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Abstract

There is a significant need for research and development into paediatric medicines. The
absence of suitable medicines or critical safety and efficacy information, poses significant
risks to a particularlyulnerable patient population. The paediatric population is made up
of a wide range of individuals of substantially varied physical size, weight and stage of
physiological development. Some commonly used excipients may be unsuitable for use in
children; and some dosage forms may be undesirable to the paediatric population. There is
a need for a dosage form platform that is designed to meet the needs of the paediatric
patient. The dosage form should offer dose flexibility, dose accuracy, afford acceptable
taste of undesirable tastingrug substance and be suitable for administration to all
paediatric sub groups. To ensure affordability and thus enhance access to medicines for
children in developing countries or emerging markets, the dosage form should be simple to
manufacture without the need forpecialised equipment.

Spraydrying was investigated to garocess a functional polymer, hypromellose, with a
model drug substance, paracetamol, to enhance the functionality of the polymer and to
taste mask the paracetamol. Though hypromellose siascessfully spragried it was not
possible to spraylry hypromellose with paracetamol. The viscosity of agueous solutions of
hypromellose played a key role in determining the grade and concentration of
hypromellose that could be successfully spdaied. Temperature was used to reduce
viscosity of hypromellose solutions but careful temperature control is required to avoid
reaching the gelation temperature of the hypromellose.

The effect of temperature on aqueous hydroxyl propylcellulose (HPC) solutiowsdh

that heating causes a reduction in solubility of HPC in water which results in its

precipitation and the formation of liquid crystals. Consequently, the aqueous HPC solutions
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solutions containing drug is dependent on the properties of the drug. Paracetamol

decreased the temperatures of dehydration and onset of precipitation and ramétid

hydrochloride increased the temperatures of dehydration and precipitation. This is

probably associated with a salting in effect.

HPC was used to form films which disintegrate in <30 seconds but are able to retard
dissolution rate of paracetamol. HPGyrbe used to form films which meet the
pharmacopoeial content uniformity criteria typically applied to oral dosage forms. HPC
films have application for administering drugs to paediatric or geriatric patients by
disintegrating in the mouth and so overcorgiswallowing difficulties; potentially providing
taste masking and aiding absorption across the oral cavity.

HPC films offer significant benefits to the paediatric population. The manufactudcgss

is simple and transportation is easy as secondary packs are likely to be less bulky than
currently used for tablets. The films may also be suitable for administering combinations of
drugs in the same dosage form by layering or by combining the atupgs HPC solution

stage. For these reasons the HPC films may have particular application for diseases in the
developing world and meet many requirements associated with WHO and other global
regulatory guidelines.
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1 INTRODUCTION

1.1 General Introduction

One in five children (3 million) within the United Kingdom has a long standing illness
or disability (Martin2004). Many, if not most, of these disadvantaged children will
usemedication on a long term basis that is either unlicensed for paediatric use or
has not been scientifically studied within this patient population. Aroudée®f

babies in neonatal intensive card) %oof patients in paediatric intensive care, and
almost70 %of children in hospital in Europe receive at least one unlicensed or off

label medicine during a hospital stay (Conroy 2003).

The majority of marketed drugs are either not labelled, or inadequately labelled, for
intended use in paediatric patientspproximately, 8 %of listed product

information labels (PILs) in the US either disclaimed usage or lacked specific dosing
information for paedatric use Less than@%of drugs approved by the Food and
Drugs Administration (FDA) weaethorised for paethtric use Additionally, only 38

%of new medicinal products, which were potentially of benefit in paediatric

therapy, were initially labelled for paediatric use (Goldk2084).

Alack of vital, supporting information often prompts conservatism from
paedatricians who often choose to prescribe existing, established medications
(Standingand Tulew?005) Though these products may have well established safety
profiles, their efficacy may be marginal, and be potentially less effective than the

newer drugswhich lack relevant safety data.

Children are not young adults and due to many physiological, regulatory, ethical and
practical reasons, effective adult doses ofue approved medicinal products
cannot necessdy be reduced based on a simplistielative mgkgbody weight

basis alonéCellaet al2010)

In an attempt to encourage pharmaceutical companies to invest in the research and
development of paediatric medicines, regulatory agencies such as the European

Medicines Agency (EMAnd the Bod ard Drug Administration (FDAN the US



published regulations forcing companies to consider the development of medicines

for children(EMA2006 and FDAR003).

Paediatric formulations must provide dose flexibility, accurate dosing, have
acceptable taste antle designed to enhance patient compliance. Further
Ay@SadAaaraazy Ayidz2z GKS RS@St2LISyid 27 v



1.2 Challenges 8sociated with Developing Paediatric

Medicines

There are many aspects to be considered when developing paediatric medicines.
Due to the complexity of this patient population, it is critical that the patient is

considered at the outset of the development of the dosage form.
1.2.1 Physiological and phanacological ballenges

Children are not just small adults; either from a biological or pharmacological
development perspective (Bowles al 2010) However, it is often overlooked that
the paediatric patient population is not a homogenous ubup either,and can be
sub-classified, based on very real physiological (size, and developmental biology)

and pharmacoloigaldifferences (RCPCI999) as follows:
1 Preterm newborn infantsi.e. born before gestation date
T Full term newborn infants (27 dayss KSNBE RIF& WpQ A& RI @

1 Infants and toddlers (28 days to 23 months)

]

Children (2 to 11 years)
1 Adolescents (1:26/18 years, but dependent on region)
1.2.1.1Pretterm new-born infants

It is not possible (except in rare cageg.vaccines, antidoteBaker 200y to
extrapolate the efficacy of medicinal products from studies in adol{gredict
efficacy in paediatricsHowever, even studies in older paediatric patients can be
difficult to meaningfully extrapolate to preterm neborn infants (ICk2000)

dinical study design considerations that need to be evaluated include
(1) difficultes in assessing study outcomes

(2) small patient numbers at each centre and very real centre differences

(based on caregxperience and infrastructure)



(3) small pharracokinetic sampling (the total blood volume of a Rgp
preterm infant is 40ml) necessitating enhanced sampling and preparation

techniques and more sensigvanalytical methodologies
(4) weight andage (gestational and postnatal)

More worryingly, this sbrcategory of the paediatric population is also not
homogenous, as there are huge developmental differences betweenvee2k
gestation newborn (0.5kg) from the much heavier 3@eek gestation newborn (1.5
kg) (Kearnset al2003 and Rakhmanirend van den Anke2006) Important
developmenal, biological and pharmacological features that need to be considered

when administering medicines to preterm paediatric patients include

(1) rapid changes of pharmacology and physiology resz¢mg unique

dosing regimens

(2) the immaturity of the renal and hepatic clearance mechanisms, and of
the bloodbrain barrier (this has the potential for all administered drugs to
penetrate into the central nervous system (CNS), not just those that are

reported to have hgh CNS permeability in adults)
(3) protein binding and displacementigs (in particular, bilirubin)
(4) opportunities (often inadvertent) for tradgermal absorption of drugs

(5) uniqueneonatal susceptibilities, e.g. retinopathy and unique neonatal

disease states, e.g. respiratory distress syndrome.
1.2.1.2Fulkterm new-born infants

lf 0K2dzZAK Y2NB YI Gdz2NBZ QF dzf f -clasStdpfeteynS 6 6 2 N,
newborn infantsn termsof relative maturity to an adult Drugs that demonstrate

high protein binding in adults are often more freely available in neonates due to the
competitive binding seen between albumin and bilirubin (elevated in neonates)

The displacement of bilirub can cause CNS toxicity as the bldwodin barrier is still

not fully mature. This is a particular problem with sulphonami@@soonara 2009)



The hepatic and renal clearanoechanisms are rapidijevelopingduring the first
month after birth and onsequently, hepaticallgleared drugs are extracted more
slowly, so drug doses and resultant efficacy need to be carefully monitored and
potentially altered on a daily (or near daily) basis, e.g. phenytoin, phenobarbitone.
The body water, fat content anltigh surface area to weight ratio of nevorn
paediatric patients indicate that the volumes of distribution of drugs may be
significantly different to aler paediatric or adult patients (Duke and Urquhart
1997).As a consequence water soluble drugs aheted to a greater extent in
neonates resulting in the potential requirement to increase dose to prodhee t

desired plasma concentration.

One of the most important differences between paediatric and adult patients is
oxygen consumption which, in infamsay exceed énl/kg/min, twice that of adults
(Rusy and Usale\i®98). There are physiological adaptations in paediatric cardiac
and respiratory systems to meet this increased demduth induction and

emergence fromanesthesiaare more rapid in childrerhian in adults. This is

probably because of a smaller lung functional residual capacity per unit body weight
and a greater tissue blood flow, especially to the key organs (brain, heart, liver and
kidney). These organs in adults account fofdof body weidnt versus 2246in

neonates(Rusy and Usalei998).

Similarly, oral absorption is less predictable than in older paediatric or adult
patients. In the early days after birth, neonates are achlorohydric, with gastric pHs
being much higher than in the major of Caucasian adults. As a consequence, the
absorption of acid labile dgs may be enhanced, e.g. protpamp inhibitors
whereas, the absorption of fat soluble drugs may be reduced, for example fat
soluble vitamins (Duke and Urquhd®97). Additionallythe selection oflelayed
releaseformulations which relyon pH sensitive enteric coated formulatigrshiould

be cautiously considered farse in neonates. There are magyamples in the
literature of unanticipated toxic effects frodimited clearance and resultant
accumulation of drugs in this class of infants; for example, chloramphenicol grey
baby syndrome (Mulhaét al 1983). In contrast, established toxicology profiles may
be less applicable to this patient sgbt; for exampleaminoglycosides are safe and

effective in neonates (Nestaas al 205), whereasiephrotoxicity is commonly



encountered from these drugs in older patient ssits(Giacoisand Schentag

1986).
1.2.1.3Infants andtoddlers (28 days to 23 months)

This is a period ofery rapid growth and maturation. Oral absorption becomes
much more reliable, adult gastric pH is achieved by 23 months, and clearance
mechanisms are maturing rapidly (but with significant irgrdoject variability); and
with clearance (based on a nigybasis) often exceeding that seen in adulf&is is

a result of the liver being up ta03%ogreater (as a @rcentage of total body weight)
than in adults. As a consequence the administered doses for hepattediyed
drugs may need to be higher than inuis. The rates of gastric emptying and
general gut motility fall during infancy and early childhood. Although, the extent of
drug absorption is usually not impacted, the rate may be i.e. the maximum blood
plasma concentration (£, increases, but tharea under the blood plasma
concentration versus time curve (AUC) remains the s@oasequently, sustained
release formulations should be used with caution during childhood (Duke and
Urquhart1997).

