent evaporation controls lack endothermic 

events near acetaminophen’s melting point of 169-170 °C.  These results agree 

with the PXRD diffractograms.  Acetaminophen remains amorphous in all of the 

samples produced in this study. 

The acetaminophen results in this study closely match those of Nair et al. (55). 

This group used acetaminophen-PVP solutions to cast thin film dispersions.  

PXRD, DSC, and Fourier transform infrared spectroscopy all indicate 

acetaminophen is amorphous in PVP at drug loads of 10%, 20%, 30%, 40%, and 

50%.  This study did  use PVP K90, a grade of PVP with a higher glass transition 

temperature than the PVP K12 used in our study.  The higher Tg of PVP K90 

allows less drug mobility through the films (56).  Nair’s dispersions probably have 

better stability than those produced in this study.  However, the results presented 

in our study and Nair’s are similar. 
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Figure 6.  Diffractograms for Acetaminophen. Samples of acetaminophen 

prepared by syringe extrusion and solvent evaporation lack diffraction peaks, 

indicating acetaminophen is amorphous in all samples. 
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Figure 7. Thermograms for acetaminophen. Samples confirm a lack of crystalline 

material in the samples.  Acetaminophen remains amorphous at all drug loads. 
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Figure 8 shows the PXRD results for griseofulvin.  Every sample manufactured 

by the syringe method and by solvent evaporation exhibits diffraction peaks.  

There is crystalline drug in every sample.  It should be noted that the syringe 

extrusion samples, shown in the top panel, have much smaller diffraction peaks 

than samples prepared by evaporation, displayed in the lower panel. 

The thermograms for griseofulvin are illustrated in Figure 9.  As in the 

diffractograms from Figure 8, the syringe method samples have much less 

crystallinity than the solvent evaporation samples.  The 10% syringe sample has 

an endotherm that is barely noticeable, and matches the small diffraction peaks 

seen in the PXRD diffractograms.  The 10% syringe sample has much less 

crystallinity than any of the other samples.  

Numerous griseofulvin dispersions have been produced since 1966 (57).  

Vasanthavada et al. reported that 10%, 20%, and 30% drug loads in PVP K29/32 

are miscible when prepared by solvent evaporation from dichloromethane in a 

rotary evaporator (58).  This group was unable to produce amorphous 

griseofulvin-PVP dispersions at 40% and 50% drug loads.  Vasanthavada stored 

the 10%, 20%, and 30% dispersions at 40°C/69%RH.  After nine days, complete 

separation of drug and PVP was observed by modulated DSC.  The instability of 

griseofulvin-PVP dispersions is also seen in the work of Nair et al. (55).  Nair’s 

group produced thin films that contained 10%, 20%, 30%, 40%, and 50% 
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griseofulvin in PVP K90.  All of their samples contained crystalline drug.  These 

results match those presented in the current paper. 
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Figure 8.  Diffractograms of griseofulvin.  Samples exhibit significant crytallinity at 

all drug loads by both microextrusion and solvent evaporation.  
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Figure 9.  Thermograms of griseofulvin.  Samples indicate melting events in all 

samples.  Notice that the melting endotherms of the syringe extruded samples 

are much smaller than those of the solvent evaporated samples. 
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Figure 10 displays the PXRD results for the salicylamide samples.  Both the 

solvent evaporation and the syringe extrusion samples demonstrate clear 

crystallinity in the 50% samples.  The 40% samples are less clear.  Both 40% 

samples have small peaks and would normally not be indicative of crystallinity.  

However, the small peaks closely correspond to the larger peaks in the 50% 

samples.  Therefore, a small amount of crystallinity may be present in the 40% 

samples produced by both manufacturing methods. 

