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ABSTRACT
The objective of this work was to study effects of different formulation (dual surfactants,
surfactant structure), and processing factors on different formulation parameters of ethyl
cellulose microspheres fabricated by a non-aqueous emulsion solvent evaporation method. Ethyl
cellulose microspheres containing theophylline were prepared at different combined hydrophilic
lipophilic balance (CHLB) by using different dual surfactants combinations of high HLB (Tween
40, Brij 58) and low HLB (Span 65) surfactants in an emulsion-solvent evaporation process. The
external phase used was light mineral oil and the internal phase was acetone. Individual and
combination effects of combined hydrophilic lipophilic balance (CHLBSs) of dual surfactants;
surfactant structures, different preparation temperatuf€(&2d 35C) on microsphere
properties like yield, particle size distribution, geometric mean diameters, initial drug release,

and drug release characteristic of the microspheres were evaluated. With an increase in CHLB of



the dual surfactant combination of span 65+Tweeng0noted decrease in the geometric mean
diameter, and an increase in the dissolution naderatial drug release. When surfactants with
similar or closely matching HLB values but withfdifent chemical-structure including
polyoxyethelene sorbitan monopalmitate with HLBGL%nd polyoxyethylene cetyl ether with
HLB 15.7 were studied, we noted decrease in thengaic mean diameter, increase in the
dissolution rate and initial drug release of mipteares. With increasing microsphere
preparation temperature from®2to 38C, geometric mean diameter of microspheres
decreased, the particle size distribution wideti®el sphericity of microspheres was improved,
and the % drug loading, the initial drug releade,rthe t50 release time increased. By changing
the surfactant structure from polyoxyethelene ¢arbmonopalmitate to polyoxyethylene cetyl
ether in combination with microsphere preparatempgerature, percent drug loading and drug
release was altered, and drug release mechanisraffeated with some microsphere batches

showing near zero-order release.

INDEX WORDS: Microspheres, surfactants, non-aquesmligent evaporation, ethyl
cellulose, theophyllinan vitro dissolution, particle size, drug loading.
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CHAPTER 1

INTRODUCTION

Controlled release dosage forms have many advantage conventional dosage forms because
they allow a more convenient dose regimen resultingetter patient compliancé€. Their
controlled release properties provide more consisitood levels and reduced toxic effetts
Controlled release dosage forms improve long tdrrorac disease management by therapeutic
and non-therapeutic objectives. Therapeutic ohjestinclude: improvement of patient
compliance by reducing dosing frequency, minimidimgal and systemic side effects, and
reducing fluctuation of drug blood levelsNon-therapeutic objectives include reduced
hospitalization, fewer physician visits, taste magkodor masking, separation of incompatible
components, financial saving to the patient in geohlost workdays and overall economy of
patient’s time. The benefits of controlled-releteehnology are currently being expanded with
the advent of genetic engineering techniques. fesalt, more remarkable progress should be
seen within the next decade. The advanced unddistaaf drug delivery mechanisms will
decrease adverse effects and increase drug effipatignt safety and convenience.
Microencapsulation has been recognized as antietfanethod to achieve controlled
release of drug formulatioris. After oral administration, microcapsules are oftistributed
throughout the Gl tract. The wide distribution putally improves drug absorption and may
reduce local irritation to the mucosa of the Géttfa Different methods of microencapsulation
are grouped under two basic categories — 1) Mechband 2) Physiochemical. Mechanical
microencapsulation methods are pan coating, apesisson, multi-orifice centrifugal technique,

and modified spray drying techniques. Physiochehmegthods include coacervation, phase



separation, emulsion-solvent evaporation, both aggi@and non-aqueous. The method chosen
depends on the physical characteristics of the tirdog encapsulated such as solubility, stability,
therapeutic index and chemical structure.

Emulsion-solvent evaporation is a widely used metto prepare matrix microsphefes
There are several advantages of non-aqueous emgisieent evaporation over other methods.
In the non-aqueous emulsion solvent evaporatiomoggtpH adjustment is not required, the
process can be carried out at low or moderate teahpe, and reactive agents are not required
48 Microspheres are matrix systems in which the agnatecules are dispersed throughout the
particles’. The formulation and properties of microspheresadfected by processing factors
such as type and molecular weight of the polymeug gharticle size, drug: polymer ratio and
solubility of the drug in polymer®. The important processing factors for microspherepared
by the non-aqueous emulsion solvent evaporatiohodedre phase ratio, mixing intensity,
temperature during processing and viscosity of pelyand external phasg¥. Surfactants,
which are emulsifying agents, play a major rol@iamoting the stability of the emulsion for
preparation of controlled release of microsphé&tés The characteristics of the surfactant and
its uses are determined by its unique hydrophiid lgpophilic nature, quantitatively described
by the hydrophilic-lipophilic balance (HLB) valtie

The aims of the current research are to investithee influence of a formulation factor
‘dual surfactants’ on the controlled release of/etiellulose microspheres prepared by the non-
aqueous emulsion solvent evaporation process.\Wanik investigates the influence of type,
concentration, and structure of the differing noni¢ surfactants (Tween 40, Brij 58 and Span
65) on the physical and drug release charactegistiethyl cellulose microspheres containing

model drug theophylline. This work also investigatiee effects of a processing factor such as



temperature on different formulation parameterstbfl cellulose microspheres prepared using
dual surfactants. Tweens and Spans are high HLBcanéiLB non-ionic surfactants

respectively. Brij 58 is a high HLB surfactant likeveen 40 but with a different chemical
structure. Microspheres will be prepared with diffg ratios of Span 65 and Tween 40 in one
differing ratios of Span 65 and Brij 58 to examthe effect of HLB value and chemical

structure. Theophylline will be used as a modebdas it has a short elimination half-life (3.5hrs
for children and 5-8hrs for adults) in humans aadde sustained release formulation is desirable
*. It is widely used in treatment and prophylaxidbodnchial asthm&'. It has low water

solubility (8 mg/mL at 25°C), and has a narrow #psutic indeX** Physical properties such as
particle size distribution, geometric mean diametesid, drug loading anth vitro drug-release

behavior of the resultant microspheres etc. wdbdle examined.
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CHAPTER 2
LITERATURE REVIEW
Part I: Non-immediate Drug Release
The objective of any drug delivery system is toyie a therapeutic amount of the drug
to the proper site in the body to achieve and raairthe desired therapeutic drug concentration
13 Development of such drug delivery system caaseomplex as the development of the

drug itself*®

. An appropriately designed non-immediate releasg delivery system can be a
major advance toward solving problems concerniegaingeting of a drug to a specific organ or
tissue and controlling the rate of drug deliverytte target tissue. Non-immediate release
delivery systems can be classified into followirgegjories:

a) Delayed release: It utilizes repetitive, intermittent dosing of eud from one or more
immediate release units incorporated into singkade form. A delayed release dosage
form does not produce or maintain uniform drug kltevels within the therapeutic
range; however it is more effective than the cotiomal dosage forms®.

b) Sustained release: This type of delivery system achieves slow redeafsdrug over an
extended period of tinfé. These dosage forms are further classified infoviing sub
categories:

i) Controlled release: Where drug is released slowgr an extended period of time by
maintaining constant drug levels in blood or tatigsué®,

i) Prolonged releas&Vhere drug is releases slowly over an extendedgef time but

it is unsuccessful at maintaining a constant devgls in blood or target tisstie



c) Site specificrelease: The drug is targeted directly to certain biol@jilocation, where
the target is certain tissue or orgah This system satisfies the spatial aspect of drug
delivery*®.

d) Receptor release: The drug is targeted directly to certain biol@ilocation, where the
target is a particular receptor for a specific dwithin an organ or tissue™®. This system
satisfies the spatial aspect of drug deliv@ry
The objective in designing a sustained-releaseesyss to deliver the drug at a rate

necessary to achieve and maintain a constant hatiafblood level of the drul

Oral Controlled Release Solid Dosage Forms:

Controlled release solid oral dosage forms haes édely used for decad&s*?
Among all the routes of drug administration, thal@oute has been the most popular route of
drug delivery due to its ease of administrationiigpece compliance, low sterility constraints and
flexible design of dosage form§ Oral routes of the drug administration have bmest widely
and successfully used compared to any other rdutrig administratiort®. It enables drugs to
be administered more comfortably while at the sime provides a sustained and reproducible
method of drug releasé Controlled-release technology has evolved wittrix&chnology.
Many researchers in the 1950s and 1960s reporguesimatrix tablets or monolithic granules
1 1n 1952, Smith Kline & French introduced a timedease formulation known as Spansule
that called for a widespread search for other apfitins in the design of the dosage fofmgt
that time, the objective behind the developmerdraf controlled-release formulations was the
achievement of a constant release rate of thepperhdrug®. Using the same concept, the zero-

order osmotic delivery system used in Procardidb¥tame one of the top 10 bestselling



medicines in the past centufy Procardia XL is used for treating hypertensiod angina and
total brand sales for both strengths was $299.flomiUSD*. In recent years, the industry has
seen a number of innovative oral controlled-relahssage forms patented at a rapid pace using

different technologies.

Research in Controlled Release Dosage for m:

Controlled release may be defined as a technigae approach by which the chemical
entity is made available to the specific targed edite and duration design to accomplish an
intended therapeutic effett The future of controlled-release products is gsimg. There are
reports that more than 76 of the 100 top sellingydrare available in oral formulatiéh®™
Different forces are driving research in controltetbase dosage forms To develop a drug for
patient compliance, with reduced cost is one ofrfasons driving research in controlled release
dosage form$*3. Controlled oral drug delivery could be the ansteethe problems for
administration of biotechnological molecules whatherwise are not possible to delivery orally
% FDA’s review process and demand for a greaterbmuraf complex clinical trials are
increasing the time for NCE (New Chemical entityenter as a drug into the mark&tin
addition, FDA’s compliance with 21 CFR Part 11 dimel new Health Insurance Portability and
Accountability Act (HIPAA) is affecting the clini¢@rial process required for the drug approval
process. In 1996, FDA approved 53 NMEs (New Molacétntities); this figure dropped to 27
in 2000; 20 in 2005; 22 in 2006; 24 in year 2008 mnexpected to be even lower in coming
years'’. Expenses accrued from drug development aredittie roof, true innovation is at an
all-time low, and the regular introduction of newlecular entities (NME), is currently weak. In

coming years, at least 20 major products with comdbisales of billions will lose patent



protection. Patent expiration always hit pharmacautompanies drastically because of very
high cost of drug development. Hence the developifertive controlled-release formulations
of existing immediate-release products, as anditweafinancial option for pharmaceutical
companies, in addition to seeking new therapentiecations for these “new” products.
Introduction of different products, such as AugnmeXR by GlaxoSmithKline and Cipro XR by

Bayer, are harbingers of this option becoming adfé

Different technologiesto develop oral controlled-release system:

Different technologies can be used to develop avatrolled release dosage forffis
Many researchers have focused on developing orgitaited drug delivery as follow:
1) Coating technology using different polymers.
2) Matrix systems using swellable or non-swellableypwrs
3) Slowly eroding devices
4) Osmotically controlled devices
Conventional tablet formulations are still poputathe design of controlled- release dosage
forms®®. Because of simplicity of the design, matrix desiecnade with cellulose or acrylic acid
derivatives, which release the homogeneously digpedrug based on the penetration of water
through the matrix, have gained steady populartywever the drawback of matrix type
delivery systems is their first-order drug delivengchanism caused by changing surface area
and drug diffusional path length with time. Thissdback could be addressed by osmotic
delivery systems. Osmotic delivery systems mairdazero-order drug release irrespective of the
pH and hydro-dynamics of the Gl tr&ét Multiparticulate drug delivery systems are gagnin

favor over single-unit dosage forms because of thesirable distribution characteristics,



reproducible transit time, and low gastric irricat?’. Although several technologies for the
production of microparticulate systems have beamgded, thus far the mainstream technologies
are still based on spray-drying and film-coatinchtelogy??. Our research focuses on
microparticulate systems to develop oral controtkddase of the drug dosage using the solvent
evaporation technique.
Types of oral controlled release dosage forms:
Based on the mechanism of the drug release themrtaolled release system can be

classified into following typek
1) lon Exchange Resin
2) pH Dependent and Independent Formulations
3) Osmoatically Controlled Formulations
4) Diffusion and Dissolution Controlled System
5) Dissolution Controlled Release

a) Encapsulated Dissolution Controlled System

b) Matrix Dissolution
6) Diffusion Controlled System

a) Reservoir System

b) Matrix System

1) lon Exchange Resins
lon-exchange resins used in pharmaceutical preépasaserve several different
functions, including taste-masking, tablet disiméigpn, extended drug release and improve

chemical stability of the active ingredieits”. lon exchange resins are water-insoluble cross-



linked polymers containing salt forming groupsépeating positions on the polymer ch&in
Resins may be either a cationic exchanger or anexthanger. In the design of the oral
controlled release dosage forms, the ion exchaggjas forms a complex with the drug
substancé®. Drug molecule in this complex is released by exgfing appropriately charged ion
in the Gl tract. Since the ion must diffuse into and out of thgim complex for exchange to
occur, different factors significantly affect thete of the release of basic drugs from cation-
exchange resirfS. These factors includes diameter of resin beastyeg of cross-linking within
the resin, the pKaf the ionizable resin group, and electrolyte conicdion of the drug release
microenvironment®. A drug resin complex can be encapsulated or swfgkin solution to

further improve oral controlled drug delivery.

2) pH Dependent and Independent For mulations
The rate of release from oral controlled releassade forms is independent of Gl tract

pH 2"% Appropriate buffering agents are needed usekisntype of pH independent
formulation, which adjusts the pH of the fluid emtg the formulation to a constant, desirable
pH thereby allowing a zero order release of thedtua controlled rat® > The normal pH
range of gastric juices is between pH 1 and 3,euié pH in the intestinal tract averages about
pH 72°% This fact has been used to good advantage fos yedalifferent oral controlled release
formulations. These formulations are usually infthven of tablets coated with a drug substance
which is insoluble or sparingly soluble in acidadigions, but which dissolves rapidly at higher
pH *°. Drugs which would present a problem if releasethe stomach, such as gastric irritation
would be delivered using this pH dependent formaortatMoreover, such pH dependent

formulation also permits extending the release difusy over time™. For example, a controlled
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release tablet can be formulated by compressingutga containing the drug, where some of
which granules are enteric coated and some arentetic coated. As the solid dosage form such
as tablet disintegrates, the non-enteric coateniudga dissolve in the stomach, dependent on pH,
immediately releasing the drug, while the enteaated granules pass to the intestine before
dissolving to release the drtly In this way, release of the drug can be contiadieer an

extended period of time. In this case, the drugssdent in both the stomach and intestine
because of the different pH of stomach and intes@uch an extended controlled release system

is crude; essentially releasing the drug in a bétatenanner dependent on the PH

3) Osmotically controlled Formulations *

Osmotically controlled oral drug delivery systeutdize osmotic pressure as the energy
source for controlled delivery of drug. The delief the drug is controlled by the solvent influx
across a semi-permeable membréh€ontrolled release using osmotic pressure, &vgel
extent, is independent of the physiological factifrthe gastrointestinal tratt These systems
can be used for developing systemic as well agtadgdelivery of drugs. Various formulation
factors affect the release of drug(s) from osmeystems such as solubility and osmotic pressure
of the core component(s), size of the deliveryicgifand nature of the rate-controlling
membrané®. The controlled release dosage form, when it cimeontact with the aqueous
fluids, imbibes water at a rate determined by thiel fpermeability of the membrane and osmotic
pressure of the core formulatidh This osmotic imbibition of water results in fortiza of a
saturated solution of drug within the core. Thikigon is then dispensed at a controlled rate
from the delivery orifice in the membrane. Osmadlyceontrolled systems are suitable for

controlled delivery of drugs having moderate watubility *2. Incorporation of excipients in
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the formulation that modulate the drug solubilitighin the core can be one approach to control
the release of drugs from the osmotic systems fif$teoral osmotic pump was developed
around 31 years ago. Today there are number offioatiions available to meet a variety of drug
delivery demands in oral controlled release dejiv@smatically controlled systems hold a
major market share in the drug delivery productsxasnplified by the number of products in the
market and patents granted in the last few yearsn&ulating various formulation factors, it is
possible to use these systems to deliver drugs/efsified nature at a pre-programmed rate for
oral controlled release.
4) Diffusion and Dissolution Controlled System

In addition to polymer swelling and drug diffusjon diffusion and dissolution
controlled system there is slow entanglement opthlgmer chain leading to complete
dissolution of the polymer. It is characterizedabghase erosion of the polymer carrier that is
associated with fast or slow dissolution of the mawlecular polymeric chains. This type of
controlled system is only possible in uncross-lthkelymers.

a. Dissolution Controlled System

Dissolution controlled release systems are obtayeslowing the dissolution rate in the
GI medium by incorporating the drug into insoluptdymeric material and or coating a drug
into polymers of varying thickness. The rate limifistep for the dissolution controlled release
system is the diffusion of the drug across an agsi®oundary layer. The solubility of the drug
provides the source of energy for release of thg.dControlled release using the dissolution
mechanism can be achieved by encapsulating theithaugsoluble polymer. The coated beads
can be encapsulated or compressed into tabletagsgane to produce Spansule products. The

rate of the dissolution (dm/dt) can be explaineddipwing equation-
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dm/dt = ADS/h Equation # 1.
Where dnv/dt is dissolution rate; sisaqueous solubility of drug; A is surface area of dissolving

particle or tablet; D isthe diffusivity of the drug; h is the thickness of the boundary layer.

This approach however does not allow for a constdease rate because the surface area

changes with the time. The solubility of weak amdsveak bases drug is affected by the

variable pH in the Gl tract. One of the approadbeattain sustained release is to use

hydrophobic polymers or waxes as the matrix toripoate the drug.
b. Diffusion Controlled System
The basic principle of this type of controlled e is diffusion of drug particle through

a polymeric membrarte Similar to the dissolution control system, thiugiion controlled

devices are manufactured by encapsulating a dtagipolymeric membrane or by dispersing

the drug into polymeric matrik Unlike the dissolution control system, the difeuscontrolled
devices makes the drug available by partitionirrgugh the polymet® There are two types of
diffusion control release systems.

1) Reservoir type diffusion controlled release systbmeservoir type of diffusion system, a
core of a drug is surrounded by a polymeric mendar@enerally the drug diffusion through
the coating barrier controls the release rate. Tywes of reservoir systems can be
distinguished®.

a) Device with non-constant activity souteln this reservoir type of system only the

dissolved drug exists within the systems core ypametration of water. More

specifically the drug molecules that diffuse outlod device are not replaced and thus the

inner drug concentration at the inner membraneasad decreases with the time. In this

case, irrespective of the geometry of the devicgt, érder of drug release observed if the
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system does not swell; the perfect sink conditemesmaintained (negligible drug

concentration in the release medium; no hindramt¢eeofurther drug release by already

released drug, and the membranes properties ahaoged with timé®.

b) Device with constant activity souré® In this system the initial drug loading is much
higher than the amount of drug is soluble withia #etted core. Thus during the major
part of the drug release the dissolved and norelfied drug co-exists More importantly,
the drug molecules that diffuse out of the devieeraplaced by the partial dissolution of
the excess amount of the drug. Irrespective ofjfmmetry of the drug, the resulting drug
release is constant as long as the drug excessvigled in the device core; the system
does not swell, perfect sink conditions are med, m@mbranes property does not
changé®.