1.2.1.4Children (211 years)

Theclearance pathwaysf most dugshave matured in this sublass; however,
clearance values again often exceed adult values, and are often dependent on the
maturation of specific metabolic pathways. Neonates and children have greater
surface area to weight ratios and thinner stratworneathan adults(Werfelet al

1998) Consequently, there sgreater potential for high systemic exposure and
subsequent adverse events from topical application of drugs. Of particular
importance to the study of drugs in this salass is the impact ogrowth and
development.Drugs that areCNSactive can adversely affect psychomotor skills in
pre-school/school age groups and impact on the efficacy-pgoitts. The impact of
the drug on the child can be monitoresing developmental end pointsych as

growth, weight gairor school performance.

Though rectally administered drugs can produce variable and erratic systemic
absorption, administration of drugs via the rectal route can be especially useful to

treat the very young, who can experience difficedtiswallowing solid oral dosage
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forms, and which, thereby avoids the need for injections or in emergency use, such

as prolonged fitting, e.g. rectal diazepa&BMA 203B).

Puberty can impact on the efficacy of metabolising enzymes, which significantly
impads on the administered dose on a nkgybasis, of certain drugs, for example,
theophyline (Conroy 2003). Puberty is highly variable and is different in the sexes;

girls maturing earlier (as young as 9 years) and more rapidly.

Children often benefit from igs with intrinsically long halives or modified
release dosage forms as they can be administered -aladg. For example e
compliance and ethical issues of teachers and carers administegitan
medicinal products should not be undestimated, eg. Ritalin (Drug and Alcohol

Education and Prevention Te&05).
1.2.1.5Adolescents

The impact of any medicinal product on the physical, mental or sexual maturation
of this paediatric suzlassshould beconsidered As with latephase infants, the
impact onpuberty is important. In particular, the impact on hormones (especially
sex hormones), sexual activity and the need for contraception or pregnancy testing
can be important factors in clinical trial design. Several disease states are
influenced by hormonlechanges, for example, changes of frequency and severity of
asthma and migrainéSalamet al2006). However, norcompliance is particularly
acute in this age range and recreational drug use, for exaropcohol, tobacco,
cocaine, ecstasy, etc., isfortunately, becoming more prevalefWiliamset al

202).

1.2.2 Ethical bhallenges

There is a growing body of opinion within the wevldde community that children
(and their parents) have the right to properly researched and regulated medicines
(Daves2004). Unfortunately, there is an equally strong lobby that considers
experimentation orchildren (particularly, placeboontrolled study designs) to be
unethical; and for this to be ultimately a potentially profitable exercise, to be

morally indefenddle. Consequently, the availability of financial incentives, in terms
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of patent life extensions and exclusivity, for industry to develop paediatric

medicines in the US and EU is viewed by some as setting an unwanted precedent.

Before undertaking any palkatric research, an investigator needs to ensure that
such research cannot be done in adultéth the resultsbeingextrapolated to
children. The overarching purpose of paediatric research is to obtain knowledge,

applicable to the wider needs of the paiatric community.

Paediatrics ar@ particularly vulnerable patient group. As such, special measures
and precautions are required to protect the participants (or their parents, if they
are of an age where informed consent is not practicable) from unidiks. Some of

the issues perceived lparents (Martin2004) include:
(2) risks (both known and unknown)
(2) discomfort to the child, espéally from invasive treatments
(3) disruption to rautine and to family schedules
(4) financial impact
(5) incentive to change (if ctent regimen is working well)

(6) poor communication, both in terms of egoing issues anfiéedback on trial

results

(7) scepticism on the real goals of the researchers (more focussed on the

research, rather than the treatment and care of the child).

However, A 3 Kia FyR RdziAS&a NS Wig2 airARSa 27
lobby for accessibility to paediatric medicingawell designed and controlled,

clinical studies, is there an associated duty for families to become involved in such
trials? Unfortunately, even worlerkenowned ethics advisors are at a loss to answer

this key question (Daviex)04).

However, participation in any clinical trial involves the issue of risk/benefit, which
needs to be carefully evaluated by the overseeing Independent&@ommittee
and Institutional Review Boards. These organisations should ensure that

participation in such studies is free from inappropriate inducements, and any



reimbursement and subsistence costs are appropri&iacein the majority of

cases, partigiants in paediatric studies are unable to provide informed consent,

this must be obtained from parents or guardians. However, in all cases participants
should be made aware of their rights to withdraw from the trial at any time; except
in those very rarénstances where the welfare of the participant would be placed in
jeopardy by failing to participate, or continuing to participate in the clinical

programme(FDA2001a).

Minimising the risk to the participants should be the principal objective, everif th
whole community benefits; and every effort should be made to anticipate or reduce
known risks. There should be full awareness of the known pharmacology,
toxicology, safety and efficacy of the medicinal product prior to the initiation of the
study. In adition, studies should be conducted by trained paediatricians, with
knowledge of, and experience of dealing with adverse everpsediatrics The

number of participants should be as low as is commensurate with appropriate study
designs, and processes fensuring rapid termination of a study should be in place,
should additional, unanticipated risks emerge. Approaches to reduce invasive
procedures and minimiséhe number and volume of samples for subsequent

pharmacokinetic evaluation, should form paiftthe study protoco(EMA 2005).

The various regulatory agencies also evaluate the risk to the child of participating in
the paediatric clinical trial. In the UK, the Royal College of Paediatrics and Child
Health (RCPCH) define the perceived risk agnmainlow and high risiMcintoshet

al 2000).However, in the latter two categories the RCPCH argue that such research
deserves serious ethical consideration, but provide no further guidance. In

contrast, in the US, the control of risk is divided intarfoategories;
(1) minimal risk
(2) mnor increase over minimal risk
(3) no direct benefit
(4) direct benefit

The whole area of paediatric medicine is mesensively regulated in the US (FDA
2001b).



The US Food and Drug Administration (FDA) under the auspices of the Pediatric

Advisory Subcommittee (PAS) have taken steps to reassure the general public that

the safety of participating children is of paramount concern (Wood@0€K). The

PAS have addssed several adthical issues, including
(1) children as volunteers, verspaediatric patient studies
(2) placebo controlled trials
(3) clinical trial design and data analysis.

Toprovidespecificadditional safeguards for children, to ensure compdia with
0KS / KAt RNByQa I SIfGK OG0 2F wnnni
and Human Services regulatigtise FDA introduced Additional Safeguards for

Children in Clinical Investigations of FDA Regulated Product2(forma).

Py R

The factorsaffecting the need for paediatric investigation of either an established

drug, or a newly developed drug, and the nature of this clinical programme are

varied(Rcheyet al2012) They include:
(1) the seriousness of the condition requiring treatment

(2)the prevalence of that contion in the paediatric sutset

o0 GKSIUKSNI 0KS YSRAOAYS Aa WTFANRU

established class of compounds

(4) theavailability and suitability of alternative treatments especially the

safety and efficacyfdhese alternative treatments

(5) the need to develop paediatric specific gmaints in the therapeutic

disorder

(6) unique safety concerns

(7) research that indates that there could be unique paediatric applications

for thismedicinal product
(8) the likely age ranged the paediatric population

(9) the need for pagiatric formulation development
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Pharmaceutical companies developing medicinal products in nevapleeitic

indications ae often viewed from the outsidas considering clinical studies in

children to be an unattractive, newiable or norprofitable option (Conrot al
2000).However, industry has long recognised the need for paediatric medicines and
for nearly a decade has been calling for medicines to be licensed to children of
specific age ranges, for the publishing of paediatric clinical research guidelines and
for regulatory guidance in this are@l{eAssociation oBritish Pharmaceutical

Industry (ABPI1996).

Unfortunately, there are issues for the pharmaceutical industry in this area. Despite
the numbers of children affected in the developed world the paediatric market is

still comparatively small. It has been estimated that the cost paediatric
development plan for a new medicinal product is in the order of $20 million, and for
an existing product, that could equate to a poor, or even negative, return on
investment (Tine2004). The objectives of the proposed regulations in theafd)

US are to improve the overall health and welfare of children, by increasing research,
development and approval of paediatric medicinal products. However, it is not
clear that the existing incentives will lead to more paediatric research in the EU, as
the EU patent extension period is no improvement on the current US position.
Although there are some incentives to encourage the generic industry to carry out
more research, or develop new paediatric dosage forms on older established
products the generiandustry has no record of innovative research to fall back on,
which may hamper future development. This is obviously unfortunate as there are
often large knowledge gaps with the existing products as many of them have been
dza SRt W@ $§FQ I ¢iRceniivié & N lisi this information, particularly

when there is often no obvious advancement in the particular field of research.

In the USthe paediatric exclusivity provision has been highly effective, with

industry responding positively, and witesultant extensive paediatric health

benefits. In the 3/ear period covering implementation of the guidance to 2001,
there were 218 paediatric proposals from indusi88 Written Requests from FDA,

77 incomplete letters issued in place of a Written Rexjuand 95 amendments to
Written Requests after negotiations between FDA and industry. This resulted in the

submission of 34 products (which included paediatric studies as part of the NDA
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submission), oivhich28 products (826 were granted paediatric exusivity. The
complete list can be found on aDA websitdFDA2013)and include drugs for the
treatment of HIV, diabetes, hypertension, obsessive compulsive disorders, allergies,
juvenile rheumatoidarthritis and seizures. It has been estimated thatustry had
completed & %of the paediatric studies requested by FDA, which is in contrast to
the 15%completion rate in the §ear period before the initiation of the paediatric

exclusivity provision (Woodco@01).

1.2.3 Formulation challenges

1.2.3.1Toxicityissues of some common excipients in paediatriecrhulations

One of the greatest medicinal tragedies of the last century (diethylene glycol

LR A&A2YAY3I0 61 & LINRPYLIWGSR Ay YEFR/NR SHI1REa D @
dosage forms (Geilinghd Cannori938). At that time clinical safety of new

medicines and new formulations was not required; nor was there an extensive

safety data base on existing or novel excipients. In the resulting trakftly

patients died of diethylene glycol poisonimgany of them children (Steinbrook

2002)and hence the Best Pharmaceuticals for Children Act (BPCA) became public

law in the US in 200gDA2002).