The DSC results for the salicylamide samples are displayed in Figure 11.  The 

50% samples for both syringe extrusion and solvent evaporation contain 

endotherms that indicate crystalline material is present.  The 50% drug loaded 

syringe extrusion sample has a much smaller endotherm than the 50% sample 

produced by solvent evaporation.  The extrusion thermograms do not show an 

endotherm in the 40% sample.  However, the solvent evaporation method does 

exhibit an endotherm at the 40% drug load.   

The results of this study nearly match those of Nair et al. (55). The thin fims of 

salicylamide produced by their group demonstrated crystalline salicylamide 

remained amorphous at 40% drug loads.  However, the 50% drug loads 

exhibited diffraction peaks when analyzed by PXRD.   
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Figure 10.  Diffractograms of Salicylamide.  PXRD analysis of salicylamide 

samples indicate crystalline material is present in the 50% drug loaded samples 

prepared by both methods.   
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Figure 11.  Thermograms of salicylamide. Dispersions prepared by syringe 

extrusion and solvent evaporation confirm crystalline material is present at 50% 

drug loads.  The lower panel indicates some crystallinity may be present in the 

40% sample prepared by solvent evaporation.  
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The diffractograms for the sulfamethoxazole samples are shown in Figure 12.  

The syringe extruded samples do not show crystalline peaks at any drug load.  

The solvent evaporated samples demonstrate clear cystalline peaks in the 50% 

drug loads.  The 40% solvent evaporated dispersions have three slight diffraction 

peaks, signalling a small amount of crystalline drug is in the 40% samples. 

The DSC thermograms for sulfamethoxazole are presented in Figure 13.  The 

syringe dispersions do not have melting endotherms in any of the samples for the 

syringe extuded materials.  The DSC results match the PXRD study, confirming 

that sulfamethoxazole remains amorphous at all drug loads when manufactured 

by the syringe method.  The 50% solvent evaporated sample has a sizable 

endotherm matching the PXRD diffractogram.  The 40% solvent evaporated 

control material does not exhibit an endotherm near sulfamethoxazole’s melting 

point.  The results for the 40% samples are contradictory.  However, when one 

considers the modest height of the difraction peaks, the difference in the two 

analyses is not surprising.  Each DSC sample analyzes approximately 5 mg of 

powder, while the PXRD samples weighed approximately 150 mg.  A random 

sample of the powder for the DSC may have missed some of the crystals 

detected by the PXRD.  Another possible difference in the two techniques, is that 

the small amount of crystalline drug in the 40% sample was able to solubolize in 

the PVP as the the material was heated for DSC analysis. 
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Figure 12.  Diffractograms of sulfamethoxazole. The diffractograms do not 

provide evidence of crystalline drug in the syringe extruded sample.  Solvent 

evaporation samples demonstrate notable peaks at 50% drug loading.  A few 

small diffraction peaks may be present in the 40% solvent evaporated sample.  
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Figure 13.  Thermograms of sulfamethoxazole. Samples do not show an 

endothermic event near the drug’s melting point in the syringe extruded samples.  

However, DSC thermograms confirm melting material is present at the 50% drug 

load for solvent evaporated controls.  
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A results summary table (Table 1.) is presented on the next page.  

Acetaminophen formed the most stable dispersions in this study.  

Acetaminophen remains amorphous at all drug levels produced by both the 

syringe method and the solvent evaporation procedure.  Griseofulvin was the 

worst dispersion-forming material used in this investigation.  However, the 

syringe extruded samples have smaller diffraction peaks and smaller endotherms 

than the solvent evaporated controls.  Indomethacin and sulfamethoxazole 

samples do not show crystallinity when produced by syringe extrusion.  The 50%  

indomethacin samples prepared by solvent evaporation display crystallinity by 

both PXRD and DSC.  Sulfamethoxazole analysis by PXRD indicated the 40% 

samples prepared by solvent evaporation contained crytalline drug.  Similar to 

indomethacin and sulfamethoxazole, the 50% drug load of salicyalmide displayed 

crystallinity by both PXRD and DSC.  The solvent evaporation samples of 

salicylamide exhibited a small degree of crystallinity upon DSC analysis at the 

40% drug load. 
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Table 1.  Summary table of results for syringe and solvent evaporation of 5 drugs 

in PVP K12. 