2) Matrix type diffusion controlled release systdmin matrix type of diffusion system, drug is
distributed uniformly throughout an inert polymeniatrix >*. Diffusion control involves
dispersion of drug in either water soluble or ingt¢ polymer. In this type of oral controlled
release system the release rate is dependent oat¢hef the drug diffusion from the
polymer matrix but not on the rate of solid dissioln.

Three major types of materials used in the prejmaraf matrix devices preparation are
insoluble polymers; hydrophilic polymers, and fatbmpounds. Plastic matrices include methyl
methyl acrylate, polyvinyl chloride and polyethyeetc. Hydrophilic polymers include
methylcellulose, hydroxyl-propyl-methylcelluloseydasodium hydroxyl-methylcellulose Fatty

compounds include various waxes such as glycesyétate, and carnauba wax
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Advantages and Disadvantage of oral controlled release dosage forms:
The major goal of controlled-release dosage fositee improvement of drug therapy to
the patients.
1) Advantages of oral controlled release 21438
It is well known that for some drugs, controlleteese of the drug over time may offer a

number of advantages relative to immediate reldasage form of the same drtfg

The advantages are listed bel&w

Advantages

1 Therapeutic advantage Reduced drug plasma level fluctuations.
2. Steady plasma level of the drug over an

extended time period.

2 Reduction in adverse 3. Drug plasma levels are maintained within a

side effects and narrow window with no sharp peaks.
improvement in 4. Greatly reduces the possibility of side effects
tolerability because the scale of side effects increases as we

approach the maximum safe concentration.

3 Patient comfort and 1. Oral drug delivery is the most common and
compliance convenient for patients.

2. Reduction in dosing frequency enhances

compliance.
4 Reduction in 1. The total cost of therapy of the controlled
healthcare cost release product could be comparable or lower

than the immediate-release product as the
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number of dosage are reduced for a specific
treatment compared with the immediate release
dosage forms
2. Overall expense in disease management also
would be reduced with reduction in the side

effects.

2) Disadvantages of oral controlled release®

a) Difficulty of quick stoppage of pharmacological iact of the given drug.

b) The rate of gastric emptying affects the drug reteaspecially in cases of serious
poisoning or intolerance.

c) If the drug is not absorbed by intestinal mucosaetwill be a little or no efficacy of
pharmaceutical dosage form.

d) There may be difficulty of adjusting the posologyirtdividual pharmacokinetics.

e) Drug release rate dependent on pharmaceutical ddsayg integrity.

f) The pharmaceutical dosage form size may be large.

g) The manufacturing cost may be greater than conwegitdosage forms, as more

processing is required.

Factors affecting the development of oral controlled release dosage form:

a) Dose: Developing oral controlled-release dosage formslavoeguire approximately

two or three times greater amount of drug tharotiaéconventional dosage forms. The
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b)

d)

prohibitively high dose of poorly soluble drugs damit their suitability for developing
oral controlled release forff.

Aqueous solubility **: The aqueous solubility of drug is a very importiator that
affects its incorporation into oral pharmaceutidasage form$®. The drugs with high
or low solubility are not a suitable candidate deweloping oral controlled release
dosage forms. The poorly soluble drug has a sle@saadlition rate and thus absorption
will occur for extended period of time. Howevdretdissolution kinetics are however
linear and vary with surface properties, partitie sind particle distributiotf. Thein
vivo absorption of such drug may remain incompletearthble if the drug is to be
absorbed past the ileocecal junction (more tharhis8

Stability: Drugs need to be stable to pH, enzyme, Gl floraughout its time in Gl
tract. For example — Drugs that are that is ndilstt Gl tract flora or pH are not
suitable candidates for once or twice a daily dgp&mnorder to maintain a desirable
concentration for over 12 hrs in Gl tract.

Lipophilicity/Per meability: Absorption of drugs having poor permeability isitea
with by membrane permeatidh Change in release rate will have little effectptasma
profile and may attain poor absorption.

Partition coefficient: Partition coefficient explains the ability of augrto cross the
biological membranes and interact with the recefStoks a first approximation, the
more effectively a drug crosses membranes, thdagrisaits activity. Drugs with a
partition coefficient that is either extremely highlow are poor candidates for

formulation into controlled-release dosage foffhs
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f) Elimination Half Life: One of the basic reasons to develop controlleghse is short
(2-6 hrs) elimination half-life. Other variablescbuas minimum therapeutic effective
concentration and dose are also important paramteonsider. Two drugs with
similar half-life, may not be equally suitable tevélop oral controlled release dosage
forms.

g) Therapeutic Window: The drug needs to maintain the minimum therapeutic
concentration in plasma with reduced fluctuatiéiuctuations in plasma levels is
undesirable for drugs with a narrow therapeutieitd.

h) First-pass metabolism: Drug bioavailability will be decreased for drugghwsaturable

first pass metabolism as it slows the systemictifqam the controlled release system.

Thefutureof oral controlled release:

Researchers are making great efforts to discossrmethods for delivery and controlled
release of drugs that will be efficient and ecorgalty acceptable for drug manufacturers. The
future of controlled-release products is promisiggpecially in areas that present greater
acceptability from patients:

1) Chronopharmacokinetic systems: The drug can be effectively delivered with an oral
controlled drug delivery with a pulsatile releasgimen. A need exists to counter naturally
occurring processes such as bacterial/parasitioality patterns. For example, cnce-daily
oral Amoxicillin Pulsys by Advancis PharmaceutiCairp is a pulsatile-release formulation
of amoxicillin for oral administration that coulafentially inhibit the emergence of resistant

strains of microorganisms.
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2) Targeted oral controlled drug delivery: Oral controlled drug delivery that can target
regions in the Gl tract and release drugs only upaching the site could offer effective
treatment for certain disease states, specificalbases of cancers. For example, colon
targeted delivery of anti-neoplastics in the treatbof colon cancers.

3) Mucoadhesive delivery *: This is a promising technique for buccal and sghial oral drug
delivery. This type of drug delivery can offer rdminset of action and superior
bioavailability compared with simple oral delivdsgcause it bypasses first-pass metabolism

in the liver.

Particulate systems

The micro and nanoparticle approach involves paodkgdrug into a particulate carrier
system. Different polymers are employed and aint¢deauptake of intact drug-loaded particles
via the Peyer’s patches located in the small imesT his could be useful for delivery of
different drugs including those of protein origivat cannot, in general, be given orally.
Incorporation of the drug into a microparticulagereer system can protect it against degradation
invitro as well asn vivo.

Microencapsulation techniques can be used to icatp polymeric or other protective
material with active ingredients. One approacloipackage drugs into a micro-particulate
carrier system. Microcapsules, microspheres, ambspheres are some of the optitn®ur
research focuses on developing microspheres teede¢heophylline, a weakly basic, relatively
low water soluble, narrow therapeutic index drugd smstudy the effects of dual surfactants on

the formulation process.
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Micro-particulate Drug Delivery System

Micro-particulate drug delivery systems have founde application in the
pharmaceutical industry, first for external userieams and ointments, later for subcutaneous
drug delivery and then in oral and intravenous auilstriation. The terminology used to describe
micro-particulate formulations can sometimes bemststent and confusing to those not familiar
with the field of pharmaceuti¢é. The term “microparticle” refers to a particle vt diameter
of 1-1000 um, irrespective of the precise inteoioexterior structuré®. Further classification of
microparticles, “microspheres” specifically reféosspherical microparticles where drug is
dispersed homogenously throughout the polymer.stiheategory of “microcapsules” applies to
microparticles that have a core surrounded by @mahthat is distinctly different from that of
the core. In this case, the core may be solididiqur even gas. The term nanoparticles refers to
particles of equal or less than a size of 1 untidkas greater than 1000 um are called macro-
particles or bead¥. Commercial microspheres have a diameter in thgeraf 3 to 800 prir.
Despite the specific and logical subcategories astioned in different literature reports, many
researchers use these terms interchangeably,fteatleads confusion to the reader. It is usually
assumed that a microparticle formulation is congatisf a fairly homogeneous mixture of
polymer and active agent, whereas microcapsuleuiatons have at least one discrete domain
of active agent and sometimes even nfar#licroparticles are of special importance for
developing a controlled release drug delivery syste®™ They play an important role to
improve bioavailability of conventional dosage farand reducing side effedts
Pharmaceutical application of microspheres involliferent routes of administration including
*>

oral, pulmonary and parentdl*. For parental drug delivery, the diameter of theraparticles

should be less than 250 pm, ideally 125 {ifi
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Microspheres

Microspheres are a type of microparticles in whied drug particles are homogenously
dissolved and dispersed in a polymeric mattixMicrospheres show different release properties
than true microcapsules with an additional feathas there is no possibility of catastrophic drug
burst due to rupture of a sh&ll Our current research will focus on how to contedéase by
different formulation and processing variables bg of dual surfactants. Many investigators
have focused on studying microspheres for deligecontrolled release oral solid dosage forms
4633 studying different microencapsulation technigisésnportant in order to understand the

basis of microsphere formation and drug reléase

Microencapsulation

Microencapsulation techniques are widely usediémeloping a oral controlled release
drug delivery syster*>* Microencapsulation technology emerged in the &880s and has
been used for various applications, including gi@aphoducts, optics, agricultural chemicals,
adhesives, perfumes, food and flavorifigsThe first significant application of
microencapsulation in 1950 was in the developméntasbonless paper and is based on
coacervatiorf®. Interest in microencapsulation technology far fbrmulation of controlled
delivery of drug has increased in the last decadagto numerous advantag&s” The term
microencapsulation is used to designate a categdgchnology to entrap solid, liquid or gases
inside a polymeric matrix or shell. The advantagfesicroencapsulation includé¥**>?

a) Protecting microencapsulated compound from theosading environment.

b) Keeping a non-compatible substance separate frbar stibstances of the product.
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c) Mixing immiscible or incompatible ingredients.
d) Produces physical stability against heat, moistoxalation/reduction, light etc.
e) Physicochemical properties of the micro-particulatstem remain unaltered.
f) Prolongs the shelf life of the active components.
g) Micro-particulate systems can be administered argous routes (I/V. I/M. S/C, Oral).
h) Micro-particulate systems are practically scaldbléhe industrial level.
i) Controlling the release of the drug or core makéhiaugh the surrounding shell. Such
release from microparticles is ensured by varioashranisms:
i) Mechanical rupture of capsule wall
if) Dissolution of the wall
iii) Melting the wall
iv) Diffusion through the wall
v) Albation (Slow erosion of the wall)
vi) Biodegradation
In matrix type microparticles (known as microsg@)ehe active ingredients are
entrapped within the microparticl&s Microspheres provide encapsulation of an active
ingredient homogenously throughout the whole plariiecluding the external layét.
Microspheres have significant importance in biornabiapplications®°%. Administration of
drug in the form of microspheres usually improves treatment by localizing active ingredients
at the site of action and by prolonging the relezfdbe drug. Additionally, sensitive drugs such

as proteins and peptides may be protected agamshemical and enzymatic degradation.
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Micro-encapsulation Methods

Various microencapsulation methods are describditerature for the preparation of
pharmaceutical microspher&s’*! Research to find new and improved methods of
microencapsulation to encapsulate new inventesteaatblecule is always in progress®
Microencapsulation technique depends on the phyamchchemical properties of the drug to be

encapsulatet’. Existing methods of microencapsulation are cfessas follows*>>%

1) Physicochemical methods ***°
a) Simple and complex Coacervation / Phase separation
b) Complex precipitation
c) Solvent Evaporation
d) Solvent Extraction
e) Layer by layer adsorption
f) lonic geletion
g) Salting out

2) Chemical methods **°
a) Interfacial polymerization
b) In-situ polymerization
c) Matrix polymerization

3) Mechanical Methods **
a) Coating
b) Extrusion

i) Simple or double capillary

i) lonic Gelation
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c) Spray
i) Spray drying
i) Spray Cooling
i) Spray Chilling
Amongst these different methods the following @emonly used to develop
microspheres: phase separation by polymer-polynoampatibility and coacervation, solvent
evaporation and solvent removal, hot-melt micropaaéation, spray drying, interfacial

polymerization, and supercritical fluid processtaghniques.

1) Phase separation/Coacervation:

The Dutch scientists Bungenburg de John and Kniggduced the term coacervation in
1929*. The term coacervation came from the Latin wemhtervus’ which means heap or pile
3. This method involves the dissolution of the podyrin a liquid in which the insoluble core
material to be encapsulated is suspended. Theggareolves formation of a polymer rich
separate phase known as a coacedfePhase separation is a non aqueous method that is
suitable for microencapsulation of both water stddnd water insoluble drugs and is generally
used to microencapsulate protein or peptfdé&$ While the o/w solvent evaporation/extraction
method is only suitable for water insoluble drubeg, phase separation, being a non-aqueous
method is suitable for both water soluble and inistel drugs®®2 In short, developing
microspheres by phase separation method involas®lding the polymer in organic solvents;
and then dissolving or dispersing the drug in ulymer organic solverit. In the second step,
organic non-solvent (called the first non-solvest3lowly added to the polymer-drug-solvent

system with stirring. The polymer forms a phaseas&te, a coacervate droplet that contains the
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drug. Since the coacervate droplets are too sdfistage, the emulsion system is transferred to
a third body of the second organic non-solveniefreig to the 2nd non-solvent) with stirring.

The microspheres, thus prepared ,are washed vathetond organic non-solvent and then
collected by sieving or centrifugation and driecatbient conditions under vacudfif® This
method is used to produce double walled microsstfere

2) Interfacial Polymerization:

Interfacial polymerization involves dissolvingdispersing the drug in an organic
solution of a monomer that can be polymerized tiw$6°”. The organic solution that serves as a
dispersed phase is emulsified into a continuougauggs phase. Emulsification can be induced by
adding catalyst®. This method can be used to prepare the nanosti&fe
3) Spray Drying:

Spray drying techniques can be used to encapsdatative substances including drugs,
fragrances, essential oils or vitamfig® This technique involves spraying the suspensfan o
drug in an organic solution of the polymer. Theporation of the solvent is achieved by a
special temperature controlled cycldfleMicrospheres are obtained by selection of apjpater
conditions and solvenfs. Spray drying is defined as the transformatiotheffeed from a fluid
state such as solution, dispersion or paste idlited particulate form by spraying the feed into a
dried hot gaseous drying medidfn Spray drying is a continuous one step processrtbldes
atomization of the feed, mixing of spray and augmoration of solvent and separation of the
final product**"® Owing to readily available equipment and highpotit spray drying is a viable
commercial method. The disadvantages include ltroiteon spraying the high viscous solution

that limits core loading and exposure of activaéatients to high temperatufe
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Hot-Melt Method:
The hot-melt method can be used to encapsulags dnudyes? This method involves
melting a polymer slightly above its melting poiemperature. The drug is then added and

I”%. This mixture of molten polymer-drug is pourecimat heated bath of non-solvent

mixed wel
with stirring. Typical non-solvents used for the-heelt method are silicon or corn oil, and the
stirring action causes emulsion formation. Oncentiirospheres are formed, the desired mass is
quench-cooled to harden the microsphierEhe microspheres are harvested by washing and
drying to remove the non-solvefit This method is used for thermally stable drugs treed
encapsulation to achieve desired drug deliveryadtaristics.
4) Supercritical fluid processing techniques:

Microencapsulation is achieved in supercriticaldirather than in organic solvents. In
this method, the coating material and core padiale placed in an autoclave heated and
pressurized with CQuntil supercritical conditions are achiev&d®’® The coating material is
solubilized in supercritical fluid. After phase clge from supercritical fluid to liquid stage the
core particles are precipitated into micropartiéfes
5) Precipitation:

The precipitation process of microencapsulatimives precipitation of a polymer
around the drug selected for encapsulatiofhis method involves numerous variations such as
precipitation of water soluble polymers such asige| with water miscible solvents such as
isopropanof®. Other examples include precipitation of wateolable polymers such as ethyl
cellulose from cyclohexane by cooling; gelatiorsoflium alginate with aqueous calcium salt
solution, and the thermally induced process ofipittion of protein to form microspherés

The limitation of this process is oxidation of thetive ingredients.
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6) Salting Out:

This technique involves addition of salts to tihegeous polymer solution ultimately
causing the polymer to phase separate from thé¢ieolil. One potential problem is
incorporating a high amount of salt that will shogin the final product of microsphere wall.
This is undesirable in preparing the formulationddfusion based delivery.

7) Solvent Extraction Technique:
In the emulsification-evaporation methods, elinima of the organic solvent is
accomplished two ways:
a) Diffusion of solvent in the dispersing phase, defiras solvent extractidfi
b) Elimination of solvent at the dispersing phase+derface, defined as solvent
evaporatior'”.

In the solvent extraction process, theoreticdllgne uses a continuous phase that
extracts dispersed phase solvent(s), the solverogation stage is not needed. However in
practice, this is not the case. Solvent extraagsarormally achieved by using large volumes of
dispersing phase with respect to the continuousgbaby choosing a dispersed phase of co-
solvents. The co-solvent selection should be datieam objective that one of the co-solvents
will have greater affinity for the dispersing ph&SeHowever, this method may develop crystal
formation of active ingredients at the microsphemirfacé”. The solvent extraction method is
commonly employed to encapsulate protein drug®iynperic microparticle&’.