A safety database exists for established excipients commonly used in
pharmaceutical products intended fodalts, and new excipients are required to
undergo extensive animal safety testing before they can be used in clinical studies.
However, the toxicity of some common excipients, like lactose, may differ across
the various paediatric sugroups and betweenaediatrics and adult patient groups
(Edgeet al2005).

One of the direct consequences of the need for oral liquid preparations (that
children typically find easiest to swallow), is that tastasking which often relies

on sweeteners, is essentid{sparame is used as an intense sweetener in
beverages, food products, and in pharmaceutical preparations. It enhances flavour
systems and can be used to tastesk unpleasantly bitter tasting characteristics of

common drugs. A number of adverse eveertg. lreadaches andeizureshasbeen

12



reported following the consumption of large quantities of aspartame in beverages
(Golightlyet al 1988; Butchko and Kotsonl989). Although, aspartame has been
blamed for hyperactivity in children; a douHbind study o#48 preschool children
who were dosed with diets containing 388 mg/ kgbody weight of aspartame for
three weeks, showed no appreciable adverse behaviour or impact on cognitive
function (Wolraichet al1994).

The development of mukilose oral liquidand parenteral preparations also
necessitates the requirement for preservative(s) to prevent microbial

contamination

Benzyl alcohol is an antimicrobial preservative used in cosmetics, food, and in a
wide range of pharmaceutical preparations includimgldiquid and parenteral
preparations. Although widely utilised, its use has been associated with some fatal
adverse reactions when given to neonat&e(shanilet al1981) It is now
recommended that its use as a parenteral preservative for new bdamis is
discontinued. The fatal toxic syndrome in low birth weight premature children was
attributed to the use of benzyl alcohak apreservative in solutions used to flush

out umbilical catheters (Browet al 1982; Gershanikt al1982; McCloskewgt d

1986). The FDA subsequently recommendisda@htinuation of this practicand of

the use of medicinal products containing preservatives in neonates 158
Belson1982).

Sodium benzoate is an antimicrobial preservative used in cosmetics, food) and i
wide range of pharmaceutical preparations. It has been shown to elicit non
immunological contact reactions, including urticaria and this should be taken into
account when formulating paediatric products (N2D01). In addition, it is
recommended thaparenteral combinations of caffeine and sodium benzoate

should not be used in neonates (Edwards and Vodg&i).

Thiomersal is an antimicrobial preservative used in cosmetics, soft contact lens
solutions, and in some pharmaceutical preparations. e\mw, its use is declining
owing to its toxicity and there are suggestions for discontinuing its use in eye drops
(Fordet al 1985) and vaccines (Cox and ForysiB88; Seaét al1991; Noekt al

1991). In both the US and EU, regulatory bodies have re@med that its use in
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vaccines, particularly paediatric vaccines is discontinued (AP% EMEA999).
In recent years public pressure groups have tried to link thimerosal in paediatric
vaccines with autism but this claim was unsubstantiated and repedliby

regulatory agencies @partmentof Health 2001).

Propyl gallate is a widely used antioxidant in cosmetics, foods, and in a wide range
of pharmaceutical preparations. Although, propyl gallate has strong sensitising
potential in animalsthere are few repds of adverse events in humabsit these

include methemoglobinemia in neonates (Nitzstral 1979).

Oral Ligud formulations are often comptaentarily coloured and flavoured to aid in
paediatric patient acceptance and long term coraptie. For instance, a paediatric
formulation might be tastanasked using banana flavour (a particular favourite of

many younghildren), which would be compieented by the addition of a yellow

colorant. One such colorant (FD&C Yellow No. 5 or tartrahase)ong been the

subject of much controversy centred around its safety profile, and its possible link

with hives (reported incidences of 0.00d and hyperactivity in children (Waset al

1990). In the US, arprescription drug containingattrazine, i 6 St f SRY @d ¢ K.
product contains FD&C Yellow No. 5 (tartrazine) which may cause allergic reactions
OAYOf dZRAY 3 ONRYOKALFf FadKYl 2008)y OSNIi I Ay

Generally, concerns over the safety profile of colorants in pharmaceuticals and
foods are associated with hypersensitivity and hyperactivity (B€L; Lévesquet

al 1991, DietemanrMolard et al1991), especially in children (Polloekal 1989).

Poorly soluble drugs are often prepared as oral suspensions, and are frequently co
formulated with surfactants to aid in the wetting of the drug, and in its subsequent
dissolution. Docusate sodium, an anionic surfactant, is widely used in
pharmaceutical preparations as a wetting agent, dissolution aid and as laxative and
faecal softeners. éivever, the levels of docusate sodium should be strictly
controlled in medicinal products to prevent unwanted incidences of diarrhoea,
especially in infants. The adult dose (50§) is over six times the amount

administered to children of-énonths (75mg)and older (Guidotfl996).

Polyoxyethylene sorbitan fatty acid esters (Polysorbates 20, 40 and 60) are used as

emulsifying agents, neionic surfactants, solubilising agents, wetting, dispersing
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and as suspending agents. Polysorbates are generallydesjas nortoxic and
non-irritant materials; however, they have been associated with serious adverse
events, including some deaths, in neonates who were administrated with vitamin E

intravenous preparations (Alads al 1986; Balistreret al1986).

Carrageenan is a naturally occurring gel base or suspending agent derived from
seaweed extracts. Carrageenan is generally considered to b&rmand non
irritating, except in parenteral preparations. However, because of its ability to
induce inflamméory responses in animals, the UK Food Advisory Committee did
recommend the removal of carrageenan as an additive in infant food formulas

(Ministry of Agriculture, Fisheries and FoodAMj 1992).

Lactic acid is used in beverages, food, cosmetics ananatauticals. In topical
cosmetics it is used as a skin softener. In food and beverages it is used as a
preservative. It is usually present as the racemate (RS); but in some cases the S
isomer predominates. Lactic acid is the naturally occurring endpbianaerobic
metabolism of carbohydrates so is usually viewed as beingtoxan at the levels
used in typical formulations. However, there is evidence that neonates have
difficulty in metabolising the R isomer; and henthis isomer and the racemate
should not be used in infant formulas for children less than 3 months olaf I}V

HealthOrganisation (WHO)974).

Almond oil is used as an emollient in infant s&are preparations Although,
typically regarded as netoxic and norirritant there has been e case reported in
the literature of a Bmonth old child developing contact dermatitis, which was
attributed to the topical application for a 2 month period to the cheeks and
buttocks (Guillet and Guilléx000).

Mineral oil is used as an emollient, lubricant or oleaginous vehicle. The most
serious adverse event caused by this excipient is lipoid pneuncanised by
inhalation of the oils it does not elicit the cough reflex. With the reduction in the
use of thg excipient in intranasal formulations the incidence of lipoid pneumonia
has decreased (Owe2005). However, this condition has been associated with the

use of mineral oil in cosmetics in an adolescent (Beetaal 1984) and in
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ophthalmic formulations (Rikesh and Roseno®®90). It is recommended that this

excipient is not used in paediatric formulations.

Peanut oil is used as a food additive and as a solvent innmiiscular injections.

Some workers have suggested that the use of peanut oil idhabold (infant

formula and topical preparations) can lead to later episodes of hypersensitivity, and
therefore should be discontinued (Monersfautrinet al1991; Brown1991; De

Montis et al 1993; Level996; Wistow and Bassd®99).

Propylene glycol is general solvent and antimicrobial preservative used in a wide
range of pharmaceutical preparations including oral liquid, topical and parenteral
preparations. Its use in large volumes in children is discouraged, and it has been
associated with CNS advemeents, especially in neonates (Martin and Finberg

1970; Arulanantham and Gen#78; MacDonalet al 1987).

Lactose occurs widely in dairy products and is used in infant feed formulas. In
pharmaceutical preparations it is widely used as a diluent ifetaland capsules, in
lyophilised powders, and as a carrier in dry powder inhalation products. Lactose
intolerance occurs when there is a deficiency in the intestinal enzyme lactase. This
enzyme is normally present at high levels at birth, decliningdigpn early

childhood. Hypolactasia (malabsorption of lactose) can thus occur at an early age
(4-8 years) and varies among different ethnic groups (Suarez and S4%@np It is
unlikely that severe gastrointestinal adverse events could result froestian of

medicinal products in adults, but it is less clear if this is equally applicable in infants.

Talc is commonly used as a dusting powder and historically has been used as both a
glidant and lubricant. Although, generally regarded as-toxic when orally

ingested, inhalation of talc causes irritation and severe respiratory distress in
children (Pairaudeaat al1991).

1.2.3.2Palatability dallenges

Taste is the most important parameter governing paediatric patient compliance.
Unfortunately, undesiralad palatability is one of the most important formulation
challenges encountered with the majority of drug substandageu 2009, Crarat

al2009) Several approaches have been utiliseedovercome this issuacluding
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the use of flavours, sweeteners, amino acids, polymer coating, conventional
granulation, lipids; including lipid emulsions and liposomes, lecithins, complexes

with cyclodextrins and ioexchange resins, salts, and polymeric materials.

The use of flavourgienerally in combination with artificial sweeteners, is by far the
most commonly utilised approach in paediatric formulations; but is not the most
successful for highly soluble or very bitter drugs. Artificial flavours (grape, cherry,
raspberry, etc.) haabeen used to mask the taste of some saline drugs (Lankford
and Becked951). The combination of an effervescent citrate couple in
combination with cream and orange flavours was used to mask the bitter taste of
chlorpheniramine and phenylpropylamine {@aul995), lemon flavour was used

to mask the taste of famotidine (Wehling and Schuet883a); whilst cherry flavour
was used to mask the flavour of paracetamol (Wehling and Schaébib).

Vitamin B oral solutions, inosinate and fruit flavours (madiarly, orange) are

reportedto have been usetb have improved taste (Kobayastial 1992).

Monosodium glyceryrrhizinate, an artificial sweetener with a longer acting
sweetness, and flavours has been utilised to improve the bitter taste of guaifenesin
(Fawzyet al1998). Low levels of ammonium glyceryrrhizinate are used to mask the
bitter tastes of chewable multivitamin and analgesic tablet formulations, cough and
cold syrups, and oral antibiotics (Kurtz and Ful@93). Sorbitol, sodium saccharin,
sodium glutamate and vanilla flavours have been used to produce palatable

solutions of theophyine (Maegaket al 1993).