Drug 
Name 

% 
Drug 

Crystallinity Evident in 
DSC Endotherm 

Crystallinity Evident in 
PXRD Diffractogram 

  Melt 
Extrusion 

Solvent 
Evaporation 

Melt 
Extrusion 

Solvent 
Evaporation 

Acetaminophen 
 

10 No No No No 

 20 No No No No 

 30 No No No No 

 40 No No No No 

 50 No No No No 

Griseofulvin 10 Yes Yes Yes Yes 

 20 Yes Yes Yes Yes 

 30 Yes Yes Yes Yes 

 40 Yes Yes Yes Yes 

 50 Yes Yes Yes Yes 

Indomethacin 10 No No No No 

 20 No No No No 

 30 No No No No 

 40 No No No No 

 50 No Yes No Yes 

Salicylamide 10 No No No No 

 20 No No No No 

 30 No No No No 

 40 No No No Yes 

 50 Yes Yes Yes Yes 

Sulfamethoxazole 10 No No No No 

 20 No No No No 

 30 No No No No 

 40 No Yes No No 

 50 No Yes No Yes 
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2.7 Conclusions 

The experiments illustrated in this paper have demonstrated that five different 

drugs may be blended with polyvinylpyrrolidone K12 and extruded in disposable 

syringes to produce solid dispersions.  The resulting dispersions have similar 

DSC and PXRD results to those produced by solvent evaporated controls.  When 

the results differ between the two methods, the syringe extrusion procedure 

produces greater drug solubility in PVP. 

The syringe method also requires much less time to produce drug dispersions.  

Each sample requires a few minutes to weigh the materials, one minute to blend 

the powder, 5 minutes to heat the syringe, and approximately 30 seconds to 

clean the syringe and extrude the dispersion.  Milling the material for analysis 

with a mortar and pestle takes another few minutes.  The total time to produce 

each sample is approximately ten minutes.   

The rapid preparation time of the syringe extrusion method is in great contrast 

with the long lead time for solvent evaporated samples.  The method utilized in 

the present study required 2 weeks of drying time to completely remove 

methanol from the polymer-drug blends.  A rotary evaporator and a heated 

vacuum dryer will most-likely reduce the preparation time to one to two days. 

Preparation time is increased if one considers the delays to wash equipment.  

Flasks for a rotary evaporator need to be scraped of the sample and cleaned 

between runs.  The screws and heating chambers of an extruder also need to be 
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cleaned on a regular basis.  The syringe extrusion method used here, utilizes 

disposable syringes, eliminating the time needed for cleaning. 

Another significant attribute of the syringe method is the limited amount of 

material needed to make dispersions.  The smallest twin screw extruders 

available for early development work generally require 5-10 grams of material per 

batch run.  This much drug may not be available early in the drug development 

process or to an academic researcher.  Each sample in this study weighed 250 

milligrams, dramatically reducing the amount of drug used in the investigation.  

Overall, the syringe extrusion procedure is an economical and time saving option 

for formulation feasibility studies. 
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Chapter 3.  Extrusion of solid dispersions with glass syringes 

3.1 Introduction 

The use of plastic syringes for the production of solid dispersions was 

demonstrated in the previous chapter of this dissertation.  Five different drugs 

were dispersed in polyvinylpyrrolidone by solvent evaporation and syringe 

extrusion.  The syringe method produced dispersions which were comparable to 

the solvent evaporated controls.  If differences in drug loading were present, the 

syringe extruded samples had higher percentages of drug maintained in the 

amorphous form.  The syringe extrusion technique was shown to be a rapid, 

inexpensive, and material sparing method for the production of small exploratory 

studies of solid dispersions. 