8) Solvent Evaporation Technique:

The solvent evaporation technique is one of tdesiland commonly applied methods of

microsphere preparatidfi® This method can be used to produce microsphsizs fiore than

1 pum) as well as nanospheres (size less than 10D0This technique is mainly based on the
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evaporation of the internal phase by agitationsThethod involves emulsification of an organic
solvent, containing dissolved polymer and dissoldsgersed drug in an excess amount of
continuous phase (that could be aqueous or noneagu®vith the aid of an agitator. Subsequent
evaporation of dispersed phase solvents yieldd poliymeric microparticles entrapping an
active ingredient such as drug. The solid microsgshare recovered by filtration, centrifugation
or by lyophilization®®. This technique is simple and economf¢&f. Depending on the solubility
of the active agent in polymer solution, the pradian be homogenous or heterogeneous
microcapsules. This method is usually used fortowompletely water insoluble drulfs The
polymer used in this method must be water insolsbth as ethyl cellulo$8. The basic
prerequisite for this method is the use of a sdltest is able to efficiently dissolve the drug to
be encapsulated as well as the wall-forming polyorreaterial. Although the solvent
evaporation process is relatively simple, the pigfsemical phenomenon governing this process
is very complexX’. In general, the diameter of the particle depemmm the size of the micro
droplets formed in the emulsion before evaporatibihe solvent§®. The polymeric
encapsulating material (i-e d,l-lactide-co-glycelig¢hitosan, ethyl cellulose), often dictates the
choice of the solvent(s) employed in the procesnaidlsification. Solvent(s) such as
halogenated alkanes such as methylene chloriderdabform that often employed as the
dispersed phases are not desirable because of rsafedy concerns. The toxicity of the solvents
does prevent microspheres made by this processHrreating FDA regulations since residual
amounts of chlorinated solvents may be retaingbdarsample. Use of safer solvents such as
ethyl acetate and acetone has since been prearcececommended. Our research employs
acetone as the choice of solvent for developingasfheres. In order to avoid the use of

chlorinated and other solvents in the microspheepgration, the hot-melt microencapsulation
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technique was develop&d The physiochemical properties of both these m®ses of forming

the microsphere wall are the saffieHowever the solvent removal process differs Sicamtly

from the hot-melt method in that the solvent renh@vacess requires milder conditions for
extraction of solvent that prevents destructionmstable drug substanc®sSeveral methods
have been developed and depend on the variab@eadssing factors such as the elimination
procedure for the solvents (extraction or evapomtand formulation factors such as the type of

the external phase (aqueous or non-aquedus)

Emulsions- General consideration

Emulsions are dispersed systems consisting obtwoore mutually insoluble,
immiscible or sparingly soluble liquids. The liquidually present in excess is termed the
continuous or external phase, while the dispernsgid is called the dispersed, discontinuous or
internal phase. If the continuous or external pltasesists of water, and the dispersed or internal
phase consists of an organic liquid, such as midrahe term oil-in-water (O/W) emulsion is
used. If the continuous or external phase consfatsganic or non-aqueous liquid, the dispersed
or internal phase consists of water, the term wiat@il (W/O) emulsion is used. O/W and W/O
emulsions may contain a non-polar oil such asaik; however in O/O emulsions it is relatively
rare to have both phases non-polar.
(Water-in-oil)-In-Water Multiple Emulsion Technique (W/O/W)

Multiple emulsion or double emulsion techniques @sed to encapsulate water soluble
drugs such as proteins or peptides, efficientlyorief, polymer is dissolved in an organic solvent
and emulsified into an aqueous drug solution tonfamater-in-oil emulsion®. This primary

emulsion is re-emulsified into an aqueous solutiontaining an emulsifier to produce a multiple
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w/o/w emulsiorf*®%% This method is based on the premise that an argésase would act as a
barrier between the two aqueous phases, prevahendjffusion of active ingredient towards
external aqueous pha¥e This method yields high encapsulation efficienEfighly water
soluble drugs. Microspheres manufactured by thithateexhibit various morphologies such as
porous or non-porous external shell layers enctpkoilow, macro-porous, micro-porous
internal structur&®

Oil-in-Water Emulsion Technique (O/W)

The solvent evaporation method is essentiallgikm-water dispersion or emulsion
process. An organic (solvents) phase containingrpet and drug is mixed in an aqueous phase
containing an emulsifier. The emulsified droplets then hardened into a microsphere by
removing the solvent. This method is usually usedncapsulate lipid soluble drugs and is
limited to the lipid soluble drugs because evergdihat are slightly hydrophilic may be
partitioned into an aqueous ph&%é®
Oil-in-Oil Emulsion Technique (O/O) or Non-aqueous emulsaivesit evaporation technique:

Oil-in-oil emulsion technique is also known as tfmn-aqueous emulsion solvent
evaporation method. The major disadvantage oftighod is insufficient encapsulation
efficiency to encapsulate low water soluble andewatsoluble compound§®®? This method
is modified from theoil-in-water emulsion method. In this method, an organic licgudh as
castor oil, mineral oil, or cottonseed oil is usada continuous phase. Oil soluble surfactants
such as lecithin, span or brij are used as an éfieul$®. Using oil as an external phase is a
disadvantage of this system, as it makes cleahmdinal product difficult. The advantages
include prevention of hydrolysis of active drugsldaigher microsphere yield. There are several

formulation and processing variables that affeetdharacteristics and properties of the
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microsphere. These factors include the type ofmpelyused, drug, solvent, emulsifier and

different ratio among them, stirring speed, andgerature.

Role of different factorson properties of microspheres

The solvent evaporation method makes possiblerntbapsulation of a wide range of
drugs having different physical properties and lsitiy characteristicy. Although the solvent
evaporation method is a simple process, a numbearables affect the microsphere
characteristics. These variables include the petytomposition, molecular weight, the nature
and solubility of the drug to be encapsulatedditgmanic solvent used, the temperature of
emulsion, the external to internal phase ratio, thedamount of emulsifier used. Different
studies are conducted to determine the effectiofade, type and amount of the dispersing
agents, the viscosity of emulsion phases, the gordiion of vessel and stirrer, and the quantity
of emulsion phases on the size of microspfAefe Formation of a stable emulsion is an
important step in solvent evaporation. It makesplgmer globule stable so that it does not
coalesce during solvent evaporation. This allowsh&rdened microspheres as a final product.
There are reports of using single surfactantshfemtreparation of microspheres of water-soluble
pharmaceutical®® *’. In formulating protein drugs, the use of a sirsjlefactant was reported
to attenuate the burst release of PGLA microspifersfter an extensive search of the scientific
literature, we could not find any report/s on uean® (dual) surfactants on controlled release of
sparingly water soluble drug produced by non-agsemlvent evaporation method, although
there are some non-published studies conductée ainiversity of Georgia, Athens, USA

The use of the hydrophilic-lipophilic balance gyst(HLB) is widely known for

choosing surfactants for microsphere prepardfidrwhen using two or dual surfactants to
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stabilize an emulsion, usually the HLB is statedhasrequired hydrophilic-lipophilic balance
(RHLB) to account for the use of two or more sutdacts in the emulsion. The term combined
hydrophilic-lipophilic balance (CHLB) has been oeihby Professor Emeritus Price, at the
University of Georgia to define the number thatasnbined to achieve a required HLB number
to stabilize the emulsion. Since a dual surfactamtlsion system is obtained by combining a
Low HLB (LHLB) surfactant and a High HLB (HHLB) sfactant the term CHLB makes more
sense than the use of RHLB.

In our current studies the objective is to stuuy ¢ffects of dual surfactants (HHLB and
LHLB surfactants) per cent ratio as a function iffiedent variables such as temperature and
mixing speed on the different physical propertiemarospheres prepared by non-aqueous

emulsion solvent evaporation method.
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Part I1: Surfactants

Our current work studies the effects of the corallinse of dual surfactants, a low HLB
surfactant and a high HLB surfactant as a funatibtemperature and mixing speed on the
different physical properties of microspheres pregdy non-agueous emulsion solvent
evaporation method.

Surfactants are amphipathic substances with hydropimd hydrophobic groups making
them capable of adsorbing at the interfaces betligeids, solids and gasésThe term
surfactant was coined by Antara products in the $680°. Surfactants are used in many
chemical industries, paints, detergents, dyestpfpger coatings, inks, plastics and fibers,
personal care and cosmetics, agrochemicals, phatrieals, and food processiig They are
low to moderate molecular weight compounds thataiora hydrophobic part that is readily
soluble in oil but sparingly soluble or insolubfewater and another part that is hydrophilic part
which is readily soluble in water but sparinglywae or insoluble in off. If the hydrophobic
segment is very large, then the surfactant willbetvater soluble and vice versa. Surfactants
form self-associated clusters, which normally l&adrganized molecular assemblies,
monolayers, micelles, vesicles and membrénéghe formation of such structure depends on
different parameters such as the size of hydroghddamnain, the nature and size of the polar
head group, temperature, and salt concentratiSnrfactants are extensively used as excipients
in drug delivery because of their capability ofueithg surface tension that allows drugs to mix
or disperse readily as emulsions in water or difjaids ’.

Understanding of the physiochemical propertieslatthvior of surfactants in solution
and at interfaces has undergone dramatic develdpméme past few decades. Scientists both in

academia and industry are giving serious atteribdhe study of surfactants and their
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application to develop controlled release drugveeli. Hydrophobic domains of surfactant
molecules can associate to form various structmsding micelles, micro-emulsions, and
microspheres that offer opportunities for drug\eksly applications (Sydney Ross 1988).
Classification of surfactants

Traditionally, surfactants are chemically clagsifaccording to the nature of hydrophilic
group present®. If the surfactant molecule is not ionized, theeis icalled a non-ionic surfactant
°_If the surfactant molecule carries a negative@it is called anionic, and if it carries a
positive charge it is called a cationic. If it gagboth charges (positive and negative), it is
frequently called zwitterionic but this terminologpplies to surfactants only at pH values at
which both positive and negative charges occur @aritantly on the same molecule. In all other
circumstances, the use of term amphoteric surfattanore acceptable. The most commonly
used zwitterionic surfactant is lecithin (phosptgitcholine), usually employed in oil-in-water
formulations. Anionic surfactants are the firstfaatants used for emulsions. Early era soaps
were produced using such surfactants derived froimal fats. Early in the 20th century,
synthetic detergents were produced by using thegss®es of sulfation and sulfonation which
still dominate the manufacture of anionic surfats@nday™.

Non-ionic surfactants generally possess a poldrnybcharged, head group and one or
more non-polar hydrocarbons (C10-C18 chains) whrehalso uncharged. The hydrophobic and
hydrophilic moieties are generally linked by ethester or amide bonds. The most commonly
used non-ionic surfactants are ethoxylate, ethyland propylene oxide copolymers, and
sorbitan esters. The chemical structure and etettneutrality of non-ionic molecules imparts a
lower sensitivity to the presence of electrolyteshie Gl tract. These surfactants are less toxic

than anionic surfactants. Chemicals in this classaative if they carry at least one free —OH or
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ether group normally derived from ethylene or ptepg oxide. Non-ionic surfactants are most
useful in pharmaceutical preparation because af toenpatibility with other pharmaceutical
excipients, stability and low toxicit*2 Non-ionic surfactants can be further divided iwater
soluble and water insoluble compounds. Long chetity faicid analogs such as fatty alcohols,
glyceryl and fatty acid esters are examples of miaspluble non-ionic surfactantsvhile
polyoxyethelene (POE) sorbitan fatty acid esteesaawr example of water soluble non-ionic
surfactants. The latter is mostly used in oralidal and parenteral formulatioAsThere are
non-traditional surfactants used in many indussigsh as bile salts. Certain drugs also exhibit
surfactant like activity for example ibuprofen, kenaine eté. Non-ionic surfactants have the
advantage over ionic surfactants in that they aimfnpatible with most other types of
surfactants; 2) minimally affected by moderate tdrges and by moderate electrolyte

concentration$®.

Physical properties of surfactants

Physical properties of surface active agents wiftan those of electrolyte or non-
electrolyte molecules. At low concentrations surfactants have similaygital properties to
electrolytes except regarding surface tension samfdice tension decreases rapidly with increase
in surfactant concentratioAt a certain point called the critical micelle centration (CMC)
unit surface active ions form an association tonftarger, generally spherical molecules known
as micelles which occurs at the minimum concermratif surfactant. The CMC decreases with
increasing chain length of the hydrophobic porfalkyl group) in any class of surfactants. As a
rule of thumb the CMC decreases by a factor offovaonic surfactants (with no salt added) and

by a factor of three for non-ionic surfactants upoding one methylene group to the alkyl
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chain. With nonionic surfactants, the increase iMCis determined by increasing the length of
the poly (ethylene oxide) hydrophilic group. Nornmaurfactants usually have lower CMC than
corresponding ionic surfactants with the same atkgin length. Non-electrolytes, such as
alcohols, can also cause a decrease in the CM€% aloohols are less polar than water are

distributed between the bulk solution and the nhgsel

Surfactantsin drug delivery

Surfactants are commonly used as excipients imajor drug delivery systent$*>
They are used in all disperse systems employetiampaceutical drug delivery. Relatively few
surfactants exhibit pharmacological effects alome laence the major use of surfactants in drug
delivery comes from their application as an adjuv@hey can be used as an emulsifier,
stabilizer, suspending agent and as an agent tease drug absorption. Drug absorption mostly
depends on two basic processes: (1) the dissolafitre drug in physiological fluids and (2) the
process of absorption itself, i.e., the proceswbigh a drug in physiological solution crosses the
membrane at the site of absorption and, entergaheral circulation. A pharmaceutical
formulation may utilize one or more mechanism wéase the extent to which the administered
drug is absorbed, especially in cases of poor alisor Inclusion of the surfactant in oral solid
and liquid dosage forms is expectedncrease the rate of drug dissolution as a reful
lowering the surface tensidh

The level of surfactant in a particular dosagenfalepends on its role in formulation. In
solid dosage forms, the level may be used at less@.1% to increase the dissolution rate and to
help wetting the drug particles. A wetting effecfound at concentrations below the CMC.

Surfactant effect on dissolution of solid is a céemgphenomenon. Surfactants can affect the
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surface area, and increase drug solubility, anddéme effective concentration gradient. They
may also affect the effective rate of drug diffuses a consequence of drug solubilization within
the micelles. For solid dosage forms where disswius surface area dependent, surfactants can
greatly affect the dissolution rate. The bioavaligbof hydrophobic drugs can be increased by
increasing their dissolution rate by the applicaid dissolution enhancers such as surfactants.
Surfactants have been added to conventional driygraeo solid dispersions to improve the
release characteristics of the drug. In self-erfyuigy drug delivery of liquid or semi-solid

dosage forms, the level of surfactant may vary fd% to 409 .

Surfactant molecules incorporated in formulatioas affect drug availability and
interaction by different ways. It may influence tisintegration and dissolution of solid dosage
forms by controlling the rate of drug precipitati@md by increasing membrane permeability and
integrity. Release rates of poorly soluble drugsnfitablet or capsule can be increased by using
surfactants. Surfactants decrease the aggregdtamg particles and create a greater surface
area on the drug particle for dissolution to oc@rug release is increased because the surface
tension is lowered. Concentration of surfactardahd dosage forms affects the release rate of
drug. Currently used pharmaceutical surfactants {@itv-molecular-weights have low toxicity
and high solubilization power towards poorly sotutitugs.

Effect of surfactants on GI absor ption of drug

Surfactants have been one of the most investigdtenhicals to enhance Gl drug
absorptiont”. They have been used to examine enhancementatidtption of drug under
different test conditions using model membranesrted intestinal sacs, and intestinal epithelia
in diffusion chamber®®. Increasing drug absorption from the gut walld$ only dependent

upon a surfactant’s activity with drug but alsoatslity to alter the barrier property of the
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membrane through which the drug must diffuse. Balks, gut pH and bacteria in Gl tract affect
the role of a surfactant as a Gl absorption enlraheace in vitro experiments cannot fully
predict their behavior in vive?. In the late 1960s, Engle and coworkers proposgdctants

as Gl absorption promoters for insulin and hep&riin their studies, sodium laurel sulfate was
shown to enhance the absorption of heparin bubfioisulin®. In 1978, researchers from Japan
and Israel reported successful rectal absorptionsoflin by use of polyoxyethylene ether, a non-

ionic surfactanf?

Application of surfactantsin emulsions

One of the most important applications of surfatdan pharmaceutical drug delivery is
emulsification®. This phenomenon has been extensively studieddBas droplet size the
emulsions can be classified as micro-emulsionsl@m) and macro-emulsions (0.1 to 50
pim). Micro-emulsions are transparent dispersiongewhacro-emulsions are opaque
emulsion$®. Surfactants are commonly applied to stabilizegimeilsion. During emulsion
formation one of the two immiscible liquids is bevkup into droplets and dispersed into the
other immiscible liquid. An increase in the inteitd free energy is formed because of increase
in the area of interface. The surfactant adsorlisealiquid-liquid interfaces by forming an
oriented interfacial film. This film reduces thderfacial tension and reduces the coalescence of
the dispersed droplet by forming a mechanicaljcstard/or electrical barrier around them. The
interfacial film formed by surfactants, producepuisive forces in approaching droplets. This
repulsion is due to the charges on the surfactattcules. This surface charge plays an
important role in o/w emulsions. In case of nonitsurfactants, the charge may arise from

adsorption of ions from the aqueous phase, froatidn between droplets and the agueous
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phase, or mechanical repulsion. Micro-emulsiongvavee thermodynamically stable than
macro-emulsions most likely because the formepasduced by gentle mixing while the latter

are produced using intense agitation.

Surfactant selection for pharmaceutical for mulations #*

The selection of surfactants for use in pharmacaiuapplications depends to some
extent on the route of administration. There aratéitions on choice of surfactants since many
surfactants are not tolerated physiologically vealbugh for pharmaceutical use. For example
ionic surfactants may not be suitable since they ocaaise hemolysis of red blood cells and
destruction of T lymphocyte cells at low concentras. The most accepted surfactants for oral
use, non-ionic surfactants are usually preferreéddmic surfactants used in low concentrations
have been shown to be acceptable in many édsisn-ionic surfactants used in pharmaceutical
applications today include mixtures such as etraieg castor oil (Cremophor EL), ethoxylated
sorbitan fatty acid esters, e.g. polyoxyethylembisan monooleate (Tween 80), sorbitan fatty
acid esters, e.g. sorbitan monooleate (Span 8@)xghated hydroxystearic acid, e.g.
polyethylene glycol 660 (12-)hydroxystearate (SallitS15), etylene and propylene oxide block
copolymers (Pluronic F68) and fatty acid esterglpéerol (Imwitor 742)*. The above
described non-ionic surfactants do, however, ekhilnumber of disadvantages. For instance,
the commercial non-ionic surfactants availablegioarmaceutical formulators are complex
mixtures of different molecules which make the ph@ceutical characterization of these
products very difficult*. It makes the analytical processes expensiveetidus to ensure
adequate quality of pharmaceutical dosage formga&ant selection should be based on the

toxicology profile of the surfactant, drug solutyilin surfactant, and drug-surfactant
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compatibility. Drug solubility can be measured lglmg a drug into the surfactant while stirring
at room temperature. Semisolid surfactants cameléed to a temperature that is slightly higher
than its melting point before addition of drug. Tdwubility of water insoluble drugs can be
enhanced by adding a co-surfactant. Physical aechickal compatibility of water insoluble

drugs with surfactant should be tested before usimtactant,

Surfactant selection on the basisof HLB

The diverse and multifunctional role of surfactamt emulsion systems makes their
application in developing pharmaceutical dosagméodifficult and empirical at best
Although Bancroft in 1913 recognized the role & #mulsifier on the type of emulsion formed,
it was not until 1949 when Griffin introduced thencept of HLB (hydrophilic lipophilic
balance); and then subsequently by 1950s formulatdro used the HLB system to characterize
surfactants in a manner that was relevant to faatinrf>?° The HLB scale provides a scale of
hydrophilicity (0-20) and is based on the relagpezcentage of hydrophilic to lipophilic
(hydrophobic) groups in surfactant molecule; timspified emulsifier selection and blendifg
Surfactants with a low HLB<(6) tend to provide more stable water-in-oil (wétgble emulsion
and those with high HLB>(8) provide more stable oil-in-water (o/w) emulsofor an O/W
emulsion droplet the hydrophobic chain residefiendil phase whereas the hydrophilic head
group resides in the aqueous phase. For a W/O amulsoplet, the hydrophilic group(s) reside

in the water droplet, whereas the lipophilic grougside in the hydrocarbon phase.
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HL B values and activity of surfactants

HLB Range Application
1-3 Antifoaming
3-6 W/O emulsifier
7-9 Wetting agent
8-18 O/W emulsifier
13-16 Detergent
15-20 Solubilizers

Approximation of HLB for the surfactants not debed by the HLB scale developed of Griffin

can be made by their water dispersible charactesiza

HLB values and water dispersibility

HLB Range Water Dispersibility
1-4 Not dispersible
3-6 Poor dispersion
6-8 Milky dispersion only after vigorous agitation
8-10 Stable Milky Dispersion
10-13 Clear dispersion
>13 Clear solution

While using Griffins HLB system it is important tmderstand that the HLB system has a

few limitations. The nature of immiscible phaseheo adjutants, emulsifier concentrations,
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phase volume, temperature and processing methadsntuence the HLB systefn The
calculated HLB doesn’t consider the effect of terapigre or additives. Salting in or out the
surfactant by using NaCl, will make the molecukssl@ydrophilic thus one can expect a higher
HLB compared to the one calculated using GriffiHEB system. Emulsion stability affected by
rheological behavior is not accounted for by theBHElationships. In fact emulsion stability
may be unrelated to HLB value, since, for instastedle O/W emulsions can be prepared
throughout the wide range of HLB value(to > 17). Direct calculation of HLB values is only

applicable to non-ionic surfactants.