Lipids can be used to coat the buccal cavity (including the taste buds) and reduce
the flavourthresholdof bitter tasting moleules. Cimitedine can be tastmasked

by granulation with the lipid lubricant, glyceryl monostearate (Gottwetldl 1991).
Similarly, gabapentin can be mixed with gelatine, partially hydrogenated soybean oll
and glyceryl monostearate (Chau and Cherukf81) Palatable syrups of
carbetapentanecitratemdiphenylhydramine, paracetamol and noscapine can be
prepared using glycerine, polygylcerine fatty acid esters and triglycerides (Btiura

al 1992).

Formulations using lecithin, or related compounds can imerie taste of bitter

drugs. Soybean lecithin has been used to mask the unpleasant taste of the
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antibiotic, talampicillin (Kinoshita and Shibuy287). Similarly, suspensions of
LIK 2 & LK I 0 A R-ladibglob@in, BupgregsRhe bitter tastes of caffejmuinine
and papaverine (Kasturagi and Kurihae93).

Coating of bitter tasting drugs with hydrophilic agents provides one of the most
straightforward approaches to taste masking. The unpleasant taste of ibuprofen in
a suspension formulation, can besta masked (Motol&t al1995) using a mixture

of sodium carboxymethyl cellulose and sweeteners (sucrose, sorbitol and glycerine).
The bitter tasting antilatic, amoxicillin, can be tastmasked by granulating with
microcrystalline cellulose, and then nmg with hydroxypropylcellulose (Olthcét

al 1988). Tripolidine, can be tastaasked using hydroxypropylcellulose,

sweeteners and flavours (McCabeal 1992).

A variety of proteinaceous excipientsdizeen utilised to improve palatability.
Various aalgesics, hormones, enzymes, antibiotics, vitaminsdietary fibres have
been tastemasked using prolamine coatings; without impacting on bidakdity.
Amprilose was tastenasked by coating with calcium gluconate and sodium
alginate; the latter forrmg a gel on contact with water and effectively masking
unpleasant tastes (Nandzt al2002). A gebased sweet was developed to improve
the taste of paediatric paracetamol (Toraighial 1988). Sodium alginate mixed
with ibuprofen and added droise toa calcium chloride solution gives a
colourless and tasteless gel (Andetual 1998). The bitter taste of the antibiotic
clairithrsomycin can be taste masked by granulation with carbopol and polyvinyl
pyrrolidone (Saleki and Kesld97).

Complexation is welkdocumented approach to taste maskin@mplexes of
ibuprofen, hydroxypropyl -cyclodextrin and sweeteners improved the palatability
of ibuprofen solutions (Motol&t al1991). The strong bitter taste of
carbetapentane was decreassaynificantlyfollowing complexation (1:1) with
cyclodextrins (Kurasunet al1991). Similarly, bitter tasting drugs can be complexed
with ion exchange resins (EId2005). Polystyrene based catioexchange resins
(Indion CRR44 and 254) have been utilised to comphgtter tasting drugs;
diphenhydramine, chlorpheniramine, ephedrine, noscapine, and amphetamine

(Manek and Kamdlt981). The strong catiemexchange resin Amberlite IRI® can
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be used to mask the taste of the bitter tasting drugs like paroxetine (Ekcdr

2000).

Low solubility salts (dibenzylethylenediamine andditsylenediamine) of penicillin
and the magnesium salt of aspirin are tasteless (Natdd2002). Similarly, the
magnesium salts of dihydrocodeine, methylephedrine and chlorphenniramine,

together with sweeteners are palatable (Nishikawa and HyE398).
1.2.3.3Dygphagia tallenges

The anatomy of the buccal cavity within a paediatric patient is not a scaled d
version of that of an adukind differences exist between neonates and older
children,as well as between children and adults. The differences in¢ldens

Morris 1998)
(1) the oral cavity is small in a neonate andampletely filled by the tongue
(2) neonates have a sef sucking pads in the cheeks

(3) the soft palate andmglottisare in contact at restproviding an

additional valveat the back of the oral cavity

(4) the larynx and hyoid cartilage are both higher in the neck and closer to

the back of the epiglottis, providing additional protection teetairway

(5) the eustachiatube runs horizontally from the middle ear to the
nasopharynx (rather than the vertical angle found in older children and

adults).

Although, most medicinal products are developed as solid oral dosage forms,
typically tablets and capsules (Rubinst&888) more than 28460f adult patients

have difficulty in swallowing (dysphagia) these type of medicinal products, and for
paediatric and geriatric populations the percentages are much higher. Children
over the age ofive years can usually swallowtablet and those as young disree
years can be taught, particularly where they suffer frdmonic illnesses. Standard
tablets (without functional film coats) may be halved (if there is a biewa or
crushed(Richeyet al2012) However, due to difficulteencountered by children

with swallowing, alternive formulations, such as orbjuids, oral suspensions,
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elixirs, drops, dispersible and chewable tablets are often required. Injectable
solutions can be dosed orally, e.g. phytomenadione injection (RukeJrquhart

1997).
1.2.3.4Examples of paediatricoirmulations

Customised paediatric drug products must be carefully designed to overcome the
challenges described. As for adults, the most commonly used route of
administration is the oral route, but other routélsat may be considered are

topical, rectal, nasal, inhaled or intravenous. Some of these routes may offer
specific advantages for the paediatric population for example, the rectal and topical
routes both overcome issues associated with dysphagia andgtliay.

Traditionally liquid oral products have been used to treat children as these offer
dose flexibility and avoid swallowing difficulties but these product types also pose
many formulation challenges including potential chemical, physical and

microbiological stability anthste issuegNunnand Williams2005)

As described, unfortunately in many cases, there is a need to manipulate adult
medicines when a paediatric product is unavailable. Examples of manipulation
include the crushing or splitting of tablets, opening capsutesting suppositories,

or administering products designed for intravenous routes via alternative routes.
Such practical solutions have been used to influence the design of customised oral
paediatric formulations where oral liquid formulations are undable or non

developablgRicheyet al2012).

For example, a novel fixed dose combination tablet containing zidovudine and
lamivudine has been developed as rectangular tablets with multiple fraction bars
enabling the units to be split into 8 subunits enablidose flexibility by weight
(Kayitareet al2009).

Additionally, the concept of emptying capsules has driven the development of
granules for dispersion. Instead of being filled into capsules for single unit dosing,
the granules are filled into sachetaddesigned to be dispersed immediately prior

to administration e.g. Singul&r
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The use of mintablets to overcome swallowing difficulties associated with children
has also been explored. Tablets of 3mm diameter were dosed tsgreol children
(2 to 6years) with some success (Thomsaral 2009). Such formulations could be
used to dose immediate release or modified release formulations and could be

directly associated with the adult formulation.

Other types of solid oral formulations that may enhamoepliance within the
paediatric population are oral dispersible tablets, films, and melt formulations.
Examples of commercially available paediatric products and the associated dosage

form type are provided iffable 11.
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Table 11

designed for oral delivery.

Examples of commaeially available paediatric dosage forms

Product/ Brand Drug substance | Dosage format Rpgte Of.
Administration
Rapidly
Nurofen Meltlets Ibuprofen disintegrating Oral
Tablets
Diclofenac
Effervescent Diclofenac Effervescent Oral
Tablets, Hermes Tablets
(diclofenag
Aspirin . .
QuickMelts Aspirin Orally Dissolving Oral
o Tablets
(aspirin)
Paracetamol
ChewaglfLTablets Acetaminophen | Chewable Tabletg Oral
(acetaminophen)
LipiGesic
TenZiF())lrJ}rﬂ\élzgacm Aspirin Sublingual gel Sublingual
(USA)
Junior S'_[rength Ibuprofen ChewableTablets Oral
Motrin
: Diphenhydramine| Caplets, Liquid
Advil PM Citrate, Ibuprofen| filled capsules Oral
Childrens Advil
Sus;?](?:ig\rlli?hlldn Ibuprofen Suspension Oral
Flavored(USA)
Nexcede Ketoprofen Oral soluble film Oral
Nurofen for
Children-
Strawberry Ibuprofen Liquid Oral
Flavoured Fever §
Pain Relief
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1.3 Aims and Obijectives

The aim of this studisto develop asimplepolymeric paediatric dosage form
offering dose accuracylose flexibility whilst also addressing challenges associated

with swallowing difficulties

This workevaluates the spray drying of hypromellose and paracetamol to
determine ifspray drying of these materials is feasible artbiprocessed material

may dfer advantages over the binary mixing of polymer with drug substance.

The effect of temperature on aqueous solutions of hypromellose and hydroxyl
propylcellulose is evaluated to determine if temperature may be used to reduce
viscosityof polymer solutios. The effect of temperature on aqueous solutions of

HPCand HPC solutions containing paracetamol eandtidine hydrochloride

ONY YAGARAYS K&RNEROKTf 2 NR RtBroughbuithis tie$ssNB F S N.

investigatedusing UV transmission angsgosity testing.

These data are then used to develop HPC polymer films containing paracetamol and
ranitidine. HPC films are characterised to assess the potential use of pdijmeer

as a paediatric dosagerin platform.
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2. MATERIALS ANIHEORETICBAKGROUND TO

ANALYTICALECHNIQUHEJISED

A list of the materials, suppliers and theoretical kground to analytical techniques
usedthroughoutthe project is provided below. Where appropriate, specific details

associated with materials or methods used grevided in the relevan€Chaptes.
2.1 Materials

Details of the materials usatiroughoutthe project are provided in Table 2.1.

Table 2.1 Materials used in investigation

. . Batch
Material Grade Supplier Number
Paracetamol - GaxoSS1|<|thKI|ne 0709000128
Ranitidine Hydrochloride - GlaXOSUrEthK“ne K076008
ESLV Dow Chemical TA24012409
Hypromellose E15LV Company. US UC27012408
E50LV pany: UI14012401
EXF 65645
GXF 66643
HydroxyPropyl Cellulose HXF 68745
(HPC) IXE Ashlandinc., US 76799
LXF 77019
MF 74311
Polyethylene Glycol 400 Dow Chemical |y r1 97 aaK(
yethy y Company, US

2.1.1 Drug sibstances

Two drug substances were considered for this projpatacetamol andanitidine.