The primary challenge with plastic syringes is that they soften and eventually 

lose their ability to extrude dispersions when the syringes are heated to high 

temperatures.  The Becton-Dickinson syringes utilized in our lab become too soft 

for use near 165°C.  Therefore, only polymers with low melting points, low glass 

transition temperatures and low melt viscosities are suitable for use with plastic 

syringes.  These include polyethylene glycols, poloxamers, and low molecular 

weight polyvinylpyrrolidone.  PVP K12 has a glass transition temperature of 90°C 

and a recommended processing range of 140-160°C.  This range is just below 

the 165°C where the plastic syringes soften and lose their shape. 

The BASF Corporation manufactures ten different polymers recommended for 

use in hot-melt extrusion.  Nine of these polymers have suggested processing 
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ranges that exceed the 165°C limit for extrusion in plastic syringes (51).  These 

include higher molecular weight grades of PVP, as well as various copolymers of 

PVP, polyvinyl alcohols, polyvinyl acetates, and methacrylic acids. 

Preliminary studies utilizing steel and glass syringes as high temperature 

substitutes for plastic syringes were made.  The steel syringes utilize a rubber or 

Teflon washer to provide gas-tight seal for the injected solution.  Ordinarily this 

gas-tight seal eliminates the risk of injecting air into a patient causing an 

embolism.  However, the rubber and Teflon were both prone to melting at high 

temperatures.  The stainless steel syringes are also made up of four or five parts 

that are soldered together.  Most soldering alloys melt near 200°C and this was 

the case with the steel syringes.  These temperatures are within the working 

temperature range of a few polymers and below the melting point of many low 

solubility drugs.  Therefore, the steel syringes were not appropriate to use in hot-

melt extrusion.    

Glass syringes also have a few drawbacks to their use in extrusion.  Glass 

syringes maintain a gas-tight seal by having a very small clearance between the 

plunger and the internal walls of the syringe.  High temperatures cause the glass 

to expand and the plungers will not fit in the syringe bodies.  If the plungers are 

ground with an abrasive disk, they will fit in the syringe when heated.  However, if 

the plungers are too narrow, the polymers will squeeze between the plunger and 

the syringe wall upon heating, which results in binding the plunger inside the 
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syringe.  Grinding 0.25-0.5 millimeters from the plunger is an appropriate size 

reduction. 

Glass syringes have one more problem.  The internal diameter of the syringe tip 

is much smaller than the plastic syringes.  Viscous polymers cannot be extruded 

out of an unmodified syringe.  Widening the internal diameter of the tip to 1 

millimeter with a drill bit designed for glass allows extrusion to occur.  

3.2 Methods 

3.2.1 Drug Selection 

The drugs selected for hot-melt extrusion through glass syringes are 

indomethacin and sulfamethoxazole.  These compounds were selected for their 

diverse physical properties.  These drugs are aromatic and detectable by HPLC.  

Both compounds have low solubilities, so performing dissolution analysis will not 

require significant amounts of material.  Indomethacin and sulfamethoxazole are 

both soluble up to 50% drug loads when melt extruded in PVP K12.  

Indomethacin readily forms glasses and has a Tg near 40°C.  Sulfamethoxazole 

is not known to have a glass transition temperature.  A summary of both drugs’ 

properties is given in Figure 14. 
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 Indomethacin     Sulfamethoxazole 

 Melting Point = 155°C    Melting Point = 167°C 

 Tg = 42°C      Tg = Not Available  

 Log P = 4.251     Log P = 0.659 

 Sol. at pH=1, 0.006 g/mL    Sol. at pH=1, 2.4 mg/mL 

 

Figure 14.  Physical properties of indomethacin and sulfamethoxazole. 

 

3.2.2 Polymer Selection 

Two polymers selected for this study were Soluplus and polyvinylpyrrolidone 

K17.  PVP K17 was chosen primarily for its rapid dissolution time and similarities 

to PVP K12 utilized in Chapter 2.  Soluplus is utilized as an immediate release 

polymer and is known to increase the solubility of many drugs (59-62). 