Surfactant toxicity

Surfactants act as a solubilizers, stabilizersylsifters and wetting agents. They can also
cause toxicity if not used in the proper concemratOne of the very first studies during the
1960s, explored the effects of different surfactgpes on mouse Gl muco&a Significant
pathological changes were observed following expotuionic surfactants but not with non-
ionic surfactants. Non-ionic and anionic surfactamére less toxic than cationic surfactants.
After Gl absorption, surfactants are metabolizgudigt and metabolites are excreted in the urine
and feces. Most metabolic activity takes placédeliver. Food additive surfactants such as
polysorbate 60, 80 greatly affected rat intestmatosa. Topical application of surfactants may
cause irritation. Regardless of routes of admiaigin, there is no surfactant that is 100% safe,
however administration of low levels of surfactaist&RAS (Generally Recognized As S&fe)
The use of high levels of surfactants in solid destorms rarely practical and as a result they

may not exert any toxic reactions.
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Futureinvestigation and prospects

There are reports exploring new ways to applyastiaiht science to pharmaceutical drug
delivery®. Although the field of dual surfactant systemkeis studied, mixed surfactant systems
(dual surfactants) are of great theoretical imparéaand interesf. It can be speculated that the
tendency of the aggregated structure to form intgwi containing mixed surfactants would be
substantially different from that of the singlefaatant and this could be used in drug delivery
applications. Using non-ionic surfactants, it méode possible to use niosomes for
pharmaceutical drug delivey. Niosomes are non-ionic surfactant vesicles obthion
hydration of synthetic nonionic surfactartsNiosomes can be formed with or without
incorporation of cholesterol or other lipitfs Niosomes are vesicular systems similar to
liposomes that can be used as carriers of amplug@mtl lipophilic drugs. Niosomes are
promising vehicles for drug delivery and being nonic; are less toxic and may improve the
therapeutic index of drugs by restricting actionamet cells as in the cases of liposomal drug
delivery. In the future it may be possible to depedrtificial bio-surfactants from bacteria in the
laboratory. Bio-surfactants are similar to chemsatfactants and could be applied to many
scientific and industrial usésThere are also studies being conducted to usedital
surfactants such as obtained from mammalian orgacis as lung surfactants for use in drug

delivery applicationg”.
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CHAPTER 3
INFLUENCE OF DIFFERENT COMBINED HYDROPHILIC-LIPOPHILIC BALANCE
(CHLBS) OF DUAL SURFACTANT SYSTEM ON FORMULATION PROPERTIES OF
THEOPHYLLINE LOADED ETHYL CELLULOSE MICROSPHERES FOR ORAL SOLID

DOSAGE FORMS.

Research Paper to be submitted to the Journal of Microencapsulation
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Abstract: The purpose of this study was to evaluate the effects of different combined
hydrophilic-lipophilic balance (CHLBSs) of dual surfactant system on different physical
formulation parameters and the in vitro release of ethyl cellulose microspheres. Microspheres
containing theophylline were prepared at different CHLBs using different combinations of
dual surfactants in an emulsion-solvent evaporation process that used light mineral oil as the
external phase with acetone as the internal phase. The effects of CHLBs of dual surfactants
yield, particle size distribution, geometric mean diameters, initial drug release, and drug
release characteristics of the microspheres were evaluated. The in vitro drug release from the
microspheres was studied using simulated intestinal fluid (pH 6.8, 37° C) containing 0.1%
Tween 20 but no enzymes. The geometric mean diameter of the microsphere batches
decreased with an increase in CHLB. The dissolution rate and initial drug release from the
microsphere batches increased with an increase in CHLB. According to scanning electron
microscopy observations, microspheres prepared with dual surfactants showed well-formed
spherical particles with solid interiors. This particulate system, in which the microsphere
matrix is a hydrophobic polymer, and the release rate can be modulated by the ratio of dual

surfactants is a promising formulation system for drug delivery.

Keywords: Dual surfactants, ethyl cellulose, microspheres, emulsion solvent evaporation,

drug release
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Introduction

In controlled release drug delivery systems, the drug is released at controlled rates for
long periods of time, ranging from hours to months *. Controlled drug delivery can be
achieved by polymeric microspheres due to their ability to encapsulate a variety of drugs,
biocompatibility, high bioavailability and sustained drug release characteristics ** .
Microsphere characteristics including particle size is crucial in designing a controlled drug
delivery system. Various formulation and processing parameters affect the microsphere
characteristics and thus drug release °.

Theophylline cannot be loaded efficiently in microspheres prepared with o/w
emulsion systems because a significant amount of drug is lost in the external phase °. Many
factors affect the characteristics of microspheres such as type and molecular weight of the
polymer, the core drug particle size, the drug to polymer ratio, drug solubility in the polymer,
mixing intensity, and polymer phase viscosity *"*°. There are reports that the emulsifying
agent (surfactant) also affects the characteristics of polymeric microspheres ***2.

The task of selecting a suitable surfactant as an emulsifier for a particular system
often involves a great deal of experimentation. The hydrophile-lipophile balance (HLB)
system introduced by Griffin is based on the hydrophilic-lipophilic balance of a surfactant *
> This HLB system can be used to select the surfactant for optimum efficiency *°. A low and
a high HLB surfactant can be blended together in order to stabilize emulsion at a particular
HLB known as required or combined HLB (CHLB).

Many investigators reported the application of a single surfactant like Span 80, Span
85, aluminum stearate, or magnesium stearate for stabilizing the emulsion to prepare
microspheres 6%

Based on the literature, the tendency of the aggregated structure to form in solution

containing mixed surfactant would be substantially different than that from a single
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surfactant. Based on this premise the aim of this research was to study the effects of using
dual surfactants (one with a high HLB and another with a low HLB) at different CHLBSs on
physical and drug release characteristics of ethyl cellulose microspheres prepared by the with

emulsion-solvent evaporation method.

Experimental
Materials

The following chemicals were used: Ethyl cellulose (Scientific Polymer Products,
New York), micronized theophylline (Gift sample from BASF), light mineral oil (Central
scientific store, UGA, Athens, GA), Span 65, Tween 40, Brij 58 (Ruger Chemical Company
Inc., Irvington, NJ), methylene chloride (Fisher Scientific, NJ), acetone, monobasic
potassium phosphate and sodium hydroxide (J.T. Baker, Phillipsburg, NJ).
Instruments

The following instruments were used: Stirrer (Lab Stirrer LR 400D, Yamato
Scientific Company Ltd., Tokyo, Japan), Dissolution Apparatus Il USP (Dissolution Test
system 5100, Distek Inc., North Brunswick, NJ and Prolabo dissolution), Aquamate (UV
Spectrophotometer, Thermo Electron Corporation, Mercer’s Row, Cambridge, UK), Accumet
5 pH meter (Fisher Scientific, NJ) and, USP Standard sieve series for PSD studies.
Preparation of microspheres

The preparation of ethyl cellulose microspheres containing theophylline was
accomplished by the emulsification-solvent evaporation method in a 1 L tall glass beaker. For
the preparation of all the different batches of microspheres, experimental conditions were
kept identical. Light mineral oil (300 ml) containing the low HLB surfactant was used as an
external or continuous phase (phase A). In a separate glass vessel, a 5 % solution of ethyl

cellulose in acetone was prepared (phase B). Micronized anhydrous theophylline was
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dispersed in phase B to give a 33% theoretical drug loading (1 part theophylline to 2 parts
ethyl cellulose). The entire contents of this vessel (phase B) were added into the glass beaker
containing a solution of light mineral oil and a low HLB surfactant (phase A) under vigorous
agitation. Agitation was continued until the acetone evaporated and the microspheres were
firm. The major part of the mineral oil was decanted from the microspheres which were then
placed on a filter and washed with mineral spirits to remove the residual light mineral oil.
The clean microspheres were dried in an oven at 50°C overnight.
Particle size distribution

The size distribution of microspheres was determined by sieving the microspheres
through a set of standard sieves of range 90-710 um. A pan was placed underneath the sieves
to collect the particles that passed through the last sieve. To perform sieving, the aggregate
sample was placed on the sieve of largest size, covered, and then tapped by hand till no
change in weight was observed in the sieves. Manual checking and brief hand sieving was
done to assure that all particles retained on a sieve were larger than the sieve apertures. After
sieving, the quantity of each fraction of particles was weighed. Particle size distribution and
geometrical mean diameters were calculated.
Determination of Drug loading

The 355 um fraction of each batch of ethyl cellulose microspheres was analyzed for
drug loading. Drug loading was determined spectrophotometrically at 276.5 nm by placing
accurately weighed samples (in triplicate) in 25 ml volumetric flasks and dissolving in
methylene chloride. Spectrophotometric interference from ethyl cellulose was not observed at
this wavelength.
SEM analysis of microspheres

The surface morphology of microspheres was observed by scanning electron

microscope (SEM) using a Zeiss model 1450EP scanning electron microscope. Microspheres
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were mounted onto metal multi-stubs using double-sided adhesive tape and SEM images
were taken at specific magnifications.
In vitro dissolution studies

In vitro release studies of ethyl cellulose microspheres were performed using a USP
dissolution apparatus Il consisted of Distek dissolution tester (Distek Inc.,New Jersey). The
355 um fraction of each batch of microspheres was selected for evaluation. Microsphere
samples in triplicate for each batch were suspended in 900 ml of simulated intestinal fluid
with 0.1% Tween 20, and no enzymes. The dissolution study was carried out at 37+0.5°C at
100 r.p.m for 12-24 hours. Three ml of sample were withdrawn at specific time intervals and
replaced with fresh simulated intestinal fluid medium. The drug released was determined
spectrophotometrically at 274 nm. The dissolution data was evaluated for initial release,
dissolution rate and the mechanism of drug release.
Release kinetics

Data obtained from in vitro release studies were fitted to Higuchi kinetic equations to

find out the mechanism of drug release from ethyl cellulose microspheres %27,

Result and discussion

Theophylline was used as the model drug in this experiment. Theophylline is a
sparingly water soluble drug with a narrow therapeutic index %2, The effects of using dual
surfactants at different CHLBs on the physical and drug release parameters of the model drug
theophylline encapsulated in ethyl cellulose microspheres using emulsion solvent evaporation
method were evaluated.
Microsphere preparation

Ethyl cellulose microspheres were prepared by the emulsion solvent evaporation

method. Microspheres were formed after agitation of the emulsion and evaporation of the
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solvent. It is very important to carefully select the solvent combination that is non-toxic and
pharmaceutically acceptable. We selected acetone as a choice of solvent because it is a
unique organic solvent that is polar and there are reports stating that microsphere formation is
easier in acetone using different approach *. This attribute is an advantage in scaling up at
the industrial level. Initial experiments were performed to optimize the formulation process
and each step of the preparation of microsphere was keenly observed. Dual surfactants used
in this process are presented in Table 3.1 with their respective HLBs and CHLBs. Dual
surfactant combination is expected to have a high disparity for the present emulsion system
by reducing the surface tension at the interface.
Particle size distribution (PSD) and geometric mean diameter (GMD)

The microspheres prepared with a single surfactant such as Span 65, Tween 40 and
Brij 58 showed variations in the GMD, as shown in Figure 3.2. Microsphere prepared with
the single surfactant Span 65 showed lower GMD compared to the microspheres prepared
with the single surfactant Tween 40. Application of the single surfactant Brij 58 showed the
lowest GMD. When the Span 65 and Tween 40 served as dual surfactants, we noticed change
in the GMD of microspheres. The GMD of microspheres prepared with dual surfactants
(Span65 and Tween 40) was lower compared with the GMD of microspheres prepared with
single surfactant Tween 40 alone (Figure 3.1 and 3.2). Microspheres prepared from Tween 40
alone showed some fused particles when observed under microscope. This might have caused
an increase in the GMD of microspheres. During emulsification process dual surfactants
(Span 65 and Tween 40) would have produced a strong interfacial film ultimately producing
more separated microspheres. We attempted to separate the aggregated microspheres
prepared with Tween 40 alone, by applying a rubbing pressure using a wooden spatula. We
observed that the likelihood of aggregation increased as the mean diameter of the

microspheres decreased. Adding surfactant aids in to maintain a monodispersed emulsion and
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thus helps separation of the microspheres. Surfactant typically provides a short-range
repulsion or disjoining pressure that prevents droplet coalescence and more separated
microspheres are formed. We expect this effect to occur with microspheres prepared using
dual surfactant versus single surfactant. At different CHLBs ranging from 4.5 to 7.5 the dual
surfactants Span 65 and Tween 40, appear to influence the geometric mean diameter (GMD)
of the microspheres, as shown in Figure 3.1. An increase in the CHLBs of dual surfactants
from 4.5 to 7.5 reduced the GMD of microspheres for respective batches. Incorporation of
dual surfactants decreased the particle size of microspheres at different CHLB levels. This
reduction of the mean particle size may be attributed to the presence of surfactants at the
interface of phases in emulsion, which facilitates the formation of smaller emulsion droplets
that is dependent on the HLB value and thereby reducing the size of the final microspheres.
As shown in figures 3.3 and 3.4, the particle size distribution (PSD) was varied
significantly for single and dual surfactant microspheres. Microspheres prepared using the
single surfactant Tween 40 showed one sided skewed PSD with the majority of the particles
in 710um fraction. Brij 58 showed most particles in the size 125 um fraction. Span 65
showed a bimodal distribution with particles in both the 710um and 355um fractions. This
irregular PSD of microspheres was not observed when dual surfactants were used.
Microspheres developed using dual surfactant; showed the PSD range mostly in the 355 pum
fraction for all the CHLBs. We also observed that the percentage of particles in the 710um
and 500um fractions was decreased with an increase in the CHLB level of dual surfactants.
With an increase in CHLB from 4.5 to 6.5 we noted an increase in the particles in 355 um
fraction. The particles with the 7.5 CHLB were found with highest percentage in the 125 um
fraction compared to other CHLBs. These changes may be attributed to the stabilization of

the emulsion that was expected to occur with the increase in CHLB. Thus coalescence is
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retarded, leading to smaller microsphere particle size, especially in cases of using dual
surfactants.
Scanning electron microscopy (SEM) analysis

The SEM micrographs of microspheres prepared from single as well as dual
surfactants are shown in Figure 3.13 to 3.19. Microspheres with the single surfactant in
the preparation procedure were spherical and denser structure (Figure 3.13 to 3.15). Using
dual surfactants at different CHLBs strongly affected microsphere morphology and resulted
in less dense microsphere with wrinkled surfaces (Figure 3.16. and 3.19). This may be
attributed to stabilization of the emulsion and thus formation of more uniform droplet
dispersion in oil phase, which after solidification could lead to a more porous structure.
Studying the effect of dual surfactants on surface morphology revealed that by using dual
surfactants at certain CHLBs, a less dense matrix structure could be formed.
Drug loading

As seen in Table 3.2, the drug loading studies of the 355 pum fractions of the
microsphere batches revealed that there was no significant difference between the drug
loadings with the change in most CHLBs. At 6.5 CHLB the drug loading was higher than at
all other CHLBs. The single surfactant Span 65 had increased drug loading compared to dual
surfactants (Table 3.2). These batches were prepared with 33% theoretical drug loading. We
observed that none of the microsphere batches has drug loading more than the theoretical
drug loading. This indicates that there is less air trapped in the microsphere while preparation
and this is desired in pharmaceutical preparation.
In vitro drug release behavior

The in vitro release profiles of ethyl cellulose microspheres are depicted in figure 3.5
and 3.6. The microspheres produced with dual surfactants (Span 65+Tween 40) showed

differences in release profiles at different CHLBs (Figure 3.5). Theophylline release was
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effectively increased with the dual surfactants formulations, while the single surfactant
retarded the drug release in most of the formulations. Microspheres made using the dual
surfactants exhibited adequate controlled-release profiles in all CHLB formulations. The
effects of the dual surfactants on the tsq release are shown in Figure 3.7. The tso drug release
was effectively increased with an increase in CHLB. The tso drug release is a time taken by
50% of the drug to release from the dosage form. Microsphere prepared with different single
surfactants also showed different effects on the tso drug release. The single surfactant, Tween
40, formulation showed a lower tsq than the single surfactant Span 65. The drug release
mechanism is naturally influenced by many factors such as the presence and the location of
drug and surfactant molecules in the microsphere particle. The possible sites of location of
the surfactant molecules could be either on the surface of the microsphere, within the matrix
isolated from the interior environment or within the microsphere but connected with its outer
surface possibly by means of channels. As discussed earlier, the microspheres prepared with
the single hydrophobic surfactant, Span 65, had the slowest release. When the hydrophobic
surfactant Span 65 that has low HLB is combined with the hydrophilic surfactant Tween 40
that has high HLB, the increased dissolution rate was noted. This is because the hydrophilic
surfactant may dissolve in the polymer solution in the polar solvent phase and trapped in the
microspheres. In the dissolution process the hydrophilic surfactant dissolves in the aqueous
dissolution medium and thus facilitates medium entry into the system. The amount of
hydrophilic surfactant is greater with an increase in CHLB formulations. Therefore the
amount of hydrophilic surfactant in the microsphere matrix also increases and that causes the
increased dissolution rate as shown in Figure 3.5. Other factors such as the effect of
surfactant as a solubilizer might also increase the drug dissolution and this effect is increased
with dual surfactants system. We have observed slower dissolution rates with the

microspheres prepared with the single surfactants. This could be due to some of the single
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surfactant collecting at the interface of the polar phase droplets and the external mineral oil
phase causing a slow release of the drug. Single surfactant may not be as effective as dual
combination in solubilizing the drug. The hydrophilic surfactants if remained on the
microsphere surface may not allow the drug to come easily in dissolution medium and slow
down the release.
Initial drug release

Figure 3.7 shows the initial drug release of dual surfactants at different CHLBs. The
initial drug release percent within the first 30 minutes is analyzed for the microspheres
fraction of 355 pum size. In the case of 4.5 CHLB, the initial drug release was lowest amongst
all CHLBs. The highest initial drug release was for 7.5 CHLB amongst all CHLBs. The
increased hydrophilic surfactant concentration that occurs when CHLB was increased
affected the initial drug release. There seems to be an increased solubilizing effect because of
increased in CHLB.
Drug release kinetics

Figures 3.8 and 3.9 depict the drug release kinetics. The solvent evaporation method
usually develops non-porous or relatively less porous microsphere in which drug is
distributed homogenously throughout the polymeric matrix. The release from such a matrix is
either by erosion or by diffusion . The release can be described by explained by three stages
i-e initial diffusional release from the superficial region of microsphere, followed by slower
release by a polymer hydrolysis and then finally a rapid release resulting from a polymer
erosion. Our current study is not dependent on the chemical or physical erosion of the
polymer. The release occurs by the diffusion through the pores. Higuchi equation analysis for
spherical matrices indicated that the drug release from the microspheres was primarily by

diffusion (Table 3.3).
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Conclusion

The CHLBs of dual surfactants play an important role on the physical characteristics
and drug release behavior of microspheres prepared by the emulsion solvent evaporation
method. The different CHLB values of dual surfactants have shown that the different effects
on physical as well as drug release properties of microspheres etc. We noted a decrease in the
geometric mean diameter of the microsphere batches with an increase in CHLB. There was a
high initial drug release in the microspheres prepared with the dual surfactants. We noted an
increase in the initial drug release with an increase in CHLB. The in vitro drug release was
altered by the dual surfactants. The release was faster in the dual surfactant prepared at 7.5
CHLB compared to other CHLBs. The drug release was slowest in microspheres prepared
with dual surfactant at 4.5 CHLB compared to other CHLBs. We also noted that with the
single surfactant, the drug release was slow. The release kinetics showed a diffusion type of

release from dual surfactant microsphere.
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Table 3.1. Different dual surfactant combinations with HLB and CHLBSs.