The rationale for selection of these drugs together vateummary of their
pharmacological application and batch details are pregiiere. As the datan

Table 2.4 and Table 2iléustrate each drugpasaWa t A IKGf & oA 0GSND
pose palatability challenges in the development of a paediatgage form. Thee

data also showthat the two drugs have different solubilitiesnabling the impact of

drug solubility to be assessed in the experiments conducted in this investigation.
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2.1.1.1Paracetamol

HO
O

X

NT TCH,

Figure 2.1  Chemical structure of paracetamol

Paracetamol (Figure 2.1) a paaminophenol derivative, has analgesic and

antipyretic properties and weak anAtflammatory activity. It is given orally or as a
rectal suppository for mild to moderate pain and for fever. It may also be given by
intravenousinfusion for the shorterm treatment of moderate pain, particularly

after surgery, and of fever. Paracetamol is often the analgesic or antipyretic of
choice, especially in the elderly and in patients in whom salicylates or other NSAIDs
(non steroidal antinflammatory drugs) are contrandicated. For example,

asthmatics, patients with a histgof peptic ulcer, and childrefBrayfield 2013).

Potential advantages of paracetamol over other NSAIDs are a much lower incidence

of commonly encountered gastriotestinal and renal side effec{gVilson 2000)

Though commonly used to treat fever and pain in children, paracetamol is also
recognised by the European Medicines Agency (EMA) deugrmsubstancéor

which greater research in paediatrics is required. Irtipalar, research into the

Walk FShe I yRISNFADIIOER AWI KINBSTFAOI 08 | yR

identified as being required.

Paracetamol is widely available in a range of formulations including suspensions,
tablets, and melt formulationsThe usual oral and rectal dose is 0.5 to 1 g every 4 to
6 hrsup to a maximum of 4 g daily in adults (or children over 12 years). In the UK,
the licensed doses of paracetamol for pain and fever in dmldgiven according to

age, areshown in Table 2.2.
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Table 2.2 Recommended paracetamol dose ranges according to age (Brayfield

2013).
Age
Route 28 10 32 wks >32 wks l1to3 | 3tol2| 1to5 | 6to12
months | months | years | years
20mg/kg as a 20_mg/kg asa
: single dose
single dose ther
then 10 to 15
100 15mgfkg | o every 6| 30 to 60
every 8to 12 | MIKIEVely 60to | 120to | 250 to
Oral . to 8 hrsif mgevery
hrsif necessary 120mg | 250mg | 500mg
up to a necessary up| 8hrs
1P to a maximum
maximum of 30
mglkg daily of 60mg/kg
daily
20mg/kg as a | 30mg/kg as a
single dose ther single dose
15mg/kg every then 20mg/!<g 30 to 60 6010 | 12510 | 250 to
Rectal 12 hrsif every 8hrsif | mgevery
125mg | 250mg | 500mg
necessary to a| necessarytog 8hrs
maximum of 30| maximum of
mg/kgdaily 60 mg/kgdaily

These doses may be given every 4 thr§if necessary up to a maximum of 4 doses
in 24hrs.

Doses byntravenousinfusion in children are calculated according to badsight
and shown in Table 2.3. Doses are usually administered over 15 minutes (Brayfield
2013):

Table 2.3 Recommended IV paracetamol dose ranges according to weight
(Brayfield 2013).
Weight
Route <1(kg 10 to 3%g 33 10 50kg >50kg
Single doses of 7.5 _ Single doses of 1
mg kgevery 4 or | Single doses of 15
mg/kgevery 4 or
morehrsto a mg/ kgevery 4 or
. morehrsto a
maximum of 30 morehrsto a . Adult
\Y, . . maximum of 60
mg/ kgdaily. IV maximum of 60 : doses
, : mg/kgor 3g daily
paracetamol has no| mg/kgor 2g daily ’ )
- . ; (whichever is
been studiel in (whichever is less) less)
premature neonates
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The recommended doses of paracetamol for children may result istreriapeutic
blood concentrations, and that an initial loading dose should be given, followed by
regular doses up to the recommended maximum daily dose. However, the
appropriate maximum d&r dose remains controversial, and there is obvious

concern given the risks of overdosage.

Paracetamol was sourced from GSK and has the phgsmmical properties given
in Table 2.4:

Table 2.4 Physicechemical properties of Paracetamol (Blbeid and ABadr

1985)

Attribute Value

Alternative generic names Acetaminophen

pKa 9.5

Molecular weight 151.16

Appearance White, crystalline powder

Odour Odourless

Colour White

Taste Slightly bitter

Melting point 16910 170.5C
Sparingly solublen water (30 to 100 parts
solvent for one part soluble by weight)

Solubility Freely soluble in alcoh@l to 10 parts
solvent for one part soluble by weight)
A saturated aqueous solution has a pH o
about 6

2.1.1.2Ranitidinehydrochloride

H,C O H H
SN S/\/ \CH3
R\ |
CH, HCI
NO

2
Figure 2.2  Chemical structure of ranitidindaydrochloride

Ranitidine (Figure 2.2) is a histamingdtitagonist which may be given orally or
parenterally by the intravenous or intramuscular routes to inhibit gastric acid
secretion. Ranitidine may be used to treat lggmgatric and duodenal ulceration,

duodenal ulcers associated wikelicobacter pyloiinfection, gastro-oesophageal
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reflux diseaseand stress ulceration of the upper gastrointestinal tract (Brayfield

2013). Ranitidine hydrochloride is the most commamgdsalt formof ranitidine.

Dosing is dependent upon disease type but in adults oral dosing is generally 150 mg

to 300 mg twice a day (Brayfield 2013).

Ranitidine is used in children to heal duodenal and gastric ulcers and to prevent
stress ulceration iwmritically ill patients. It is licensed in children, although
indications, age ranges, and doses may vary from country to co(Fabyle 2.5)
When given orally, ranitidine is licensed from ages 3 to 11 years and dkgr 30

body-weight in the UK, and frorh month to 16 years in the USA.

Table 2.5 Recommended ranitidine dose ranges according to age (Brayfield

2013)
Age
Route 1to6 | 6 months 3 to 11 years (UK) 12 to 18
Neonates 1 month to 16 years
months | to 3 year years
(US)
4 to 8 mgkgdaily as 2
doses, up to a max of
1 mgkg 300mgdaily for 4 to 8
2mg kg three 2to 4 weeks for duodenal
Oral three times | timesa | mgkg and gastric ulcers. Adult
aday (max 3 day (max| twice a 5 to 10mg/kgdaily in | doses
mg/ kg). 3 day 2 doses to a maximun
mg/ kg). of 600mgdaily for
gastrooesophageal
reflux disease.
05to1l
mg/ kgevery
6 to 8hrs 1 mg/kg(to a max of 50ng) every 6 to dirsby slow IV
IV OR injection or intermittent infusion at 28ng/ hrs
30 to 60 OR
pg/kd hrs 125 to 250ug/kg hrsby infusion.
(upto 3
mg/ kg/day)

Though commonly used to treat reflux oesophagitis, benign gastric and duodenal
ulceration, and prophylaxis of duodenal ulceration in children, ranitidine is also
recognised by the European Medicines Agency (EMA) deugrmsubstancéor

which greater research in paediatrics is required. In particular, the EMA indicate
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dosage fom containing ranitidine is not currently available.

Ranitidine was sourced from GSK and has the phyiemical properties given in

Table 2.6:

Table 2.6 Physicechemical properties of ranitidine (Hohnjeet al 1986)

Attribute Value
Alternative generimames Ranitidine Hydrochloride
pKa 2.7 and 8.2

Molecular weight

350.9 (HCI) 314.4 (Base)

Salt conversion factor

1 part of free base equivalent to 1.116 g

0KS WiGKS RS@St2LIYSyi

HCI salt
Appearance White or pale yellow, crystalline powder
Odour Practically odourless
Colour White or pale yellow
Taste Slightly bitter
Melting point 140°C
Freely soluble in watgl to 10 parts
solvent for one part soluble by weight)
Sparingly soluble in alcoh¢0 to 100
Solubility parts solvent for one part soluble by
weight)
A 1%solution in water has a pH of 4.5 ¢
6

2.1.2 Polymers

Hydrophilic polymers are used routinely in pharmaceutical dosage forms as they are
safe and well tolerated and offer excellent functionality. Polymers can be used as
suspending agents in oral suspensions; as controlled release polymers in oral

sustained réease matrix tablets and as film formers in film coatings.

Two hydrophilic polymer types were considered for this project; Hypromellose and
HydroxyPropylCellulose (HPC). The rationale for selection of these polymers
together with a summary of their pharnsautical application, chemical properties

and relevant details of the specific grades of hypromellose and HPC investigated in

this project are provided here.

2.1.2.1Hypromellose
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Hypromellose is one of the most commonly researched and frequently utilised
polymers in pharmaceutical product development, having many applications
including; modified release matrix tablets, binder in granulation processes, viscosity
enhancing in suspei@ products and as a film forming agent in coatings.
Hypromellose is a polypropylene ether of methyl cellulose derived from cotton or
wood pulp and contains a basic repeating structure of anhydroglucose units. It is a
non-ionic, hydrophilic, swellable pginer with a pH of 5 to 8 (w/v). The chemical

structure of hypromellose is shown Figure 2.3.

OH

Figure 2.3: Chemical structure of hypromellose

The physicochemical properties of hypromellose are affected by i) its methoxyl
group content ii) its hydroxypmpmoxyl group content and iii) its molecular weight or
degree of polymerisation (Dow 2013). A number of grades of hypromellose are
available based upon theskree characteristics of its chemistry. The United States
Pharmacopoeia (USP) recognises 4 diffetgoes of hypromellose based upon the
methoxyl and hydroxypropoxyl substitution of the molecule. These different types
are classified as hypromellose 1828, hypromellose 2208, hypromellose 2906 and
hypromellose 2910. The first two digits indicate the petegie number of methoxyl
groups and the last two digits indicate the percentage number of hydroxypropoxyl
groups e.g. hypromellose 2208 contains%af methoxyl groups and &
hydroxypropoxyl groups.

Hypromellose may be further characterised accordinth®viscosity of a Zow/v at
25°Caqueous solution of the particular polymer. The viscosity serves as a measure

for the average chain length of the polymer, the degree of polymerisation and
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provides a relative indication of the molecular weight (Jueted 1995). A range of

viscosity grades of hypromellose 2208 and 2910 is available and provides good
flexibility for achieving desired function within the dosage form. Some

YIydzZFl OGdzZNBENER |NB F+faz2 |o6fS (G2 adzlxe v
polymer particle size, the polymer particles are able to hydrate and solubilise more
readily (Mitchelland Balwinsk2007). Finer grade material may offer advantages to

its function within dosage form®.g. a more rapidlgydrating gel layer in matrix

tablets.