PVP K17 is the next higher grade of PVP than the PVP K12.  PVP K17 is a 

homopolymer with a molecular weight of 9000 grams per mole and a chain 

length of approximately 80 monomers.  PVP K17 polymer strands are 3 ½ times 

longer than PVP K12 chains.  The glass transition temperatures and processing 
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ranges of PVP K17 increase accordingly.  The Tg of PVP K17 is 138°C, almost 

50°C higher than PVP K12.  PVP K17 reaches optimal melt viscosities for hot-

melt extrusion between 180-200°C.   

Soluplus is a newer polymer designed specifically for hot-melt extrusion.  

Soluplus is a tri-block co-polymer composed of polyvinyl caprolactam, polyvinyl 

acetate and polyethylene glycol in 57:30:13 corresponding ratios of monomer 

units.  The hydrophobic caprolactam rings and the more hydrophilic vinyl acetate 

side chains enable Soluplus to form polymeric micelles in solution.  Hydrophobic 

drugs are expected have to greater solubility in Soluplus than other polymer 

systems.  The polymer has a low Tg of 70°C.  However, the material is quite 

viscous at this temperature and BASF recommends processing the material 

between 170-220°C.  The polymer degrades at 250°C.   
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Figure 15. Molecular structure of Soluplus and polyvinylpyrrolidone. 

 

3.2.3 Sample Preparation 

Drug dispersion samples were prepared in 20%, 40%, 60%, and 80% drug loads 

with a complementary weight of Soluplus or PVP K17.  Polymer and drug 

controls were also prepared.  All samples were prepared in duplicate.  Powder 

blends were weighed into 4 mL glass scintillation vials and vortexed for 1 minute 

to mix.  The powders were transferred to folded weigh paper and subsequently 

poured into a glass syringe.  The syringes were capped with bent stainless steel 

needles.  Syringe plungers, which had been heated in the oven prior to use, were 

inserted into the syringes.  The syringes were inserted into a sand bath 
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maintained at approximately 225°C.  Heating occurred for 3 minutes, at which 

time the plungers were pressed to compact the dispersion material.  After 

another 2 minutes of heating, the syringes were removed and wiped free of sand.  

Extrudates were collected in clean 4 mL glass scintillation vials. Extrudates were 

milled to fine powders using a stainless steel rod in each of their respective vials. 

Indomethacin and sulfamethoxazole samples that were prepared as stated 

above, appeared crystalline immediately after extrusion.  Therefore, samples 

were prepared a second time and extruded into vials chilled in an acetone-dry ice 

bath.  Indomethacin appeared glass-like upon extrusion with a faint yellow color.  

Sulfamethoxazole appeared to be crystalline after extrusion. 

3.3 Analytical Testing 

3.3.1 Powder X-ray Diffraction 

Powder x-ray diffraction analysis was performed on the same equipment and 

under similar conditions as the samples extruded through plastic syringes 

discussed in chapter two.  A few minor changes were made to reduce the 

analysis time for each sample.  The Philips X-Celerator detector replaced the 

PW3011/20 Miniprop large window detector.  Samples were analyzed from 5-75° 

2Ɵ.  The time per step was reduced to 0.55 seconds and resulted in a total run 

time of 32 minutes and 8 seconds per sample. 

3.3.2 Modulated Differential Scanning Calorimetry 

A TA Instruments Q1000 was utilized for all DSC runs.  The apparatus was 

calibrated with sapphire disks provided by the manufacturer and indium powder 
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from Sigma-Aldrich.  A nitrogen purge of the DSC chamber was maintained at a 

40 millimeter per minute flow rate.  Aluminum hermetic pans and caps were 

weighed on a Mettler-Toledo balance.  Four to six milligrams of each sample 

were measured into the pans.  The pans were capped, hermetically sealed, and 

punctured with a needle to provide a pinhole vent. 