Surfactants used CHLB or HLB Effective ratio

Span 65
(HLB=2.1)
+ 4.5 82:18

Tween 40
(HLB=15.6)

Span 65
(HLB=2.1)
+ 55 77:23

Tween 40
(HLB=15.6)

Span 65
(HLB=2.1)
+ 6.5 67:33

Tween 40
(HLB=15.6)

Span 65
(HLB=2.1)
+ 7.5 60:40

Tween 40
(HLB=15.6)

Span 65 2.1 100
(HLB=2.1)

Tween 40
(HLB=15.6)

15.6 100

Brij 58
(HLB=15.7)

15.7 100
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Table 3.2. Effect of 355 um fractions of microspheres prepared at different CHLBs using
dual surfactants on actual drug loading.

Surfactants used CHLB Actual drug loading (%)

Span 65
(HLB=2.1)
+ 4.5
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 55 21.90 £ 0.42
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 6.5 25.47 £1.83
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 75 22.52 £ 0.46
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)

21.62 +1.64

2.1 22.58 +0.46

Tween 40

= +
(HLB=15.6) 156 31.70 £ 1.73

~ "
(HEgj_ig ) 15.7 27.86 + 0.86
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Table 3.3. Higuchi equation regression analysis of different microsphere batches of single
and dual surfactants.

Surfactants used CHLB or HLB Higuchi equation
regression R?

Span 65
(HLB=2.1)
+ 4.5 0.9636
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 55 0.9860
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 6.5 0.9881
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 75 0.7669
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)

2.1 0.8369

Tween 40

(HLB=15.6) 15.6 0.9695

Brij 58
HLB=15.7
( 57) 15.7 0.9285
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Figure 3.1. Effect of different CHLBs on geometric mean diameter of microsphere batches
prepared with dual surfactants (Span65+Tween40).
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Figure 3.2. Effect of different HLBs on geometric mean diameter of microsphere batches
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with dual surfactants (Span 65+Tween 40) at t50.

88



wn

0 % (hrs)

15

N\

Span B3 Tween 40 Brij 58
Single surfactant

Figure 3.10. Effect of different HLBs on the dissolution rate of microsphere batches prepared
with different single surfactants at t50.
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Figure 3.11. Effect of different CHLBSs on the dissolution mechanism (Higuchi equation) of
microsphere batches prepared with dual surfactants (Span 65+Tween 40).
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Figure 3.12. Effect of different CHLBSs on the dissolution mechanism (Higuchi equation) of
microsphere batches prepared with different single surfactants.
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Figure 3.13. Scanning electron micrograph of microspheres prepared with single surfactant
Span 65 (HLB 2.1).
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Figure 3.14. Scanning electron micrograph of microspheres prepared with single surfactant
Tween 40. (HLB 15.6)
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Figure 3.15. Scanning electron micrograph of microspheres prepared with single surfactant
Brij 58. (HLB 15.7)
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Figure 3.16. Scanning electron micrograph of microspheres prepared with dual surfactants
(Span 65+Tween 40) at 4.5 CHLB.
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Figure 3.17. Scanning electron micrograph of microspheres prepared with dual surfactants
(Span 65+Tween 40) at 5.5 CHLB.
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Figure 3.18. Scanning electron micrograph of microspheres prepared with dual surfactants
(Span 65+Tween 40) at 6.5 CHLB.
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Figure 3.19. Scanning electron micrograph of microspheres prepared with dual surfactants
(Span 65+Tween 40) at 7.5 CHLB.
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CHAPTER 4

CHEMICAL STRUCTURE-ACTIVITY RELATIONSHIP OF NON-IONIC DUAL
SURFACTANTS USED IN PREPARATION OF ETHYL CELLULOSE MICROSPHERES
WITH DIFFERENT PHYSICAL AND DRUG RELEASE FORMULATION

PARAMETERS.
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Abstract

The objective of this study was to evaluate the chemical structure-activity relationship of
polysorbate based and alkyl-ether based non-ionic dual surfactants on different formulation
properties of ethyl cellulose microspheres. Microspheres containing theophylline were
prepared at different combined HLBs (CHLBS) by using different combinations of dual
surfactants. Surfactants with similar or closely matching HLB values but with different
chemical-structure including sorbitan tristearate (STE) with HLB 2.1, polyoxyethelene
sorbitan monopalmitate (POE-SM) with HLB 15.6, and polyoxyethylene cetyl ether (POE-
CE) with HLB 15.7 were selected. The emulsion-solvent evaporation process with an
acetone/light mineral oil system was used to produce microspheres. The microspheres
produced were spherical, discrete and free-flowing. The geometric mean diameter of the
microspheres decreased with the change in chemical-structure of dual surfactant
combinations from POE-SM to POE-CE. The dissolution rate and initial drug release in the
microsphere batches increased with an increase in CHLB. The initial drug release was higher
with the dual surfactant combination STE+POE-CE compared with STE+POE-SM.
Microspheres prepared with dual surfactants STE+POE-SM, were well-formed spherical
particles with solid interiors. Microspheres prepared with STE+POE-CE surfactants were
well-formed spherical particles with more porous structures. All batches demonstrated
diffusion type of drug release. We conclude that the chemical structure of non-ionic dual
surfactants could play an important role to alter physical, and drug release characteristics of

ethyl cellulose microspheres to modify drug delivery properties of microspheres.

Keywords: Dual surfactants, polysorbate, alkyl ether, ethyl cellulose microspheres, drug
release.

(Total words: 225)
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Introduction

Polymeric microspheres are ideal vehicles for many controlled delivery applications
due to their ability to encapsulate a variety of drugs, biocompatibility, high bioavailability,
and rugged nature *. The therapeutic agents may be released from such microspheres for long
periods of time, ranging from hours to months %2, Drug release can be tailored and
compliance can be increased by using such a system. Various formulation factors can affect
microsphere characteristics such as type and molecular weight of the polymer, core drug
particle size, drug to polymer ratio and drug solubility . In the emulsion-solvent
evaporation process, emulsifying agents stabilize the emulsion by accumulating at the polar-
non-polar interface to reduce the interfacial tension and thus can affect the properties of the
resultant drug dosage forms 2.

The classical useful HLB (Hydrophile-Lipophile Balance) values of non-ionic
surfactants devised in 1949 by Griffin have been widely used to indicate the balance between
these hydrophilic and hydrophobic parts. Selection of such surfactants for a specific
application mostly depends on their hydrophilic-lipophilic balance (HLB) values. Non-ionic
surfactants may have similar or close HLB values, however may have different chemical
structures. For example, a non-ionic surfactant type such as Brij 58, chemically known as
‘polyoxyethylene-(20)-cetyl ether’ (POE-CE), has an HLB value of 15.7. Another non-ionic
surfactant Tween 40, a palmitic acid ester chemically known as ‘polyoxyethelene sorbitan
monopalmitate’ (POE-SM) has an HLB value of 15.6 It would be expected from Griffin’s
HLB scale that these two surfactants would have similar surfactant effects on emulsion
systems because they have similar HLBs.

It could be observed from research literature that the hydrophilic—lipophilic balance
(HLB) alone is not always a reliable predictor for a particular application of surfactants, since

the size and shape of both the alkyl chain and the polar group influence different properties
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and thus the results of their applications ’. Even if the HLB is the same, a surfactant with a
different chemical structure may result in a different interfacial tension, altered micelle
formation, altered wetting ability, and dispersion of solids. When used in the emulsion-
solvent evaporation process, the length and nature of the hydrophobic group, branching or
unsaturation in the hydrophobic group, the nature of the hydrophilic group and its position in
the molecule may affect the ethyl cellulose microsphere formation and its characteristics.
Non-ionic surfactants may be classified into four major classes, polysorbate based, alkyl ether
and ester based, alkyl phenols based and polyxamer based.

The widespread interest in microencapsulation of drugs brought forth the need to
prepare such micro-particles in larger quantities and in sufficient desired quality suitable for
further use. Our approach was to study the chemical structure-activity relationship of the dual
surfactants on the properties of microspheres prepared using the emulsion solvent
evaporation method. Theophylline, a model drug in this study, is reported as a sparingly
water soluble drug with a narrow therapeutic index ®°

The present study was undertaken to study the chemical structure-activity relationship
of polysorbate based and alkyl-ether based non-ionic dual surfactants to the various
formulation parameters of ethyl cellulose microspheres prepared with the emulsion solvent
evaporation method. The non-ionic surfactants used in this study were polyoxyethelene
sorbitan monopalmitate (POE-SM) and polyoxyethylene-(20)-cetyl ether (POE-CE). POE-
SM is polysorbate based and POI-CE is alkyl-ether based. POE-SM has a HLB OF 15.6 and

POE-CE has a HLB of 15.7.
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Experimental
Materials

The following chemicals were used: Ethyl cellulose (Scientific Polymer Products,
New York), micronized theophylline (gift sample from BASF), light mineral oil (Ruger
Chemical Company Inc., Irvington, NJ), Sorbitan tristearate (STE), Polyoxyethelene sorbitan
monopalmitate (POE-SM), Polyoxyethylene-(20)-cetyl ether (POE-CE) (Ruger Chemical
Company Inc., Irvington, NJ), methylene chloride (Fisher Scientific, NJ), acetone, monobasic
potassium phosphate and sodium hydroxide (J.T. Baker, Phillipsburg, NJ).
Instruments

The following instruments were used: Stirrer (Lab Stirrer LR 400D, Yamato
Scientific Company Ltd., Tokyo, Japan), Dissolution Apparatus Il USP (Dissolution Test
system 5100, Distek Inc., North Brunswick, NJ and Prolabo dissolution), Aquamate (UV
Spectrophotometer, Thermo Electron Corporation, Mercer’s Row, Cambridge, UK), Accumet
5 pH meter (Fisher Scientific, NJ) and, USP Standard sieve series for PSD studies.
Preparation of microspheres

The preparation of ethyl cellulose microspheres containing theophylline was
accomplished by the emulsification-solvent evaporation method in a 1 L, tall glass beaker.
For preparation of all batches, experimental conditions were identical. Light mineral oil (300
ml) containing the low HLB surfactant such as sorbitan tristearate (STE) was used as the
external or continuous phase (phase A). In a separate glass vessel, a 5 % solution of ethyl
cellulose in acetone and the high HLB surfactant, polyoxyethelene sorbitan monopalmitate
(POE-SM), was prepared (phase B). Micronized anhydrous theophylline was dispersed in this
solution to give a 33% theoretical drug loading (1 part theophylline to 2 parts ethyl cellulose
by weight). Subsequently, the entire contents of this vessel (phase B) were added into the

glass beaker containing the solution of light mineral oil and low HLB surfactant (phase A)
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under vigorous agitation. Agitation was continued until the acetone evaporated and the
microspheres were firm. The microspheres were allowed to settle to the bottom of the
container and most of the mineral oil was decanted. Microspheres were separated from the
remaining oil by filtering and washing with mineral spirits to remove the residual light
mineral oil. The clean microspheres were then dried in an oven at 50°C overnight. Dual
surfactants used in this process are listed in Table 4.1 with their respective HLBs. Figures 4.1
and 4.2 show the chemical structures of these surfactants.
Particle size distribution

The size distribution of microspheres was determined by sieving through a set of
standard sieves ranges from 90-710um. A pan was placed underneath the sieves to collect the
particles that were small enough to pass through the last sieve. To perform sieving, the
aggregate sample was placed on the sieve of largest size, covered, and then tapped by hand
until no change in weight was observed in the sieves. After sieving, the quantities of each
fraction of particles were measured by weighing. Particle size distribution and geometric
mean diameter were calculated using methods in literature.
Determination of Drug loading

The 355 um fraction of each batch of ethyl cellulose microspheres was used for all
studies including drug loading. Accurately weighed samples of microspheres (in triplicate)
were placed in 25 ml volumetric flasks and dissolved in methylene chloride. Drug
concentration in the methylene chloride solution was then determined spectrophotometrically
276.5 nm. Spectrophotometric interference was not observed at this wavelength with ethyl
cellulose microspheres that did not contain drug.
SEM analysis of microspheres

The surface morphology of microspheres was examind by scanning electron

microscope (SEM) using the Zeiss model 1450EP SEM. Microspheres were mounted onto
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metal multi-stubs using double-sided adhesive tape and SEM images were taken at the
magnification shown on the photos.
In vitro dissolution studies

In vitro release studies of ethyl cellulose microspheres were performed using USP
dissolution apparatus Il (Distek Inc., New Jersey) at 100 r.p.m. using the paddle method as
described in USP 31. The 355 um fraction of each batch of microspheres was selected for
evaluation. Microsphere samples in triplicate for each batch were suspended in 900 ml of
simulated intestinal fluid with 0.1% Tween 20, and no enzymes. The dissolution study was
carried out at 37+£0.5°C at 100 r.p.m for 12-24 hours. Three ml of sample was withdrawn at
specific time intervals and replaced with fresh simulated intestinal fluid medium. The drug
released was determined spectrophotometrically at 274 nm. The dissolution data was
evaluated for initial release, dissolution rate and the mechanism of drug release.
Release kinetics

Data obtained from in vitro release studies were fitted to Higuchi kinetic equations to

help determine the mechanism of drug release from ethyl cellulose microspheres.

Results and discussion
Particle size distribution (PSD) and geometric mean diameter (GMD)

The microspheres prepared with dual surfactant combination of sorbitan tristearate
(STE) with polyoxyethelene-(20)-sorbitan monopalmitate (POE-SM) showed variations in
the GMD at different CHLBSs, as shown in Figure 4.3. Combination of STE+POE-SM dual
surfactants, showed decreased in the GMD with an increase in CHLB. The GMD was highest
at 4.5 CHLB and lowest at 7.5 CHLB (Figure 4.3). The microspheres prepared with dual
surfactant combination of sorbitan tristearate (STE) and polyoxyethylene-(20)-cetyl ether

(POE-CE) showed variations in GMD as well (Figure 4.3).
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STE+POE-CE dual surfactants, showed decreased GMD with an increase in CHLB |
from 4.5 to 6.5 CHLB. No difference was noted with the microspheres prepared with 6.5 and
7.5 CHLB. The GMD was highest at 4.5 CHLB and lowest at 6.5 CHLB (Figure 4.3).
Microspheres prepared with dual surfactant combinations of STE+POE-CE showed lower
GMD compared to the microspheres prepared with dual surfactants combination of STE+
POE-SM. Dual surfactants STE+POE-CE would have produced a strong interfacial film
while emulsification process that resulted in more separated microspheres and a lower GMD.
The STE+POE-CE would have caused more monodisperse emulsion that resulted in more
separated microspheres. Strong short-range repulsion or disjoining pressure caused by POE-
CE when combined with STE might have prevented droplet coalescence and more separated
microspheres are resulted. We found that the chemical structure of surfactant thus affects the
GMD regardless of their similar HLB value. It appears that incorporation of dual surfactants
with different chemical structures (POE-CE and POE-SM) decreased the particle size of
microspheres at different CHLB levels.

As shown in Figures 4.4 and 4.5, the chemical structure of surfactants affects the
particle size distribution of microspheres when used in dual surfactant combinations.
Microspheres developed using dual surfactants (STE+POE-SM) showed the particle size
distribution range mostly in 355 pum fraction for all the CHLBs (Figure 4.4). We also
observed that the percentage of particles in the 710 um and 500 pum fractions is decreased
with increase in the CHLB level of dual surfactants (STE+POE-SM). The particles in 355 um
fractions were increased with an increase in the CHLB from 4.5 to 5.5 to 6.5. The particles
with 7.5 CHLB were found with the highest percentage in the 125um fraction compared to
other CHLBs. These changes may be attributed to the stabilization of emulsion that occurs
with an increase in CHLB, and thus coalescence is retarded, leading to a smaller microsphere

particle size especially in cases of using two surfactants. Microspheres prepared using dual
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surfactants (STE+ POE-CE) showed a variable range in particle size distribution for all the
CHLBs (Figure 4.5). The percentage of particles in 250 um and 125 um fractions is
decreased with increase in the CHLB level of dual surfactants STE+POE-CE (Figure 4.5).