Hypromellose (Methoc& supplied by The Dow Chemical Company (Midland,
Michigan, USA) was used in this investigation. The particular grades of Méthocel
chosen for this investigation are shown in Table 2.7. The Methocel grades are

categorised accordingtviscosity of the polymers at%aqueous solutiorfTable

2.7).

Table 2.7 Details of Methoceffgrades slected (Dow 2013)

Viscosity
MethocelGrade (as 2%w/w aqueous Particle Sizé
solution)
E5LV 5cP (4cP to 6¢P) 100 %passthrough 30
E15LV 15cP (12cP to 16cP) mesh screen;
E50LV 50cP (40cP to 60cP) | 99 %passthrough40 mesh
screen

Note

1. Patrticle size of polymer is presented as provided by The Dow Chemical Company.
30 mesh screen is equivalent to 595 um and 40 mesh is equivalent to 400 um. 99
%by mass of the polymer will pasrougha 400 um screen.

2.1.2.2HPC

HPC is a neionic, water soluble, partially substituted poly(hydroxypropyl) cellulose
ether, available in a range of molecular weights, viscosities and patrticle sizes. HPC is
manufadured by reacting alkali cellulose with propylene oxide at elevated
temperatures and pressures. The propylene oxide can be substituted on the

cellulosethroughan ether linkage at théhree reactive hydroxyls present on each
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anhydroglucose monomer unit tiie cellulose chain (Fulzele and Hamed 2013). The

chemical structure of HPC is shown in Figure 2.4.

OH
H O- CH;CH-CH,
H
H
H O"CH;CH-CH, CH,
OH O- CH;CH-CH,
O' CH;CH-CH,

Figure 2.4: Chemical structure of HPC

Similar to hypromellose, the physicochemical properties of HPC are attributable to

i) the degree of hydroxypropglubstitution and ii) the molecular weight or degree

of polymerisation of the molecul@Hercules 2001). However, unlike hypromellose,

HPC is not generally available in a range of different levels of substitution. Only two
types of HPC are commercially agble; one has a molar substitution of 3.5 to 4.5

of hydroxypropy! groups (approX086d dz6 8 G A G dzi A2y 00X FyR GKS
ddz0 a0AGdziSR 1t/ Qs KIFa F Y2t NJ &adzoadAiddzi
and is available from some manufacturerswlsubstituted HPC has very different
properties to the standard type and is generally used as a disintegrantd soli

dosage forms (Kawashinea al 1993)

HPC is available in a range of molecular weights and viscosities, swakioas

applications basedn their characteristics.

Five grades of HPC (KIfaupplied by Aqualon (a division of Hercules
Incorporated, Wilmington, USA) were used in this investigation: MXF Pharm, EXF
Pharm, GK Pharm, JXF Pharm and LF Pha&ta.viscosity, molecular weightén

particle size of these polymer grades are shown in Table 2.8.
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Table 2.8 Klucel grade material ppperties (Aqualon 2004)

Viscosity Typical . )
KlucelGrade (cP)/Aqueous Molecular Part\;\c/:é? ige (by
Solution ( %w/w) weight g
HXF Pharm 1’510(2) tv?llsvooo 1,150,000 | 99.9 %<60 Mesh
MXF Pharm 400; szvssvoow 850,000 | 99.9 %<60 Mesh
GXF Pharm 152 (f/‘zv\‘;s\?cp 370,000 | 99.9 %<60 Mesh
JXF Pharm 152 (f/‘zv\‘}/(\:\?cp 140,000 | 99.9 %<60 Mesh
LE Pharm 755%}0 \}V?V?ICP 95.000 99.9 %<20 Mest
EXFPharm 301%t;) SV?V?ICP 80,000 99.9 %<60 Mest

HPC grades are categorised according to the polymer molecular weight and

viscosity is determined varies dependent upon the molecular weight of the
LI2f@YSNX ! £t 3INFRS& 27F ol5tS/y 2liNGR 0@ A fyl G-
grade name, e.g. EX6EOS LII -IRINREKS® ®WKS RSTFAYyAlAZY
are based on 99.%by mass of the polymer passitiyougha 60 mesh (equivalent

to 250pum). The particle size of LF Pharm is described a8@$/9nass of the

polymer passinghrougha 20 mesh (equivalent to 841um).

2.1.3 Other materials

In addition to the drug substances and polymers considered in this investigation,

purified water wasalso used
2.1.3.1 Purified water

Purified watemmeeting USP monographassourced from GlaxoSmithKline.
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2.2 Analytical Technigues

A range of analytical methods wased hroughout the investigation to
characterise the spragiried material, film solutions and films. The analytical
methods are summaresi here and further details are provided in the relevant

Chaptes.
2.2.1 Determination ofviscosity

The viscosity of the solutions was used in the characterisation of polymers. The
viscosity ofa polymer solution is a key physical parameter for spiaying and may
affect the characteristics of the spralyied product produced (Cal and Sollohub
2010; Sollohub and Ca010). Viscosity testing was used extensively to characterise

the impact of tempeature on agueous solutions of both hypromellose and HPC.

The viscosity of a fluid describes its resistance to flow or movement. It is a measure
of the internal friction of a fluid. Therefore, viscosity is often used to describe the
flow properties of mateials. Friction within a fluid becomes apparent when a layer

of fluid is made to move in relation to another. The greater the friction, the greater
the amount of force required to cause this movement, which is calhezhr
(Viswanathet al2007) Viscosity(' ) is a function of shear stre¢B) and shear ra¢

(9 as shown in Equation 2.
T Ck{ (Equation 21)

. FaSR 2y AdGa NKS2t23A0Ff o0SKIF@A2dz2NE | T
b S g ( 2 Wawtoyliah duidsdemonstrate therelationships shown in Figure 2.6
between these liree factors.

S

)
A A

v

mV

A F B

Figure 25 The behaviour of Newtonian fluids
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An increase in shear stress resultsilinear increase in shear ratas shown in Fig.
2.6A but viscosityemains constant with an increase in shear r@e shown Fig

2.6B) for Newtonianldids.

Non-Newtonian fluids do not follow these principles. The relationship between
shear stress and shear rate is Alomear and not constant. A change in shear rate
will not necessarily result in a similar change in shear stress@mskquently the

viscosity of a an-Newtonian fluid will change with a change in shear rate.

Depending upon the change to viscosity caused by shear rate oy theie are

different types ofnon-Newtonian fluids Yiswanathet al2007)
)] pseudoplastic (decrease in viscosity with an increase in shear rate)
1) dilatant (increase in viscosity with an increase in shear rate)

iii) plastic (behaves as a solid until a specific amount of shear is applied and

then shear thins)
Iv) thixotropic (decrease in viscosity at constant shear with increase in time)
V) rheopectic (increase in viscosity at constant shear with increase in time).

Brookfield vscometers were used to measupelymer viscosity. RVDM
viscometer(Brookfield UK) was used to measure polymer solution visc(ség
Chaptes 5 and $and a LVDM viscometer(Brookfield UK) with small sample
adaptor was useds describedn Chapter7. More details about the viscometer

model and test parameters are founa thoseChaptes.
2.2.2 Ultraviolet spectrometry

Ultraviolet spectrometry is the measurement and interpretation of ultraviolet
radiation absorbed, scattered or emitted by atoms, molecules or other chemical

species. Ultraviolet lightasa wavelength of 20@émto 400nm (Willardet al 1988).

UV transmission was used in this work to characterise the polymer solutions and to
investigate the potential formation of liquid crystals in aqueous HPC sotution

(Maugey and Navard 2002). Ubsarbance was used in this work to measure drug
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content and dissolution rate of drug for polymer films produced and characterised

in Chapters.

UV transmission analysis is a form of UV spectroscopy measuring the amount of
light at a particular wavelengtthat is transmittedthrougha sample and is the

opposite to UV absorption spectroscopy that measures the amount of light
absorbed of a particular wavelength by a particular species within a sample (Willard
et al1988).

The radiant power of a beam of radiaii is proportional to the number of photons
per unit time. Absdoanceoccurs when a photon collides with a molecule and raises
that molecule to its excited state. The number of photon collisions with a molecule
will depend upon the wavelength selected. Tinember of photon collisions will be
increased by increasing the path length that the light beam pa$sesghthe

sample or the concentration of the absorbing species. Increasing the beam power
will also increase the number of photon collisioAbsorbare may be defined by

the BeerLambert law (Equation.2).

A =log PP = abC (Equdion 2.2)
Where:

A is absorbance

Py is radiant power at source

P is radiant power of the transmitted radiation that emerges from absorbing

medium (unabsorbed power)

ais proportionality constant (absorptivity)
b is path length

C is concentration of test solution

The absorbance (A) is proportional to the concentration (C) of the solution and the
length (b) of the layer of solutiothroughwhich the light passes. Calated on the
basis that b is 1 cm and c i$dw/v solution, the absorbance is called specific

absorbancdA' *,¢,)

36



Percent ransmssion T, is defined by Equatidh3
%T = P/x 100 (Equation 2.3)

Meaning thatabsorbance is the inverse logtodnsmission (Equation 2.4).
A=logl/T=logT (Equation 2.4)

Application of UV transresionand absorbance is provided @hapter4.

2.2.3 Hot stage nicroscopy

Hot-stage microscopy combines microscopy and thermal analysis to enable the
characterizaton of the physical properties of materials as a function of temperature
(Vitezet al1998). More recently, hot stage microscopes have been integrated with
high resolution cameras, data capture software and image manipulation software to
enable thermal imags to be reliably collected over time as the sample is heated at
a predetermined rate or for a preletermined period of time. The use of data

capture software prevents the need for the analyst to constantly observe the
sample for extended periods of tim8ample holders may be programmed to

control temperature changes over time so that carefully prepared programmes may
be developed to monitor changes to the sample over a predetermined range of
temperatures or at a predetermined rate in change of temperat(Vitezet al

1998). Temperature cycling may also be considered if applicable.

A schematic diagram of a typical hot stage microscope sample holder is shown in
Figure 2.7. The diagram shows a silver heating block elehatdtbetween the

stage lid and base plate. Both the stage lid and base plate have a window to allow
light to pass through the sample. A sample is prepared as normal using a glass cover
slip and inserted above the silver heating block element. All otheeds of the
microscope are comparable to a conventional light microscope e.g. condenser lens

and objective lens.
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Objective Lens
Lid window
Stage lid

Glass cover slip

Silver block heating
element

Stage base plate
Base window

Condenser Lens

Figure 2.7  Schematic diagram of hot stage microscopample holder(Mirjalili
et al2012)

Hot-stage microscopy is used in a variety of ways to confirm transitions observed
using other techniques. Hattage microscopy may be used for the sdlidte
characterization of bulk drugs, evaluation of crystal forms and hydrates, and other

physicechemtal properties (Shuand Price2012).