Samples were held isothermal at 35°C for 5 minutes to allow for equilibration.  

They were then heated at 10°C per minute until they reached 110°C.  Samples 

were held isothermally at 110°C for 10 minutes to allow any water in the samples 

to evaporate.  The DSC pans were cooled at 20°C a minute until -50°C was 

reached.  The modulated signal was activated at ±0.50°C every 60 seconds. 

Samples were held isothermally for 5 minutes to allow for temperature 

equilibration.  The samples were heated at 20°C per minute until they reached 

250°C. 

3.3.3 Dissolution Testing 

Fine powders of the extrudates underwent dissolution testing in a dose-relevant 

solution in two milliliter centrifuge tubes.  The highest generally prescribed dose 

of sulfamethoxazole is 800 mg. 800 mg of drug dissolved in 250 mL of disolution 

media results in a 3.2 mg/mL solution.  Therefore, the equivalent of 6.4 mg of 

drug will be measured into each 2 mL centrifuge tube.  The amount of material 

analyzed was adjusted for the drug load of each solid dispersion.  For instance, a 

6.4 mg weight equivalent of 20% sulfamethoxazole solid dispersion is 6.4 mg 

divided by 20% or 32 mg of dispersion powder needed for dissolution analysis. 
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For sulfamethoxazole, each powder was weighed into 2 mL centrifuge tubes as 

indicated.  Dissolution media consisted of 0.1 N HCl solution warmed to 37°C in 

an incubator.  2 mL of media were added to each tube.  Samples were placed on 

a vortex mixer for 1 minute and then spun in a centrifuge for 5 minutes at a force 

of 13,000 g.  A volumetric pipet was used to withdraw 0.025 mL of supernatant.  

The solution was placed in an HPLC vial and diluted with 0.600 mL of mobile 

phase for a total dilution factor of 25:1.  The centrifuge tubes were vortexed for 

another minute to break-up any precipitant.  The samples were placed in a 37°C 

incubator and tumbled on a rotary mixer.  Dissolution were taken at the initial 

timepoint, 30 minutes, 1 hour, 2 hours, and 4 hours. 

Indomethacin was also analyzed by a dose equivalent manner.  The highest 

dose of indomethacin is 50 milligrams.  A 50 mg dose dissolved in 250 milliliters 

of media equates to a 0.2 mg/mL of indomethacin in solution, if complete 

dissolution is achieved.  To achieve a 0.2 mg/mL solution in 2 mL of solution, a 

0.4 mg equilavent of drug is needed in each centrifuge tube.  Indomethacin 

samples were also adjusted for the percentage of drug in each dispersion. 

Due to the low solubility of indomethacin in 0.1 Normal HCl, dissolution 

supernatant was not diluted prior to HPLC analysis.  Therefore, individual 

centrifuge tubes were prepared for each dispersion and drug control at each 

timepoint.   

Analysis occurred on a Agilent 1100 HPLC equipped with Chemstation software.  

The mobile phase was 64.5% Acetonitrile, 34.5% water, and 1% (v/v) 
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tetrafluoroacetic acid.  The injection volume was 10 µL and the flow rate was 1.0 

mL minute.  The column was an Apollo C18 5u brand column from W. R. Grace 

and Company.  The column was 150 mm long with an internal diameter of 4.6 

mm.  The column temperature was controlled at 25°C.  Sulfamethoxazole and 

indomethacin were both analyzed at a wavelength of 260 nm.  Sulfamethoxazole 

had a retention time of 2-3 minutes, while indomethacin’s was 4-5 minutes.  

Calibration curves were prepared from 1 µg/mL to 250 µg/mL for both drugs. 

3.4 Results and Discussion 

The PXRD results for indomethacin-PVP K17 dispersions are displayed in the 

top panel of Figure 14.  Indomethacin remains amorphous at 20%, 40%, and 

60% drug loads.  Diffraction peaks from crystalline material are present in the 

80% drug load, the extruded indomethacin and the crystalline indomethacin 

control.   