Overall, lower microsphere particle size (125 to 355 um) was seen in batches
prepared with STE+POE-CE, compared to the microspheres prepared with STE+POE-SM
(250 to 710 pm). These changes were attributed to the solubilization and stabilization of
emulsion by the change in the chemical structure from polyoxyethelene sorbitan
monopalmitate to polyoxyethylene (20) cetyl ether, leading to smaller microsphere particle
size.
Scanning electron microscopy (SEM) analysis

The SEM micrographs of microspheres prepared from dual surfactants STE+POE-SM
are shown in Figures 4.14 to 4.17. The microspheres prepared from dual surfactants
STE+POE-CE are shown in Figures 4.18 to 4.21. Microspheres with dual surfactants
STE+POE-SM were spherical with a less porous structure (Figures 4.14 to 4.17). Dual
surfactants STE+POE-SM at CHLB 4.5, 5.5 and 6.5 strongly affected microsphere
morphology and resulted in dense surface (Figures 4.14 and 4.16). This was attributed to the
stabilization of the emulsion and thus formation of more uniform and dense droplets
dispersion in oil phase. After solidification such dense droplets lead to a more dense surface
structure. Microspheres with dual surfactants STE+POE-CE were spherical with a more
porous structure (Figure 4.18 to 4.21). This porous nature was increased with an increase in
CHLB from4.5t0 7.5.

We found that by using dual surfactants with certain chemical structure such as
polyoxyethylene (20) cetyl ether, at certain CHLB, a denser and porous matrix structure
could be formed compared with using chemical structure polyoxyethelene sorbitan

monopalmitate regardless of their HLB values.
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Drug loading

As seen in Table 4.2, the drug loading studies of the 355 um fractions of the
microsphere batches prepared with STE+POE-SM revealed that there was no significant
difference between the drug loadings with the change in most CHLBs. At 6.5 CHLB the drug
loading was higher than all other CHLBs. Microspheres prepared with STE+POE-CE dual
surfactant combinations showed a reduction in drug loading with an increase in CHLB from
4.5 to 7.5. These batches were prepared with 33% theoretical drug loading. None of the
microsphere batches has drug loading more than the theoretical drug loading. This indicates
that there is less air trapped in the microsphere during the preparation. The drug loading
percent was higher in microspheres prepared with STE+POE-CE dual surfactants compared
with STE+POE-SM dual surfactants. This indicates that the chemical structure of surfactants
play an important role in drug loading irrespective of their HLB value.

In vitro drug release behavior

The in vitro release profiles of ethyl cellulose microspheres prepared by using dual
surfactants are shown in Figures 4.6 and 4.7. The microspheres produced with dual
surfactants STE+POE-SM showed differences in drug release profiles at different CHLBs
(Figure 4.6). Theophylline release was effectively increased with an increase in CHLB of the
dual surfactant combination STE+POE-SM. These microspheres exhibited adequate
controlled-release profiles in all CHLB formulations.

The microspheres produced with dual surfactants STE+POE-CE showed differences
in release profiles at different CHLBs as well (Figure 4.7). Theophylline release was
effectively increased with an increase in CHLB of the dual surfactant combination
STE+POE-CE. These microspheres exhibited adequate controlled-release profiles in all
CHLB formulations. Studies on the effects of dual surfactants STE+POE-SM and STE+POE-

CE effect on the tso release (Figure 4.10 and 4.11) showed that the tso drug release was
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effectively decreased with an increase in CHLB. The tso drug release is the time required by
50% of the drug to be released from the dosage form.

The drug release mechanism is influenced by many factors such as the presence and
the location of drug and surfactant molecules in the microsphere particle. The possible sites
of location of the surfactant molecules could be either on the surface of the microsphere,
within the matrix isolated from the interior environment or within the microsphere but
connected with its outer surface possibly by means of channels. In the dissolution process,
the hydrophilic surfactant dissolves in the aqueous dissolution medium and thus facilitates
medium entry into the system. In microspheres the amount of hydrophilic surfactant is greater
with an increase in CHLB formulations that caused increased dissolution rate as seen in
Figures 4.6 and 4.7. Surfactant also worked as a solubilizer that resulted in increased drug
dissolution. This effect has increased with dual surfactants system. We observed
comparatively slower dissolution rate with the microspheres prepared with the dual
surfactants STE+POE-SM. This could be because the chemical structures of surfactant played
a role in slowing the theophylline release. Dual surfactants combination STE+POE-SM may
not be as effective as dual combination of STE+POE-CE in solubilizing the drug.

Initial drug release

Figure 4.8 shows the initial drug release of dual surfactants STE+POE-SM at different
CHLBs. The initial drug release percentage within the first 30 minutes was analyzed for the
microspheres fraction of 355 um. At 4.5 CHLB, the initial drug release was lowest amongst
all CHLBs. The highest initial drug release was for 7.5 CHLB amongst all CHLBs. In
microsphere formulation, the hydrophilic surfactant concentration increases with an increase
in CHLB. There seems to be increased solubilizing effect because of increased in CHLB that

affect the initial drug release.
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Figure 4.9 explains the initial drug release of dual surfactants STE+POE-CE at
different CHLBs. The initial drug release percentage within the first 30 minutes was analyzed
for the microspheres fraction of 355 um. An increase in the initial drug release percent with
an increase in CHLB value was observed. At 4.5 CHLB, initial drug release was lowest
amongst all CHLBs. The highest initial drug release was at 7.5 CHLB amongst all CHLBs. In
general an increased hydrophilic surfactant concentration in microspheres formulation, when
CHLB was increased has affected the initial drug release from microspheres.

It appears that microspheres prepared with dual surfactant combination STE+POE-CE
has greater initial drug release percentage compared to microsphere prepared with
STE+POE-SM. This is due to the change in the chemical structure of the dual surfactants.
There is an increased solubilizing effect because of the change in the chemical structure when
the POE-CE surfactant is used. As discussed earlier, the SEM analysis showed more porous
microsphere prepared with STE+POE-CE dual surfactant combination (Figures 4.18 to 4.21).
Additionally, this porous structure may have contributed to an increased initial drug release
percentage from the microspheres prepared with the STE+POE-CE dual surfactant
combination.

Drug release kinetics

Figures 4.12 and 4.13 depict the drug release kinetics. Usually, the release from the
matrix of the microsphere is either by erosion or by diffusion *****, Drug release occurs in
three stages i-e an initial drug release by diffusion from the superficial region of microsphere,
followed by slower release by a polymer hydrolysis and then finally a rapid release resulting
from polymer erosion. Current study is not dependent on the chemical or physical erosion of
a polymer for the release. The release is by diffusion through the pores. Higuchi equation
analysis for spherical matrices for the microspheres prepared with dual surfactants

STE+POE-SM indicated that the drug release from the microspheres was primarily by
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diffusion (Table 4.3). The microspheres prepared with dual surfactants STE+POE-CE also

showed a diffusion process of drug release.

Conclusion

Chemical structure of surfactant play an important role on physical characteristics and
drug release behavior of microspheres prepared by emulsion solvent evaporation method. We
noted a decrease in the geometric mean diameter of the microsphere batches with an increase
in CHLB for both of the dual surfactant combinations STE+POE-SM and STE+POE-CE. The
range of microsphere size was smaller (125 to 355 um) when prepared with STE+POE-CE
surfactant combinations compared with STE+POE-SM combination (250 to 710 um). There
was a high initial drug release in the microspheres prepared with the dual surfactants
STE+POE-CE compared to STE+POE-SM. We noted an increase in the initial drug release
with an increase in CHLB for both the surfactant combinations STE+POE-SM and
STE+POE-CE. The in vitro drug release was affected by dual surfactants. The release was
faster in the dual surfactant prepared by STE+POE-CE dual surfactant combinations. The
release kinetics showed a diffusion type of release from dual surfactant microspheres. Thus,
we conclude that the chemical structure of surfactants affects different formulation

parameters.
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Table 4.1. Combinations of low HLB sorbitan tristearate (STE) with two high
HLB surfactants of different chemical structures, polyoxyethelene sorbitan monopalmitate
(POE-SM) and polyoxyethylene cetyl ether (POE-CE) to obtain various combined HLBs.

Surfactants used CHLB Effective ratio
with STE (HLB 2.1)
POE-SM
(HLB=15.6) 4.5 82:18
POE-SM
(HLB=15.6) 55 77:23
POE-SM
(HLB=15.6) 6.5 67:33
POE-SM
(HLB=15.6) 7.5 60:40
POE-CE
(HLB=15.7) 4.5 82:18
POE-CE
(HLB=15.7) 55 77:23
POE-CE
(HLB=15.7) 6.5 67:33
POE-CE
(HLB=15.7) 7.5 60:40
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Table 4.2. Effect of different CHLBs and high HLB surfactant chemical type on drug loading

of 355 pum diameter microspheres.

Surfactants used CHLB Drug loading %

POE-SM

(HLB=15.6) > 21.90 +0.42
POE-SM

(HLB=156) 0 2547 +1.83
POE-SM

(HLB=15.6) 4 21.62 + 1.64
POE-SM

(HLB=15.6) & 2252 +0.46
POE-CE

(HLB=15.7) 4 28.94 + 1.97
POE-CE

(HLB=15.7) > 24.49 + 1.39
POE-CE

(HLB=15.7) 6.5 24.15+0.73
POE-CE 22.18 % 0.10

(HLB=15.7) 75
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Table 4.3. Higuchi spherical matrix equation regression analysis of drug release from
microsphere batches prepared using sorbitan tristearate (HLB 2.1) with polyoxyethelene
sorbitan monopalmitate (POE-SM) or polyoxyethylene cetyl ether (POE-CE), surfactants
with different chemical structures.

Surfactants used CHLB Higuchi spherical
with sorbitan matrix equation
tristearate regression R2

(HLB=2.1)
POE-SM 45

(HLB=156) 0.9636
POE-SM

(HLB=15.6) 55 0.9860
POE-SM

(HLB=15.6) 6.5 0.9881
POE-SM

(HLB=15.6) 7.5 0.7669
POE-CE

(HLB=15.7) 4.5 0.9880
POE-CE

(HLB=15.7) 55 0.9533
POE-CE

(HLB=15.7) 6.5 0.9650
POE-CE

(HLB=15.7) 7.5 0.8257
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Figure 4.1. Chemical structure of non-ionic surfactant polyoxyethylene sorbitan
monopalmitate (POE-SM) *2.
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Figure 4.2. Chemical structure of non-ionic surfactant polyoxyethylene-(20)-cetyl ether
(POE-CE) *2.
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Figure 4.3. Comparison of the effect of chemical structure and CHLB on geometric mean
diameter of microspheres prepared with dual surfactants (Sorbitan tristearate and
polyoxyethelene sorbitan monopalmitate (STE+POE-SM), and sorbitan tristearate and
polyoxyethylene-(20)-cetyl ether (STE+POE-SM).
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dual surfactants sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE).
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Figure 4.6. Effect of CHLB on in vitro dissolution studies of microsphere batches prepared
with dual surfactants sorbitan tristearate and polyoxyethelene sorbitan monopalmitate
(STE+POE-SM).
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Figure 4.7. Effect of CHLB on in vitro dissolution studies of microsphere batches prepared
with dual surfactants sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE).
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Figure 4.9. Effect of CHLB on initial drug release of microsphere batches prepared with dual
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Figure 4.10. Effect of CHLB on dissolution tso of microsphere batches prepared with dual
surfactants sorbitan tristearate and polyoxyethelene sorbitan monopalmitate (STE+POE-SM)
at tsp.
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Figure 4.11. Effect of CHLB on dissolution tso of microsphere batches prepared with dual
surfactants sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE).
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Figure 4.12. Effect of CHLB on dissolution mechanism (Higuchi spherical matrix equation)
of microsphere batches prepared with dual surfactants sorbitantristearate and polyoxyethelene
sorbitan monopalmitate (STE+POE-SM).
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Figure 4.13. Effect of CHLB on dissolution mechanism (Higuchi spherical matrix equation)
of microsphere batches prepared with dual surfactants sorbitan tristearate and
polyoxyethylene cetyl ether (STE+POE-CE).
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Figure 4.14. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethelene sorbitan monopalmitate (STE+POE-SM) at 4.5
CHLB.
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Figure 4.15. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethelene sorbitan monopalmitate (STE+POE-SM) at 5.5
CHLB.
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Figure 4.16. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethelene sorbitan monopalmitate (STE+POE-SM) at 6.5
CHLB.
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Figure 4.17. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethelene sorbitan monopalmitate (STE+POE-SM) at 7.5
CHLB.
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Figure 4.18. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE) at 4.5 CHLB.
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Figure 4.19. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE) at 5.5 CHLB.
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Figure 4.20. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE) at 6.5 CHLB.
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Figure 4.21. Scanning electron micrograph of a microsphere prepared with dual surfactants
sorbitan tristearate and polyoxyethylene cetyl ether (STE+POE-CE) at 7.5 CHLB.
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Abstract

Ethyl cellulose microspheres containing theophylline as a model drug were prepared
by the emulsion-solvent evaporation method using acetone as the polymer solvent internal
phase, and mineral oil as the external phase. The influence of preparation temperature on
particle size and morphology, drug content, drug release and kinetics was evaluated. With
increasing preparation temperature from 22°C to 35°C, geometric mean diameter decreased,
and the particle size distribution widened significantly. When the preparation temperature
was increased from 22°C to 35°C, the sphericity of microspheres was improved. Scanning
electron microscope photographs showed that the microsphere particle surface roughness
decreased as preparation temperature increased from 22°C to 35°C. Increasing preparation
temperature from 22°C to 35°C increased the percent drug loading, the initial drug release
rate, and the t50 release time. The release kinetics followed the Higuchi model for release
from the microspheres.
Keywords: Ethyl cellulose, microspheres, preparation temperature, particle size, drug

loading, drug release.

(Total words: 138)
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Introduction

One of the major objectives of drug delivery is sustained release of drugs *. The
success of the sustained release of a drug for a specific duration of time with the optimum
release mode depends on different factors. Such as the pharmaceutical properties of the drug
and the drug-carrier matrix 2. In recent years, microencapsulation by the emulsion-solvent
evaporation method has been widely used for polymeric microspheres preparation for
sustained release drug delivery ®*. The solvent evaporation method is a complex method *.
From the number of studies being conducted all over the world, it is clear that many factors
have been reported to affect the solvent evaporation process >. These factors include polymer
solubility, viscosity, drug solubility, volume and the volume ratio between the inner and outer
phases, the polymer: drug ratio, and the rate of evaporation of solvent.

One of the major issues with the solvent evaporation method is that solvent removal
can become an extensive and time-consuming process involving several hours to days for
complete evaporation of the solvent °. There are reports of studying the effects of preparation
temperature on microsphere formation and characteristics ®’. There are no reports of the
effect of temperature on ethyl cellulose microspheres prepared by using dual surfactants. This
study investigated the effect of processing temperature on ethyl cellulose microsphere
properties using non-ionic dual surfactants, at different combined HLBs (CHLBS).

Theophylline was used as the model drug because it has narrow therapeutics index,
and short elimination half-life in humans ®°. The solvent used for the dispersed phase
solution was acetone, while the continuous phase medium was mineral oil. The microspheres

were characterized by their size, drug loading efficiency and drug release kinetics.
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Experimental
Materials

The following chemicals were used: Ethyl cellulose (Scientific Polymer Products,
New York), micronized theophylline (Gift sample from BASF), light mineral oil (Ruger
Chemical Company Inc., Irvington, NJ), Span 65, Tween 40 (Ruger Chemical Company Inc.,
Irvington, NJ), methylene chloride (Fisher Scientific, NJ), acetone, monobasic potassium
phosphate and sodium hydroxide (J.T. Baker, Phillipsburg, NJ).
Instruments

The following instruments were used: Stirrer (Lab Stirrer LR 400D, Yamato
Scientific Company Ltd., Tokyo, Japan), Dissolution Apparatus Il USP (Dissolution Test
system 5100, Distek Inc., North Brunswick, NJ and Prolabo dissolution), Aquamate (UV
Spectrophotometer, Thermo Electron Corporation, Mercer’s Row, Cambridge, UK), Accumet
5 pH meter (Fisher Scientific, NJ), USP Standard sieve series for PSD studies, Jacketed
beaker (with input and output for water flow), Haake, thermostatted circulator bath Type FJ
(W. Germany), Temperature monitoring system using platinum resistance temperature
detectors (RTD’s) fabricated at the University of Georgia under the direction of Dr. Price.
Preparation of microspheres

For preparation of all batches of microsphere, experimental conditions including
temperature were identical. The preparation of ethyl cellulose microspheres containing
theophylline was accomplished by the emulsification solvent-evaporation method in a 1L tall
jacketed glass beaker. The jacketed beaker had continuous water flow through the jacket from
a controlled temperature water bath. Microsphere batches were prepared at two temperatures
(22°C #1 and 35°C +1). The temperature monitoring system with the computer software was
done with the platinum resistance temperature detectors (RTD) probe immersed in the

emulsion mixture. In phase A, light mineral oil (300 ml) containing the low HLB surfactant
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was used as an external or continuous phase and was placed in a 1 L jacketed glass beaker. In
a separate glass vessel, A 5 % solution of ethyl cellulose in acetone with a high HLB
surfactant was prepared. It is called as phase B. Micronized anhydrous theophylline was
dispersed in this solution to give a desired (33%) theoretical drug loading (1 part theophylline
to 2 parts ethyl cellulose). The entire contents of this vessel (phase B) were added into the
glass beaker containing the solution of light mineral oil and low HLB surfactant (phase A)
under vigorous agitation. Agitation was continued until the acetone was evaporated and the
microspheres became firm. These microspheres were decanted, filtered and washed with
mineral spirits to remove the residual light mineral oil. The clean microspheres were then
dried in an oven at 50°C overnight.
Particle size distribution

The size distribution of microspheres was determined by sieving with a set of
standard sieves ranges from 90-710um. A pan was placed underneath the sieves to collect any
particles that passed through the last sieve. The aggregate sample was placed on the sieve of
largest size, covered, and then tapped by hand until no change in weight was observed in the
sieves. We applied manual checking and brief hand sieving to make sure that all particles
retained on a sieve were larger than the sieve apertures. After sieving, the quantity of each
fraction of particles was measured by weighing. Particle size distribution and geometric mean
diameter were calculated. The 355 pm fraction was used for all drug loading and dissolution
studies.
Determination of Drug loading

Drug loading was determined by placing accurately weighed samples (in triplicate) in
25 ml volumetric flasks and dissolving in methylene chloride. Drug concentration was then
determined by taking absorbance at 276.5 nm. Spectrophotometric interference from the

microsphere polymer was not observed at this wavelength.
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SEM analysis of microspheres

The surface morphology of microspheres was observed by scanning electron
microscope (SEM) using the model Zeiss 1450EP SEM. Microspheres were mounted onto
metal multi-stubs using double-sided adhesive tape and SEM images were taken at specific
magnification.
In vitro dissolution studies

In vitro release studies of ethyl cellulose microspheres were performed using a USP
dissolution apparatus Il (spindle method) (Distek Inc., New Jersey) at 100 rpm using the
paddle method as described in USP 31. The 355 um fraction of each batch of microspheres
was selected for evaluation. Microsphere samples in triplicate for each batch were suspended
in 900 ml of simulated intestinal fluid with 0.1% Tween 20, and no enzymes. The dissolution
study was carried out at 37+0.5°C at 100 r.p.m for 12-24 hours. Three ml of sample were
withdrawn at specific time intervals and replaced with fresh simulated intestinal medium. The
drug released was determined spectrophotometrically at 274 nm. The dissolution data was
evaluated for initial release, dissolution rate and the mechanism of drug release.
Release kinetics

Data obtained from in vitro release studies were fitted to Higuchi kinetic equations to

find out the mechanism of drug release from ethyl cellulose microspheres *°.