Hot stage microscopy was used in this work to complement UV transmission to
monitor the potential liquid crystal formation in aqueous polymer solutions. A hot
stage microscope integrated with a highsolution camerareal time video

capability and computer software was used to observe changes in aqueous polymer
solutions at increasing temperature. (Vitezal 1998).Details of the hot stage

microscopy method used in the work may loeifid inChapter?.
2.2.4 Dissolutin testing

Dissolution testing is a commonly applied characterisation technique for oral
dosage forms. The principle aim of the technique is to determine the dissolution
rate of the active substance from the dosage form. A number of dissolution
techniquesare described by pharmacopeia such as the British Pharnoa@apthe

US Pharmacopeia and the European Pharmaeem@p Thesg@harmacopoeiaspecify

the apparatus requirements including dimensions of each of the techniques (British
Pharmacopoeia 2013jnited States Pharmacopeia 35/National Formulary 30; and
European Pharmacaeia 7" edition). The US Pharmacopeia for example describes

four types of dissolution apparatus i) baskets (USP 1); paddles (USPII); reciprocating
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cylinder (USPIII) and flethrough cell (USPIV)UYnited States Pharmacopeia

34/National FormulargChapter711, General Dissolution).

Dissolution using paddles is the most commonly used technique for immediate
release dosage forms. Dissolution using USPII (paddles) with UV absorbance is used
(seeChapter9) inthis investigation to measure paracetamol release from the

polymer films.

Selection of the dissolution media is critical to determiningitieivorelevance of

the dissolution data obtained. For example, most immediate release solid oral
dosage forms will be presented intact to the stomach following administration so a
dissolution medim representative of the stomach contents provides greater insight
to the impact of the stomach contents on the dissolution of the dosage form
(Juenemanret al2011, Wagneet al2012) For this investigation purified water

was selected as the dissolution media. Further details of the dissolution technique

applied to characterise the polymer films is providecCimapter8.
2.2.5 Disintegration esting

Disintegration testing is a commonly applied characterisation technique for oral
dosage forms. The principle aim of the technique is to determine the time taken for
the dosage form to disintegrate. Pharmaaaa such as the British Pharmaceya,

the US Parmacopeia and the European Pharmaceia, describe disintegration
methods and apparatus applicable to the testing of tablets and capsules but they do
not describe a method or apparatus specific for oral fi{Bistish Pharmacopoeia
2013;United States Plranacopeia 35/National Formulary 30; and European

Pharmacopoeia'7 edition).

A disintegration technique described by Chen 2006 was used in this investigation

and details are provided i@hapter8.

Dissolution testing and disintegration testing techniques aften used together to
predictin-vivobehaviour of the dosage form. Disintegration testing indicates how
quickly the dosage form will be reduced to component partiglegvothus

enabling thedrug substance to be dissolved in the dissolution medgasgtro

intestinal fluid). In this investigation, the disintegration technique employed is
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designed to mimic disintegration of the polymer film on the tongue in the mouth
cavity. The dissolution technique is designed to predict how quickly the drug would

dissolve in the mouth following disintegration of the film.
2.2.6 Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy is an alternative microscopic technique to light
microscopy Scanning Electron Microscopifers a much greater depth of field
compared with light microscopy and therefore is able to genetiatee-
dimensional imagesScanning Electron Microscosyalso able to measure smaller

particles compared with light microscopy (Egerton 2005)

Scanning Ekttron Microscopyses a focused beam of higimergy electrons to
generate a variety of signals at the surface of solid specimens. The signals that
derive from electron sample interactions reveal information about the sample
includingparticle shape and fwography Sizeganging from approximatel$
micronsto 1 cmin width can be imaged using conventional SEEFhhiques.
Magnificationsfrom 20x to 30,000x with spatial resolution of 50 to 108 are
possible(McMullan 1995).

The principle of SEM is that @sificant amount of the kinetic energy carried by the
accelerated electrons is dissipated as a variety of signals produced by electron

sample interactions when the incident electrons are decelerated in the solid

sample. These signals include secondargtedas that produce SEM images but

may also include backscattered electrons, diffracted back scattered electrons,
photons, visible light and heat. Secondary electrons and backscattered electrons are
commonly used for imaging samples; secondary electroos/sty morphology and
topography and back scattered electrons for illustrating contrast in composition in
Ydzf GALIKEFAS alkYLXES 093aSNI2Yy wHnnpOd {9a |
possible to analyse the same materials repeatedly (Végits J0y2006).

Scanning Electron Microscopy is routinely used to generate high resolution images
of shapes of objects; to show spatial variations in chemical composition; and to
identify phases based on qualitative chemical analysis and crystalline structure
(Chrkeand Eberhad2002).
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Though SEM has vast application in the study of solid materials, the technique does
have limitations. For example, the samples must be solid and fit into the microscope
chamber. Typically the maximum size is 10cm x 0.4cm andathple must be

stable under vacuum (Egerton 2005).

Details of thescanning electron microscopesed in these investigations may be

found inChapter4.

2.2.7 Differential Scanning Calorimetry (DSC)

DSC measures the amount of energy required to keep a sahfe same

temperature as a reference. It measures the enthalpy of transition. When there is

no physical or chemical change within the sample there is no change in temperature
of the sample nor need to input energy to maintain an isotherm. When a phase
change occurs latent heat suppresses the temperature increase or decrease and the
change in temperature or isothermal energy required is determined (Wendlandt
1986). DSC can be used to measure a variety of physical changes including, changes
in crystalline tate and determining melting point or glass transition temperature

(Griffin and Laye 1992)

DSC was used in this investigation to determine if polymer films have a glass
transition temperature. Details of the DSC method employed may be found in
Chapter4.

2.2.8 Thermal Gravimetric Analysis (TGA)

TGA can be used to measure loss in weight as a function oftichender

isothermal conditions where transitions involve dehydration or decomposition
(Honda 1911). The rate of such thermally induced changes reciidn of molecular
structure. Changes in weight result from physical and chemical bonds forming and
breaking at elevated temperatures. TGA data can be used to characterise materials
as well as investigating the thermodynamics and kinetics of the reaciots

transitions that result from the application of heat to the sample (Dollimore 1992).

TGA may be used in isolation or with differential thermal analysis as all weight

change processes absorb or release energy (so are measureable by DSC) but not all
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energy change processes are accompanied by changes in weight (Clagugley

Warrington1992)

TGA was used in this investigation to complement the DSC analgsi3 éhd to
gain an insight into the stability of the polymer films produced. Details of the TGA

method andapparatus used may be found @hapter8.
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3 PrREPARATION GBLYMEROLUTIONS FOR

(HARACTERISATICHBPRAYDRYINGNDHLM

FORMATION

Polymer solution preparation is fundamental to this investigation as it is required
for all aspects of thithesis. Spay drying of polymer solutions is considered in
Chapter4 to investigate the potential to eprocess hypromellose wittirug
substancethe impact of temperature on polymer solution characteristics is
considered irChaptes 5, 6 and 7; and filfiormation from a polymer solution is

investigated inrChapter9 to prepare an age appropriate oral dosage form.

ThisChapterprovides preparation details for aqueous solutions of hypromellose or

HPC; with or without paracetamol or ranitidine.

3.1 Preparation of Polymer Solutions

Aqueous polymer solutions were ustdoughoutthis investigation. Aqueous

solutions containing i) hypromellose E5, E15 and E50LV were considespadgr
drying ii) HPC grades EXF, GXF, JXF, LXF and MXF were comsideterstand

the impact of temperature on the polymer solution and iii) HPC EXF was considered
for film formation and characterisation. The method of preparation of aqueous

polymer solutions using hypromellose and HPC is described below.
3.1.1 Preparationof hypromellose slutions

Formulation details for each aqueous hypromellose solution prepared may be

found inChaptes 4 and 5.

Aqueous solutions of hypromellose were prepared by slowly heating the required
guantity of purified water to75°Cto 85°Cin a tared glass beaker using a hot plate
(IKA magnetic stirrer and hotplate, Germamyih calibrated temperature probe
thermostat (IKA, Germany) whilst gently stirring using a magnetic bar (Fisher, UK).
Once within the required temperature range the required quantity of hypromellose

was dispensed and slowly added to the water whilst continually stirring. It was
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important not to add the hypromellose too quickly as the polymer tended to
hydrate and swell, &coming difficult to dissolvéifter dispersing the hypromellose
powder at75°Cto 85 °C the dispersion was allowed to cool to ambient
temperature with constant stirring using the magnetic stirrer. The hypromellose
hydrated and dissolved as the solutiomoted. The dispersion was mixed at room
temperature until all hypromellose had fully dissolv®dhere necessary, the
hypromellose solution was made to weight with purified watachagueous
hypromello® solution was transferred to @ear glass bottle @y for use or stored

at ambient temperature.
3.1.2 Preparation of HPCadutions

Formulation details for each aqueous HPC solution prepared may be found in
Chaptes 6, 7 and 8.