Indomethacin-PVP K17 analysis by DSC is exhibited in the lower panel of Figure 

14.  DSC investigation confirms that the crystalline control, extruded 

indomethacin, and 80% drug load demonstrate a melting endotherm near 160°C.  

The 20%, 40%, and 60% drug loads lack an endotherm indicating that the 

samples remained amorphous. 

Comparing the PXRD and DSC results for indomethacin illustrates the 

amorphous nature of the extruded indomethacin.  Visual inspection of the 

extrudate described the extruded indomethacin and a pale yellow glass-like 

material.  The PXRD results exhibit small diffraction peaks, indicating the 



64 
 

presence of a small amount of crystalline material in the sample.  The DSC 

results exhibit a melting endotherm that nearly match the crystalline control, 

although a small Tg occurs near 40°C in the extruded sample.  The DSC 

thermogram shown here presents the second heating cycle of the samples.  The 

first heating occurred to remove any water from the samples.  During the first  

cycle, extruded indomethacin presents a large endothermic Tg followed by an 

exothermic transition, indicating amorphous material is crystallizing. 

Charts for the dissolution of indomethacin-PVP blends are presented in Figure 

15.  The curve for 20% indomethacin extrudate powder shows a rapid dissolution 

rate in 0.1N HCl solution.  The supersaturated solution quickly precipitates and 

reaches the intrinsic solubility of the drug at the 4 hour time point.  The 

amorphous indomethacin samples reach solubilities of 0.008 mg/mL, a 33% 

increase over the crystalline material. 
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Figure 16.  Diffractograms and thermograms of Indomethacin-PVP K17 

dispersions.  The bottom diffractogram and thermogram represent the PVP K17 

control, followed by 20%, 40%, 60%, and 80% drug loaded samples, extruded 

indomethacin, and indomethacin crystals in ascending order.  Indomethacin 

dispersion samples exhibit crystallinity at the 80% drug load. 
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Figure 17.  Dissolution of Indomethacin-PVP K17.  The 20% indomethacin blend 

exhibits the fastest dissolution rate, reaches complete dissolution of the drug, 

and then precipitates.  Crystalline indomethacin has the slowest dissolution rate.  

All samples near the intrinsic solubility of indomethacin of 0.006 mg/mL after 4 

hours.  
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PXRD diffractograms for indomethacin in Soluplus are exhibited in Figure 18.  

The 80% drug load shows clear diffractogram peaks, indicating the presence of 

crystalline material.  The 60% drug load has a small peak showing some crystals 

may be present.  This small peak in the 60% drug loaded sample is confirmed by 

a small endotherm in the DSC results panel.  The 80% drug load shows a clear 

melting event with DSC analysis.  

The dissolution results demonstrate that Soluplus aids the solubility of 

indomethacin at the lower drug loads.  The 20% sample has a maximum 

solubility of 0.024 mg/mL.  This is four times the solubility of indomethacin in 0.1 

N HCl solutions.  As drug loads increase, dissolution rate and solubility 

enhancement decrease. 

The results presented here correspond well with those of Low et al (63).  They 

prepared 25% and 75% indomethacin thin films with a twin screw extruder.  Both 

drug loads remained amorphous for DSC and PXRD testing.  The greater 

agitation of the extruder most likely accounts for the improvement in solid state 

stability.  Their dissolution results closely match those of this study.  The Low 

group dissolved 25 mg films in 900 mL of water.  Total dissolution after a 1 hour 

run was approximately 0.01 mg/mL for the 25% drug load and 0.008 mg/mL for 

the 75% drug load.    
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Figure 18.  Diffractograms and thermograms of indomethacin in Soluplus.  Note 

the small diffraction peak and slight endothermic event in the 60% sample of 

indomethacin.  The 80% drug loaded dispersion displays clear signs of 

crystallinity. 
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Figure19.  Dissolution of indomethacin-Soluplus.  The 20% sample shows rapid 

dissolution rates and approximately a 4-fold increase in solubility of 

indomethacin. 
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Thermograms and diffractograms for sulfamethoxazole in PVP K17 are shown in 

Figure 20.  Both the crystalline control and the extruded pure drug control 

demonstrate crystallinity.  The 80% drug load shows diffraction peaks, as well.  