Results and discussion
Microsphere preparation

Ethyl cellulose microspheres were prepared by the emulsion-solvent evaporation
method. Microspheres were formed after a series of steps including evaporation of the
solvent. Initial experiments were carried out to optimize the formulation process and each

step of preparation of microsphere was carefully observed. The experimental temperature
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conditions for preparation of microspheres are given in Table 5.1. Dual surfactants used in
this process are listed in Table 5.1 with their respective HLBs and CHLBs. Almost a 50%
reduction in microsphere preparation time resulted when the preparation temperature was
elevated from 22°C to 35°C (Table 5.2). This indicated that the elevated temperature
increased the speed of the evaporation of solvent.

Particle size distribution (PSD) and geometric mean diameter (GMD)

When the microspheres were prepared at 22°C using the Span 65 and Tween 40 as
dual surfactants, an increase in CHLB resulted in a decrease in the GMD (Figure 5.1).
Microspheres prepared at 35°C using the Span 65 and Tween 40 as dual surfactants, also
showed change in the GMD at different CHLBs. With an increase in CHLB from 4.5 t0 5.5
the GMD decreased (Figure 5.1). However no significant effect was observed in the GMD,
when the CHLB was further increased to 6.5. A further increase in CHLB to 7.5 caused an
increase in the GMD of the microspheres with the batches prepared at 35°C (Figure 5.1).

An increase in preparation temperature from 22°C to 35°C led to a decrease in GMD
(Figure 5.1). Microspheres prepared at 35°C showed more free flowing particles when
observed under the microscope. This might have caused increase in the GMD of
microspheres 35°C. Increase in the preparation temperature 22°C to 35°C increases acetone
evaporation. As the acetone leaves, the particles shrink; the polymer congeals and ultimately
becomes solid.

As shown in Figures 5.2 and 5.3, the particle size distribution (PSD) varied
significantly for 22°C and 35°C at different CHLBs. Microspheres developed at 22°C using
dual surfactants showed the particle size distribution range mostly in the 125 pum fractions for
all the CHLBs, while microspheres prepared at 35°C extended to the range of 90 pm. At 22°C

we noted an increase in the percentage of the particles in 355 um fraction for the CHLB from
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4.51t05.510 6.5. The particles with 7.5 CHLB were found with highest percentage in 125um
fraction compared to other CHLBs at 22°C.

The percentage of particles in the 710 um and 595 um fractions decreased with
increase in temperature from the 22°C to 35°C. Smaller average particle size resulted with an
increase in temperature from 22°C to 35°C. The changes in particle size may be attributed to
an increase in the temperature and their effects in the presence of dual surfactants.
Temperature affects the way and the rate at which microspheres form by speeding up the
process of the evaporation of solvent. Hence, it is conceivable that the particle size
characteristics of the microspheres would be affected by preparation temperature.

Scanning electron microscopy (SEM) analysis

The SEM micrographs of microspheres prepared at 22°C using dual surfactants are
shown in Figures 5.11 to 5.14. Microspheres prepared at 22°C were irregularly spherical with
a less porous structure (Figure 5.11 to 5.14). Increasing preparation temperature from 22°C to
35°C affected the surface morphology of microspheres and resulted in improved sphericity,
and a more porous surface (Figures 5.15 and 5.17). An increase in CHLB at 35°C
preparation temperature changed the morphology as well. We observed that the microspheres
were not spherical at the 7.5 CHLB at 35°C. The particles were not completely spherical
because of agglomeration of small microspheres into larger non-spherical units as seen in the
SEM photograph. The change in the SEM appearance from 22°C to 35°C may be attributed to
more rapid evaporation of solvent ultimately allowing less time for agglomeration of soft
particles. Studying the effect of preparation temperature on surface morphology revealed that
increasing preparation temperature from 22°C to 35°C at certain CHLBs, a porous matrix
structure could be formed. The formation of the microsphere skin is often likened to the two

basic processes such as phase separation and precipitation of asymmetric membranes. The
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SEM analysis showed that the high-temperature (35°C) solvent removal results in less
defective membrane skin layer.
Drug loading

As seen in Table 5.3, the drug loading studies of the 355 pum fractions of the
microsphere batches prepared at 22°C revealed that there was no significant difference
between the drug loadings with the change in most CHLBs. At 6.5 CHLB, the drug loading
was higher than all other CHLBs at 22°C. Increase in preparation temperature from at 22°C to
at 35°C increased the drug loading percent with respective CHLBs. These batches were
prepared with 33% theoretical drug loading. We observed that with an increased temperature
to 35°C at CHLB 5.5 and 7.5 the actual drug loading was more than the theoretical drug
loading (Table 5.3). None of the microsphere batches prepared at 22°C had drug loading
greater than the theoretical drug loading at any CHLB levels. With an elevated temperature,
the increase in the drug loading attributed to the rapid solidification of polymer leading to
denser layer resulting in increased drug loading efficiency 2. Many factors affect the fast
solidification of the polymer such as a higher solvent removal rate, higher polymer
concentration or a lower ratio of the dispersed phase to continuous phase DP/CP) ***2 In our
case, the rate of solvent removal had been increased (Table 5.2) however, it didn’t affect the
encapsulation efficiency among the different microsphere batches.
In vitro drug release behavior

The in vitro release profiles of ethyl cellulose microspheres prepared at different
temperatures are shown in Figures 5.4 and 5.5. The microspheres produced at 22°C with dual
surfactants (Span 65+Tween 40) showed differences in release profiles at different CHLBS
(Figure 5.4). With an increase in temperature from 22°C to 35°C, we noted changes in the
theophylline release. Microspheres made at 35°C using the dual surfactants exhibited

adequate sustained-release profiles in all CHLB formulations (Figure 5.5).
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Initial drug release

The initial drug release percentage within the first 30 minutes was analyzed for the
fraction of 355 pum size microspheres batches prepared at 22°C and 35°C. In batches prepared
at the 22°C, the initial drug release was lowest at 4.5 CHLB and the highest drug release was
at 7.5 CHLB (Figure 5.6). In batches prepared at 35°C, the initial drug release was lowest at
4.5 CHLB (Figure 5.7). When the temperature was increased from 22°C to 35°C, the initial
drug release was increased at 4.5, 5.5 and 6.5 CHLB and decreased at 7.5 CHLB.
tso drug release

Studies on the 22°C preparation temperature on the tsq release as shown in Figure 5.8
showed that the tso drug release was effectively increased with an increase in CHLB. Studies
on 35°C preparation temperature on the tsy release as explained in Figure 5.8 showed that the
tso drug release did not show any effect with an increase in CHLB. The tso drug release is the
time taken for 50% of the drug to be released from the microsphere. With an increase in
temperature from 22°C to 35°C, the ts, drug release was decreased. The drug release
mechanism is naturally influenced by many factors such as the presence and the location of
drug and surfactant molecules in the microsphere particle. The possible sites of location of
the surfactant molecules could be either on the surface of the microsphere, within the matrix
isolated from the interior environment or within the microsphere but connected with its outer
surface possibly through channels. The differences in release profiles at different temperature
are the consequence of differences in the surface area because of the particle surface
roughness and porosity that changed with an increase in temperature from 22°C to 35°C.
Drug release kinetics

Figures 5.9 and 5.10 depict the drug release kinetics. Our study shows that the release
occurs by diffusion through the pores for different batches of microspheres prepared at 22°C

and 35°C. Although the Higuchi equation analysis for spherical matrices indicated that the
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drug release from the microspheres was primarily by diffusion, the model seems to be an

exact fit when there was an increase in temperature from 22°C to 35°C (Table 5.4).

Conclusion

The preparation temperature of ethyl cellulose microspheres fabricated by the non-
aqueous emulsion solvent evaporation method affected different physicochemical and release
properties of microspheres. With increasing preparation temperature from 22°C to 35°C, the
geometric mean diameter decreased, the particle size distribution was significantly wider.
With an increase in temperature from 22°C to 35°C, the sphericity of microspheres improved,
and the drug loading percentage, and initial drug release rate from the microspheres
increased. The tso release time for theophylline release was increased with an increase in the
preparation temperature from 22°C to 35°C. The release kinetics showed a diffusion type of
release. The SEM photographs show that the microsphere particle surface roughness

decreased as preparation temperature increased from 22°C to 35°C.
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Table 5.1. Different experimental conditions and dual surfactant combination for
microsphere preparation.

Surfactants used CHLB Temperature
Span 65
(HLB=2.1)

+ 45 22°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)

+ 5.5 22°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 6.5 22°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 75 22°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 45 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 5.5 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 6.5 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 75 35°C
Tween 40
(HLB=15.6)
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Table 5.2. Effect of microsphere preparation temperature on microsphere fabrication time.

Surfactants used Temperature Microsphere
preparation time

Span 65
(HLB=2.1)
+ 22°C 16 to 18 hrs

Tween 40
(HLB=15.6)

Span 65
(HLB=2.1)
+ 35°C 8t0 9 hrs

Tween 40
(HLB=15.6)
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Table 5.3. Effect of different preparation temperatures on the 355 um fractions of
microspheres prepared at different CHLBs using dual surfactants on actual drug loading.

Surfactants used CHLB Temperature Actual drug loading
(%)

Span 65
(HLB=2.1)
+ 4.5 22°C 21.62 + 1.64
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 5.5 22°C 21.90 +0.42
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 6.5 22°C 25.47 + 1.83
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 75 22°C 22.52 +0.46
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 2252 +1.14
+ 45 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 48.83 +1.15
+ 5.5 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 26.43 +2.27
+ 6.5 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 41.03+0.84
+ 75 35°C
Tween 40
(HLB=15.6)
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Table 5.4. Higuchi equation regression analysis of dissolution from different microsphere
batches prepared at different preparation temperature.

Surfactants used CHLB Temperature Higuchi
equation
regression R

Span 65
(HLB=2.1)
+ 45 22°C 0.9636
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 5.5 22°C 0.9860
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 6.5 22°C 0.9881
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1)
+ 75 22°C 0.7669
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 0.9942
+ 45 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 0.9540
+ 5.5 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 0.9454
+ 6.5 35°C
Tween 40
(HLB=15.6)
Span 65
(HLB=2.1) 0.9911
+ 75 35°C
Tween 40
(HLB=15.6)
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Figure 5.1. Comparative effect of CHLB on geometric mean diameter of microsphere batches
prepared with dual surfactants (Span 65+Tween 40) at 22°C and 35°C.
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Figure 5.2. Effect of CHLB on particle size distribution of microsphere batches prepared with
dual surfactants (Span 65+Tween 40) at 22°C.
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Figure 5.3. Effect of CHLB on particle size distribution of microsphere batches prepared with
dual surfactants (Span 65+Tween 40) at 35°C.
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Figure 5.4. Effect of CHLB on in vitro dissolution studies of microsphere batches prepared
with dual surfactants (Span 65+Tween 40) at 22°C.
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Figure 5.6. Effect of different CHLBs on initial drug release (drug released within first 30
min) of microsphere batches prepared with dual surfactants (Span 65+Tween 40) at 22°C.
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Figure 5.7. Effect of different CHLBs on initial drug release (drug released within first 30
min) of microsphere batches prepared with dual surfactants (Span 65+Tween 40) at 35°C.
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microsphere batches prepared with dual surfactants (Span 65+Tween 40) at 22°C and 35°C.
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Figure 5.9. Effect of CHLB on dissolution mechanism (Higuchi equation) of microsphere
batches prepared with dual surfactants (Span 65 + Tween 40) at 22°C.
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batches prepared with dual surfactants (Span 65+Tween 40) at 35°C.
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Figure 5.11. Scanning electron micrograph of microspheres prepared @ 22° C using dual
surfactants (Span 65+Tween40) at 4.5 CHLB.
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Figure 5.12. Scanning electron micrograph of microspheres prepared @ 22° C using dual
surfactants (Span 65+Tween40) at 5.5 CHLB.
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Figure 5.13. Scanning electron micrograph of microspheres prepared @ 22°C using dual
surfactants (Span 65+Tween40) at 6.5 CHLB.
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Figure 5.14. Scanning electron micrograph of microspheres prepared @ 22°C using dual
surfactants (Span 65+Tween40) at 7.5 CHLB.
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Figure 5.15. Scanning electron micrograph of microspheres prepared @ 35°C using dual
surfactants (Span 65+Tween 40) at 4.5 CHLB.
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Figure 5.16. Scanning electron micrograph of microspheres prepared @ 35°C using dual
surfactants (Span 65+Tween 40) at 5.5 CHLB.

170



Figure 5.17. Scanning electron micrograph of microspheres prepared @ 35°C using dual
surfactants (Span 65+Tween 40) at 6.5 CHLB.
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Figure 5.18. Scanning electron micrograph of microspheres prepared at 35°C using dual
surfactants (Span 65+Tween 40) at 7.5 CHLB.
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Abstract

The aim of this work was to study the combined influence of dual surfactants
structure and preparation temperature in the preparation of sustained release ethyl cellulose
microspheres by the non-aqueous emulsion solvent evaporation technique. A factorial design
of experiment (DOE) was designed to study the combined effects of the independent
variables (X1) surfactant structures (polyoxyethelene sorbitan monopalmitate and
polyoxyethylene cetyl ether) and (X2) temperature (22°C and 35°C) on the microsphere size,
drug content, initial drug release etc. Temperature and surfactant structure, individually
affected microsphere diameter and particle size distribution significantly. By changing the
surfactant structure from polyoxyethelene sorbitan monopalmitate (POE-SM) to
polyoxyethylene cetyl ether (POE-CE) in combination with temperature, percent drug
loading and initial drug release increased significantly. Theophylline release kinetics showed
diffusion type of release when surfactant changed from POE-SM to POE-CE only at 35°C, all
other microspheres formulations showed near zero-order release. The ts, release time was
also increased. Scanning electron microscope photomicrographs of microsphere show that the
particle surface roughness decreased as preparation temperature increased from 22°C to 35°C

only if combined with POE-SM surfactant combination.
Keywords: Ethyl cellulose microspheres, surfactant structure, preparation temperature,

particle size, drug loading, drug release.

(Total words: 179)
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Introduction

Polymeric microspheres have received much attention for the delivery of
therapeutically useful moieties in controlled release formulations. Various techniques can be
employed to develop microparticulate systems including the solvent evaporation method for
the preparation of microspheres *. One of the major issues with the solvent evaporation
method is that solvent removal can become an extensive and time-consuming process
involving several hours to days for complete solvent evaporation 2. Process optimization,
including temperature control for the solvent evaporation process, may be advantageous to
develop microspheres for specific formulation release characteristics °. Therefore,
investigating the effects of preparation temperature during the solvent evaporation process
may be useful to achieve the desired drug release characteristics of microspheres.

Microsphere characteristics are also influenced by surfactant HLB. The HLB value is
a measure of hydrophilic and lipophilic balance of the surfactant *. Surfactants may have
similar or closely matching HLB but may have different chemical structures. For example the
surfactant polyoxyethelene sorbitan monopalmitate (PSM) has 15.6 HLB, and
polyoxyethylene-(20)-cetyl ether (PCE) has 15.7 HLB. Differences in the chemical structure
may affect the activity of each surfactant regardless of their HLB.

The literature is replete with examples of surfactant use in different industries >
There are also reports on the effects of preparation temperature on microsphere formation and
physical characteristics ®°. However, after literature search, we could not find any report on
the combined effects of surfactant chemical structure and temperature on ethyl cellulose
microspheres prepared by using dual surfactants.

Previous results from our lab indicate that surfactant as well as temperature
independently may improve formulation and drug release characteristics of ethyl cellulose

microspheres. These results indicate a need to study effect of dual surfactant structure in
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combination with temperature as combined effect of two factors. We studied the combined
influence of surfactant chemical structure and temperature as variables on different
pharmaceutical properties of ethyl cellulose microspheres. Theophylline was used as the
model drug as it has a narrow therapeutic index and it is sparingly soluble drug, and . The
solvent used for the dispersed phase solution was acetone, while the continuous phase
medium was mineral oil.

The art of drug formulation can be strengthened by using statistical models such as
factorial designs. Factorial design is an established method to study the effect of selected
parameters. The surfactant chemical structure in dual surfactants in the formulation (X1) and
temperature (X2) were selected as independent variables while the drug content, microsphere
diameter, particle size and initial drug release were chosen as the dependent variables in the
present investigation. The levels for the two parameters, X1 and X2 were determined from
the preliminary trials; and selected formulations were evaluated for mechanism of in vitro

drug release.

Experimental
Materials

The following chemicals were used: Ethyl cellulose (Scientific Polymer Products,
New York), micronized theophylline (Gift sample from BASF), light mineral oil (Ruger
Chemical Company Inc., Irvington, NJ), sorbitan tristearate (STE), polyoxyethelene sorbitan
monopalmitate (PSM), and polyoxyethylene (20) cetyl ether (PCE) (Ruger Chemical
Company Inc., Irvington, NJ), methylene chloride (Fisher Scientific, NJ), acetone, monobasic
potassium phosphate and sodium hydroxide (J.T. Baker, Phillipsburg, NJ).

Instruments
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The following instruments were used: Stirrer (Lab Stirrer LR 400D, Yamato
Scientific Company Ltd., Tokyo, Japan), Dissolution Apparatus Il USP (Dissolution Test
system 5100, Distek Inc., North Brunswick, NJ and Prolabo dissolution), Aquamate (UV
Spectrophotometer, Thermo Electron Corporation, Mercer’s Row, Cambridge, UK), Accumet
5 pH meter (Fisher Scientific, NJ), USP Standard sieve series for PSD studies, Jacketed
beaker (with input and output for water flow), Haake, thermostatted circulator bath Type FJ
(W. Germany), temperature monitoring system fabricated at the Pharmaceutical Development
Lab, University of Georgia.