The lower drug loads of 20%, 40%, and 60% do not show crystallinity.  Diffraction 

results are confirmed by the DSC thermograms. 

Dissolution analysis shows that PVP dispersions have a small effect on 

sulfamethoxazole dissolution rate and solubility.  Each of the amorphous drug 

loads shows higher solubility than the crystalline control.  The 20% drug load 

maintains a sulfamethoxazole solubility of 3.2 mg/mL.  The solubility of the 

crystalline control is 2.7 mg/mL.  The 20% drug load has an 18.5% increase in 

drug solubility. 
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Figure 20.  Diffractograms and thermograms of sulfamethoxazole in PVP K17.  

The 80% drug load and the two drug controls exhibit crystallinity. The 20%, 40%, 

and 60% drug loads remain amorphous. 

  



72 
 

 

 

 

 

 

 

 

 

 

Figure 21. Dissolution of Sulfamethoxazole in PVP-K17 extrudates. The 20% 

sulfamethoxazole blend has the fastest dissolution rate.  The solubility of 

Sulfamethoxazole at pH=2.4 mg/mL. 
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The diffractograms and thermograms for sulfamethoxazole and soluplus differ 

slightly in figure 22.  The 20%, 40%, and 60% drug loads do not have diffraction 

peaks.  The 80% drug load and the 2 controls all show crystallinity in the 

diffractograms.  The thermograms, however, show that the 60% drug load has a 

sizable melting endotherm. 

The dissolution profiles for sulfamethoxazole in Soluplus indicate 

sulfamethoxazole does not increase solubility in the presence of the polymer.  In 

fact, the polymer decreases the drug’s solubility.  During dissolution sample 

preparation, noticeable pellets were produced after centrifugation.  It appears the 

polymer and drug are co-precipitating. 

There are no reports of sulfamethoxazole dispersions in Soluplus.  A paper by 

Caron et al. prepared dispersions with 4 sulfonamide antibiotics.  Each of the 

drugs formed dispersions with high drug loads.  However, dissolution was not 

measured (64). 
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Figure 22.  Diffractograms and thermograms of sulfamethoxazole and Soluplus.  

The thermograms and diffractograms differ slightly in this panel.  The 60% 

sample appears amorphous by PXRD analysis, but a melting endotherm is 

clearly present. 
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Figure 23.  Dissolution of sulfamethoxazole and Soluplus.  Soluplus does not aid 

sulfamethoxazole dissolution. 
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3.5 Conclusions 

Glass syringes have been used to successfully incorporate indomethacin and 

sulfamethoxazole in two polymers with high processing ranges.  All four of these 

dispersions remained amorphous at high drug loads.  PVP K17 and Soluplus 

increased indomethacin’s dissolution rate and increased the drug’s solubility.  

PVP K17 slightly increased the dissolution rate and solubility of 20% and 40% 

sulfamethoxazole samples.  Sulfamethoxazole was not successfully solubolized 

by Soluplus. 

There are two primary differences between the use of glass and plastic syringes.  

Glass syringes need to be cleaned for re-use.  Dropping the syringes in abeaker 

of hot water or methanol was usually effective. 

The benefits of the syringe method are significant. It is a rapid way to make 

disersions as samples take 10 minutes to prepare.  The procedure only uses 250 

mg of total blend to gain knowledge of diffraction, thermal sensitivity, and 

dissolution and solubility.   
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