Preparation of microspheres

For preparation of the different batches of microsphere, experimental conditions
including temperature were constant. The preparation of ethyl cellulose microspheres
containing theophylline was accomplished by emulsification solvent-evaporation method in a
1 L tall jacketed glass beaker. The jacketed beaker was temperature controlled using a water
bath at either 22°C +1 or 35°C +1. The temperature monitoring system with a temperature
monitoring computer software was attached to the jacketed beaker. Light mineral oil (300
ml), was used as the external or continuous phase, with the low HLB surfactant and placed in
thel L jacketed glass beaker (phase A). In a separate glass vessel, a 5 % solution of ethyl
cellulose in acetone with the high HLB surfactant was prepared as phase B. Micronized
anhydrous theophylline was dispersed in this solution to give a desired (33%) theoretical drug
loading (1 part theophylline to 2 parts ethyl cellulose). The entire contents of this vessel
(phase B) were added into the glass beaker containing the solution of light mineral oil and a
low HLB surfactant (phase A) under rigorous agitation. Agitation was continued until the
solution became clear after the acetone evaporated and all microspheres precipitated out of

the solution. These microspheres were decanted, filtered and washed with a mineral spirit
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solution to remove the residual light mineral oil. The clean microspheres were then dried in
an oven at 50°C overnight.
Particle size distribution

The size distribution of microspheres was determined by sieving the microspheres
using a set of standard sieves ranging from 105-710um. A pan was placed underneath the
sieves to collect the particles that pass through the last sieve. The aggregate sample was
placed on the sieve of largest size, covered, and then tapped by hand until no change in
weight was observed in the sieves. Manual checking and hand sieving was applied to assure
that all particles retained on a sieve were bigger than the sieve apertures. After sieving, the
quantity of each fraction of particles was measured by weighing. Particle size distribution and
geometrical mean diameter were calculated.
Determination of Drug loading

The 355 um fraction of each batch of ethyl cellulose microspheres was calculated for
drug loading. Actual drug loading was determined by dissolving accurately weighed samples
(in triplicate) in methylene chloride using 25 ml volumetric flasks. Drug concentration was
determined by measuring ultraviolet absorbance at 276.5 nm. Spetrophotometric interference

from ethyl cellulose blanks was not observed at this wavelength.

In vitro dissolution studies

In vitro release studies of ethyl cellulose microspheres were performed using a USP
dissolution apparatus Il (Distek Inc., New Jersey) at 100 rpm as described in USP 31. The
355 um fraction of each batch of microspheres was selected for evaluation. Microsphere
samples in triplicate for each batch were suspended in 900 ml of simulated intestinal fluid
with 0.1% Tween 20, and no enzymes. The dissolution study was carried out at 37+0.5°C at

100 r.p.m. for 12-24 hours. Three ml of sample were withdrawn at specific time intervals and
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replaced with fresh simulated intestinal fluid medium. The drug released was determined
spectrophotometrically at 274 nm. The dissolution data was evaluated for initial release,
dissolution rate and the mechanism of drug release.
Release kinetics

Data obtained from in vitro release studies were fitted to Higuchi kinetic equations to
determine the mechanism of drug release from ethyl cellulose microspheres *.
Scanning electron microscope (SEM) analysis of microspheres

The surface morphology of microspheres was observed by scanning electron
microscope (SEM) using a Zeiss model 1450EP SEM. Microspheres were mounted on metal
multi-stubs using double-sided adhesive tape and SEM images were taken at specific

magnifications.

Result and discussion
Microsphere preparation

Ethyl cellulose microspheres were prepared by the solvent evaporation method and
initial experiments were carried out to optimize the formulation process. The formulations
containing dual surfactants with different chemical structure at two different temperatures for
microsphere preparation are shown in Table 6.1. Formulation preparation times are shown in
Table 6.2. Formulations containing the dual surfactants sorbitan tristearate (STE) and
polyoxyethelene sorbitan monopalmitate (POE-SM) are labeled DS1, whereas formulations
containing dual surfactants sorbitan tristearate (STE) and polyoxyethylene cetyl ether (POE-
CE) are labeled DS2. An almost 50% reduction in microsphere preparation time was
observed when the preparation temperature was elevated from 22°C to 35°C in both the
formulations DS1 and DS2, indicating that elevated temperature increased rate of solvent

evaporation, thus reducing preparation time (Table 6.2).
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Particle size distribution (PSD) and geometric mean diameter (GMD)

The data of particle size distribution was analyzed using the general factorial design,
Stat-Ease Design-expert software®. The temperature and surfactant chemical structure both
individually and significantly affected particle size distribution at 710 pm, 595 pum, 355 pum,
259 um, 125 um sieve sizes and particle size diameter of the microspheres as shown in
Figures 6.1 to 6.6. The changes in particle size and their distribution are clearly the result of
both the temperature increase from 22°C to at 35°C and the effects of changing the chemical
structure of the dual surfactant (Figure 6.1). Formulation DS2 shows a greater proportion of
smaller particles as particle size reduced from 770 um to 125 pum, whereas formulation DS2
shows the opposite trend (Figures 6.2 - 6.6). The combination of manipulating temperature
and surfactant chemical structure appears to control microsphere particle size. Particle size
had a direct effect on drug loading and release.

Drug loading

As seen in Figure 6.7, the drug loading studies of the 355 um fractions of the
microsphere batches revealed that there was a significant increase in percent theophylline
loading as a function of surfactant chemical structure and temperature. Increase in
preparation temperature from at 22°C to at 35°C significantly increased the drug loading
percent (Figure 6.7). The microsphere batches for both formulations DS1 and DS2 were
prepared with 33% theoretical drug loading. With elevated temperature, the increase in
percent drug loading was attributed to the rapid solidification of polymer that gave rise to a
denser outer layer on the microsphere'?. Many factors affect the fast solidification of the
polymer such as a higher solvent removal rate, higher polymer concentration or a lower ratio
of dispersed phase to continuous phase DP/CP)™. In our case, the rate of solvent removal was
increased (Table 6.2). Although the rate of solvent removal and thickness of the microsphere

outer layer were different, they were not reflected in the encapsulation efficiency between the
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two different microsphere formulations DS1 and DS2. The increased percent drug loading
seen in the latter was attributed, as referenced, to comparatively reduced surface tension
activity due to the different chemical structures irrespective of their HLB value. Thus, this
may have helped to form a more stable emulsion during the microsphere preparation process,
increasing homogenous dispersion and stabilizing theophylline in the formulation
In vitro drug release behavior

The in vitro release profiles of ethyl cellulose microspheres prepared with
formulations DS1and DS2 are shown in Figure 6.8. Changing the surfactant structure from
polyoxyethelene sorbitan monopalmitate (POE-SM; DS1) to polyoxyethylene cetyl ether
(POE-CE; DS2), and keeping the temperature constant at 22°C showed little difference in the
dissolution profile for DS1 or DS2. However DS1 showed an increase in the cumulative
theophylline released as the temperature was increased to 35°C. Figure 6.8 shows that the
microspheres formulated as either DS1 or DS2 exhibited adequate sustained-release profiles.
The combined effect of surfactant structure and temperature variables on initial percent
theophylline release was examined. Release within the first 30 minutes was analyzed for the
fraction of 355 pm size microspheres batches (Figure 6.9). The combined effect of surfactant
structure and the temperature significantly affected initial drug release (p value < 0.0001). By
changing the surfactant structure from DS1 to DS2 in combination with increasing
temperature, the initial drug release was increased significantly (p value < 0.0001). Figure
6.10 shows that DS1 compared to DS2 demonstrate very different behavior. At a constant
temperature of 22°C DS1 has a lower tsoy than DS2. However as temperature is changed
from 22°C to 35°C an increase in initial drug release for DS2 is observed but that for DS1
decreased. The mechanism of drug release is naturally influenced by many factors such as the
presence and the location of drug and surfactant molecules in the microsphere particle. The

possible sites of location of the surfactant molecules could be either on the surface of the
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microsphere, within the matrix isolated from the interior environment or within the
microsphere but connected with its outer surface possibly by channels. The differences in
release profiles at different temperature are the consequence of differences in the surface area
because of the particle surface roughness and porosity that has changed with different
variables as observed in SEM analysis.
Drug release kinetics
Data obtained from in vitro release studies were fitted to Higuchi kinetic equations to
determine the mechanism of drug release from ethyl cellulose microspheres *. Microsphere
batches DS1+22°C, DS2+22°C, and DS2+35°C showed near zero-order release. This is not a
typical spherical matrix release. Developing matrix microsphere formulation with a a zero-
order release has always been challenge to the pharmaceutical scientist **. The release from
the monolithic matrix is inherently non-linear due to an increase in the diffusional length
resistance and/or the decrease in the inwardly releasing surface area with time *. We propose
different reasons for the near zero-order release behavior of our matrix formulations batches.
There is a possibility of drug accumulation at the center and the matrix is behaving as a
microcapsule. With the microsphere batches showed near order zero-release the exterior of
the shell is dense and less porous, and interior of the shell is more porous. These structural
changes are resulting in the zero order release. The dense exterior is giving an impact of the
microcapsule.
Scanning electron microscopy (SEM) analysis

SEM micrographs of microspheres prepared with formulations DS1 and DS2 are
contained in Figures 6.12 — 6.19. The SEM micrograph of microspheres prepared at 22°C
using dual surfactant formulation DS1 is shown in Figure 6.12, and a cross-section in Figure
6.16. The microspheres were spherical with rough surfaces and no agglomeration was

observed. Formulation DS2 at 22°C is shown in Figure 6.13, and was nearly spherical with
182



slightly rough surfaces. The cross section is shown in Figure 6.17 and was found to
agglomerate. Microspheres from formulation DS1 at 35°C preparation temperature presented
as spheres with a smooth surface (Figure 6.14). The cross section is shown in Figure 6.18.
These microspheres were free flowing with no agglomeration. Increasing preparation
temperature from 22°C to 35°C affected the surface morphology of the microspheres and
resulted in a dense and more porous surface (Figure 6.14). Microspheres from formulation
DS2 at 35°C preparation temperature were mostly spherical with a rough surface (Figure
6.15). The cross section is shown in Figure 6.19 and they showed agglomeration. Changing
the surfactant structure from the polyoxyethelene sorbitan monopalmitate to polyoxyethylene
cetyl ether (DS1 to DS2) affected the surface morphology of the microspheres with the DS2
formulations presenting with a rougher surface. Agglomeration seen in some of the
micrographs might be due to the fact that small microsphere size tends to agglomerate and
the resultant SEM photograph shows non spherical particles. The change in temperature from
22°C to 35°C caused evaporation of solvent and stabilization of the emulsion and thus
formation of more uniform and dense droplets dispersed in the oil phase. After solidification
these droplets lead to a more dense surface structure. The formation of the microsphere outer
layer is often likened to the two basic processes such as phase separation and precipitation of
asymmetric membranes. SEM analysis shows that the high-temperature (35°C) solvent
removal results in less defective membrane skin layer as discussed above specifically only for
DS1 formulation. Microspheres at from DS1 formulations at high (35°C) temperature, the
dispersed phase will most likely take the coagulation path during formation. Because of high
temperature (35°C) the solvent removal is rapid. With this scenario out-flow of solvent would
be higher than in-flow of mineral oil. This leads to an increase in polymer concentration
within the dispersed phase that then solidifies into a dense layer. For microspheres made at

low (22°C) temperatures, polymer precipitation probably follows another path. Here, the
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solvent (acetone) out-flow is slower allowing increased in-flow of mineral oil affecting the

morphology of microsphere.

Conclusion

The surfactant chemical structure and preparation temperature of ethyl cellulose
microspheres fabricated by non-aqueous emulsion solvent evaporation method has combined
effect on different physicochemical and release properties of microsphere. The temperature
and surfactant structure both individually and significantly affect the size diameters of the
microspheres. There was a highly significant effect of combined temperature and surfactant
structure variables on the particle size distribution. By changing the surfactant structure from
polyoxyethelene sorbitan monopalmitate (POE-SM) to polyoxyethylene cetyl ether (POE-
CE) in combination with temperature, percent drug loading, and initial drug release was
increased significantly. The tso release time for theophylline release was also found to
increase. Theophylline release kinetics showed diffusion type of release for the batch

DS1+35°C. All other microsphere formulations showed near zero-order release.
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Table 6.1. Different formulation and experimental conditions for microsphere preparation.

Surfactant structure Temperature
formulations @
Sorbitan tristearate
(HLB=2.1)
+
POE-SM*
(HLB=15.6)

Sorbitan tristearate
(HLB=2.1)

+ 35°C
POE-SM*
(HLB=15.6)
Sorbitan tristearate
(HLB=2.1)

+ 22°C
POE-CE**
(HLB=15.7)
Sorbitan tristearate
(HLB=2.1) 35°C
+
POE-CE**
(HLB=15.7)

22°C

* polyoxyethelene sorbitan monopalmitate

** polyoxyethylene cetyl ether

@ The formulation containing dual surfactants sorbitan tristearate (STE) and polyoxyethelene
sorbitan monopalmitate (POE-SM) is labeled DS1 and the formulation containing dual
surfactant sorbitan tristearate (STE) and polyoxyethylene cetyl ether (POE-CE) is labeled as
DS 2.

187



Table 6.2. Effect of surfactant chemical structures and temperature on the microsphere
preparations time at different CHLBs.

Dual surfactants Temperature Microsphere
used preparation time
Sorbitan tristearate
(HLB=2.1)

+ 22°C 16 to 18 hrs
POE-SM
(HLB=15.6)
Sorbitan tristearate
(HLB=2.1)

+ 35°C 8to 9 hrs
POE-SM
(HLB=15.6)
Sorbitan tristearate
(HLB=2.1)

+ 22°C 16 to 18 hrs
POE-CE
(HLB=15.7)
Sorbitan tristearate
(HLB=2.1)

+ 35°C 8to 9 hrs
POE-CE
(HLB=15.7)
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Table 6.3. Higuchi equation regression analysis of different microsphere batches prepared at
different preparation temperature.

Surfactant Temperature Higuchi equation R*
structure
Sorbitan tristearate
(HLB=2.1) 0 0.9636

22°C
+
POE-SM*
(HLB=15.6)

Sorbitan tristearate

(HLB=2.1) 0.9942

+ 35°C
POE-SM

(HLB=15.6)

Sorbitan tristearate
(HLB=2.1) 0.9880
+ 22°C
POE-CE**
(HLB=15.7)
Sorbitan tristearate
(HLB=2.1) 35°C 0.9543
+
POE-CE
(HLB=15.7)
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Figure 6.5. Combined effects of surfactant structures and temperature on particle size
distribution of microsphere batches prepared with dual surfactants at 250 pum sieve size.
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Figure 6.6. Combined effects of surfactant structures and temperature on particle size
distribution of microsphere batches prepared with dual surfactants at 125 pum sieve size.
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Figure 6.7. Combined effects of surfactant structure and temperature levels on drug loading
percent of microspheres at 355 pum fraction size.
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Figure 6.8. Combined effects of surfactant structure and temperature levels on in vitro
dissolution studies of 355 pum fraction size of microsphere batches prepared with dual

surfactants.
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Figure 6.9. Combined effects of surfactant structure and temperature levels on initial drug
release percent of 355 um fraction size of microsphere batches prepared using dual
surfactants.
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Figure 6.10. Combined effects of surfactant structure and temperature levels on drug
release at tso of 355 pm fraction size of microsphere batches prepared using dual
surfactants.
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Figure 6.11. Combined effects of surfactant structure and temperature levels on

dissolution kinetics of 355 um fraction size of microsphere batch prepared with dual

surfactants
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Figure 6.12. Scanning electron micrograph of microspheres prepared at 22°C using
formulation DSL1.
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Figure 6.13. Scanning electron micrograph of microspheres prepared at 22°C using
formulation DS2.
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Figure 6.14. Scanning electron micrograph of microspheres prepared at 35°C using
formulation DSL1.
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Figure 6.15. Scanning electron micrograph of microspheres prepared at 35°C using
formulation DS2.
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Figure 6.16. Scanning electron micrograph of cut section of microspheres prepared at 22°C
using formulation DSL1.
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Figure 6.17. Scanning electron micrograph of cut section of microspheres prepared at 22°C
using formulation DS2.
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Figure 6.18. Scanning electron micrograph of cut section of microspheres prepared at 35°C
using formulation DSL1.
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Figure 6.19. Scanning electron micrograph of cut section of microspheres prepared at 35°C
using formulation DS2.
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CHAPTER 7

CONCLUSIONS

The combined hydrophilic and lipophilic balance (CHLBS) of dual surfactants played an
important role on the physical characteristics and drug release behavior of microspheres prepared
by the emulsion solvent evaporation method. The different CHLB values of dual surfactants have
shown different effects on physical as well as drug rel ease properties of microspheres. We noted
a decrease in the geometric mean diameter of the microsphere batches with an increase in CHLB.
Therewas a high initial drug release in the microspheres prepared with the dual surfactants. We
noted an increase in theinitial drug release with an increase in CHLB. Thein vitro drug release
was altered by the dual surfactants. The release was faster in the dual surfactant prepared at 7.5
CHLB compared to other CHLBs. The drug release was slowest in microspheres prepared with
dual surfactant at 4.5 CHLB compared to other CHLBs. We also noted that with the single
surfactant, the drug release was slow. The release kinetics showed a diffusion type of release
from dual surfactant microsphere.

Chemical structure of surfactant played an important role on physical characteristics and
drug release behavior of microspheres prepared by emulsion solvent evaporation method. We
noted a decrease in the geometric mean diameter of the microsphere batches with anincreasein
CHLB for both of the dual surfactant combinations sorbitan tristearate and polyoxyethelene
sorbitan monopa mitate (STE+POE-SM) and sorbitan tristearate and polyoxyethylene-(20)-cetyl
ether (STE+POE-CE). The range of microsphere size was smaller (125 to 355 um) when
prepared with STE+POE-CE surfactant combinations compared with STE+POE-SM

combination (250 to 710 pm). There was ahigh initial drug release in the microspheres prepared
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with the dual surfactants STE+POE-CE compared to STE+POE-SM. We noted an increase in the
initial drug release with an increase in CHLB for both the surfactant combinations STE+POE-
SM and STE+POE-CE. Thein vitro drug release was affected by dua surfactants. The release
was faster in the dual surfactant prepared by STE+POE-CE dual surfactant combinations. The

rel ease kinetics showed a diffusion type of release from dual surfactant microspheres. Thus, we
conclude that the chemical structure of surfactants affects different formulation parameters.

The preparation temperature of ethyl cellulose microspheres fabricated by the non-
agueous emulsion solvent evaporation method affected different physicochemical and release
properties of microspheres. With increasing preparation temperature from 22°C to 35°C, the
geometric mean diameter decreased, the particle size distribution was significantly wider. With
an increase in temperature from 22°C to 35°C, the sphericity of microspheresimproved, and the
drug loading percentage, and initial drug release rate from the microspheres increased. The tsg
release time for theophylline release was increased with an increase in the preparation
temperature from 22°C to 35°C. The release kinetics showed a diffusion type of release. The
SEM photographs show that the microsphere particle surface roughness decreased as preparation
temperature increased from 22°C to 35°C.

The surfactant chemical structure and preparation temperature of ethyl cellulose
microspheres fabricated by non-agqueous emulsion solvent evaporation method has combined
effect on different physicochemical and release properties of microsphere. The temperature and
surfactant structure both individually and significantly affect the size diameters of the
microspheres. There was a highly significant effect of combined temperature and surfactant
structure variables on the particle size distribution. By changing the surfactant structure from

polyoxyethel ene sorbitan monopa mitate (POE-SM) to polyoxyethylene cetyl ether (POE-CE) in
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combination with temperature, percent drug loading, and initial drug release was increased
significantly. The tso release time for theophylline release was al so found to increase.
Theophylline rel ease kinetics showed diffusion type of release for the batch DS1+35°C. All other

microsphere formul ations showed near zero-order release.
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