HPC solutions were prepared using a similar method to that used for hypraaello
however, it was not necessary to heat the purified water prior to dispersion of the
HPC. The required quantity of the appropriate grade of HPC was dispensed and
slowly added to the required quantity of purified water in a tared glass beaker at
ambient mperature whilst continually stirring using a magnetic stirrer without
heating (IKA magnetic stirrer and hotplate, Germany). The HPC dispersion was
mixed until the HPC was completely dissolved and a clear solution achieved. Larger
molecular weight gradesf HPC took longer to dissolve aimdsome cases it was
necessary téeave the solution mixing oveight to fully solubilise the HRP@/here
necessary, the HPC solution was made to weight with purified wtataqueous
HRC solution was transferred todear glass bottle ready for use or stored at

ambient temperature.
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3.2 Preparation of Drug Polymer Solutions/Dispersions

Drug polymer solutions or dispersions were prepared using hypromellose or HPC
and ranitidine or paracetamol. Drug polymer solutions or dispersions are used
throughoutthis investigation. Formulation details may be found in the relevant

Chaptes.
3.2.1 Preparation of hypromellose drugalutions/dispersions

Drug polymer solutions or dispersions using hypromellose were prepared using a
similar method to that described iBection3.1.1 The hypromellose was dissolved

in half of the required quantity of water.fé&er dispersing the hypromellose &6°C

to 85°Cand solubilising whilst cooling to ambient temperature as previously
described, the drug solution/dispersion was prepar&d.the other half of the
required quantity of water, the paracetamol or ranitidineygder was slowly added
at ambient temperature and dispersed using the magnetic stirrer (IKA, Germany).
After dispersing the paracetamol or ranitidine, the dispersion was added to the
hypromellose solution and mixed using a high shear Silverson L4RT Silxerspn,
UK) with homogeniser head fitted at 1800rpm (1600 to 2000rpm). Care was taken
to avoid excessive entrapment of air during homogenisation. The dispersion was
homogenised until a clear solution or a smooth, lufrge homogeneous dispersion
(for higher concentrations of paracetamol) formedl stainless steel spatula was
used to examine the dispersion for lumps and consistenoy.dfugpolymer
dispersion or solution weamade to weight with purified water. The aqueous drug
polymer hypromellosesolution/dispersion was transferred to a clear glass bottle

ready for use or stored at ambient temperature.
3.2.2 Prepaation of HPC drug solutionsfdpersions

Drug polymer solutions or dispersions using hypromellose were prepared using a
similar method o that described irSection3.1.2 above. The HPC was dissolved in
half of the required quantity of water. After solubilising the HPC in half of the
required quantity of purified water the paracetamol or ranitidine powder was
added (at ambient temperaturdd the remaining quantity required of purified

water and dispersed or dissolved using the magnetic stirrer (IKA, Germany). After
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dispersing the paracetamol or ranitidine, the dispersion or solution was added to
the HPC solution and mixed using a high si8erson mixer LART (Silverson, UK)
at 1800rpm (1600 to 2000pm) with homogeniser head fitted. Care was taken to
avoid excessive entrapment of air during homogenisation. The dispersion was
homogenised until a clear solution or a smooth, lufrge homogneous dispersion
(for higher concentrations of paracetamol) forme&lstainless steel spatula was
used to examine the dispersion for lumps and consistenoy.dfug polymer
solution/dispersion was made to weight with purified water. The aqueous drug
polymer HPC solution/dispersion was transferred to a clear glass bottle ready for

use or stored at ambient temperature.
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4 FEASIBILITY G3PRAYDRYINGAQUEOUS

HYPROMELLOSBLUTIONS

4.1 Introduction

As discussed i@hapterl, the use of excipients, particularly in paediatric patients
aK2dZ R 06S YAYAYA&aSR® ¢KS RN}YTG 9a! 3IJdzAR
development of medicines for paediatric use' (EMA 2G&8uires the use of

excipients in pediatric patients to be pifsed and minimized to avoid safety

concerns that mape associated with the excipient. Reducing the level of excipients

will also help miimize the size of the dosagerin which is particularly important

for oral solid dosage forms.

Chapter5 of this irvestigation considers the potential to qocess ardrug
substancgparacetamol), with a hydrophilic polymer (hypromellosespyay
dryingto investigate if the cgprocessed material offers advantages over a binary
mix of the two materialsThisChapterconsiders the feasibility afpraydrying
agueous solutions of hypromellogefore considering the addition of tharug

substanceas discussed i@hapters.

As described by Paudet al (2012), hypromellose is commonly used to stabilise
suspensions faspraydryingbut very little work has been conducted to investigate
the aqueousspraydryingof hypromellose to produce spragried hypromellose
powder. Alanazet al (2006) described a solvergpraydryingtechnique using
indomethacin and hypromellose. &lapplicability of the processing parameters

determined will be considered here, for an agueous based system.

Within thisChapterthe preparation of polymer solutions; the influence of
temperature on polymer solution viscosity, the development of a suitapray
dryingprocess and the comparison of sprdyed and non spragried materials are

considered.
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4.2 Materials and Methods

The followinghypromellose, Methoc@grades were used for this investigation:
A E5LV Premium
A E15LV Premium
A E50LV Premium

Details associated with these polymer grades may be fouhapterl. In this
investigation a range of aqueous polymer concentration®{Bw to 30 %w/w)
were considered. Table 4.1 shows the polymer solutions considered i@ hiister
and the respective formula of each solution based on polymer concentration is

provided in Table 4.2.

Table 4.1  Aqueous hypromellose solutions considered

Polymer Concentration
(Yowiw)
5
MethocelRE5SLV 20
30
5
30
5
30

Polymer Grade

Methocel®E15LV

Methocel®RE50LYV

Table 4.2 Quantitative composition of aqueous hypromellose solutions (per

5009 of solution)

Polymer Concentration

5 %wiw 10 %w/w 20 %w/w 30 Ywliw
Excipient Content | Quantity | Content | Quantity | Content | Quantity | Content | Quantity
P (Yowiw) (9) (Yowiw) (9) (Yowiw) (9) (Yow/w) (9)
Polymer 5.0 25.0 10.0 50.0 20.0 | 100.0| 30.0 | 150.0
Purified | oz | 475.0 | 90.0 | 450.0 | 80.0 | 400.0| 70.0 | 350.0
Water
Total 100.0 | 500.0 | 100.0 | 500.0 | 100.0 | 500.0 | 100.0 | 500.0
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4.2.1 Preparation ofaqueous lypromellosesolutions

Details of the method used to prepare the aqueous hypromellose solutions are

provided inSection3.1.1.
4.2.2 Physical ppearance ofaqueous lypromellosesolutions

Once prepared, the solutions were examined to determine their flowpprties by

gently stirring the sample using a spatula to determine howlg#se solution could

be agitated. If the solution was difficult to stir using the spathlabS ® AYFHE A G
considered to have poor flow and therefore would not be iniyi@onsidered for
spraydrying High viscosity polymer solutions would only be consideredpoay

dryingif similar low viscosity solutions could be successfully sgriag or if an

increase in temperature of the polymer solutions reduced polymer smiuti

viscosity.

The flow of the solution determined by stirring using a spatula was described as

follows:

WD 2 @tReGolution could be easily agitated/stirred using a spatula.
1 WC Igthé\salution could be agitated but the surface of the solution took
slightly longer to settle following agitation.

1T Wt 2@AtM&E> very difficult to agitate/stir the solution.
4.2.3 Viscosity étermination of agueous hypromellose solutions

The theoretical aspects associated with the measurement of viscosity are described

in Section2.2.1.

The viscosity of apraydryingsolution is critical to thepraydryingprocess. High
viscosity solutions may be difficult to transfer to the atomising nozzle and
consequently spray rates may be very slow, ultimately affecting the spirag

material produced (Malteseat al2008).

The viscosities of those solutions shown in Table 4.1 were measured to assess their
suitability forspraydrying Based on visual observations highly viscous solutions

were not considered for spragrying.Soltions which formed a gel were eliminated
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from further investigation as these were considered unsuitablesfoaydrying
Solutions which did not form a gel were considereddpraydrying For the
purposes of this work a gel is definedaesolution ofhypromellose which forms a

semisolid.

The viscosity of each soluti@elected for spraylryingwas determined using a

RVDT | Viscometer (Brookfield, UK). Spindle speed and spindle number were
selected as appropriate (refer to Table 4.5). 650mL of polysokition measured

using an 800mL measuring cylinder, was used per viscosity determination in a 1L
beaker. Viscosity was initially determined at ambient temperature with the
viscometer guard leg in place to aid reproducible location of the spindle irette t
solution for each test conducted and to ensure that the spindle height was
reproducible between samples. The viscosity readirfgiarque was recorded

every minute for 5 minutes, timed using a calibrated stop watch, and the mean
viscosity in centipoises over 5 minutes was calculated after applying the appropriate
WHAaO02aAle FFOG2ND | ORMGKNBEAY®E (2 . NR21 FA

The impact of temperature on viscosity was also determined. A 2L glass beaker was
filled with 500mL of purified water and heated to the target temperature using an
IKA magnetic stirrer/hotplate (IKA, Germany). The test temperature was controlled
to = 5Cduring testing using a IKA calibrated thermostat temperature probe (IKA,
Germany). The test solution was placed inlaldeaker and the beaker suspended in
the heated water using a clamp during viscosity testing. This method prevented
significant and loalised heating of the test solution caused by the hot plate.

Viscosity was determined at ambient temperature;@Qt 5°Q and 60C(x 5°Q.

Once the test solution had reached the required temperature the viscosity was
determined every minute for fivenins. Viscosity of each solution was measured in

duplicate and theneanof ten viscosityneasurementsvas determined.
4.2.4 Spraydrying of aqueous hypromellose solutions

Spraydryingwas used to investigate the influence ofpoocessing the cellulosic

polymer, hypromellose with therug substancg@aracetamol.
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4.2.41Process werview

Spraydryingis a processing technique which dates back to th® déntury and is
used today in a number of industries including the food and pharmaceutical
industry. Typical spragiried products are dry milk powder, detergents, and dyes.
Spraydryingcan also be used to preserve food (Masters 1991). Within the
pharmacetical industry, the technique may be used tojmmcess two or more
materials to optimise their combined functionality, to change the physical
properties of a powder to improve flow or change the particle size to improve

bioavailability (Okuyamat al2006 Alanazet al2006).

The basic principle of the technique is to remove the solvent from a liquid feed e.qg.
suspension, solution, dispersion or emulsion by spraying the feed into a hot drying
medium. The dried product usually takes the form of powderrangles and its

properties may be controlled by the processing parameters used (Shabde 2006).

Feed
composition,
Solvent,
Formulation,
Sample volume

Aspirator

i
'I Heater ,3

Drying
chamber

Filter

Product
vessels

Figure 4.1  Principle components of apraydrying process (after: Aghbashlet
al 2012).

51



Spraydryinginvolves evaporation of moisture from an atomised feed by mixing the
spray and the drying medium. Typically, the drying medium is air. Drying continues
until the desired moisture content of the particles is reached and they are then

separated from the ai(Aghbashlet al2012).
A spraydryingprocess typically consists of four sequential processes:
1. Atomisation of the liquid feed,

2. The mixing of the atomised liquid feed with the drying air resulting in

heating andsubsequent mass transfer,
3. The constant flow of heated ainroughthe system, and
4. The drying of the spray and the separation of the product from the air

A typical fluid bed driecomprisesa feed system which is used to transfer the liquid
product into the drying chamber via an aising nozzle (Figure 4.1). A heater heats
the intake air and passes it into the drying chamber where the product is dried. A
cyclone separates the product from the air flow and the sptegd material is
captured in a container. The air may then be réegioor exhausted depending upon
the design of the spray drier. A temperature sensor at the inlet and outlet is used to
maintain the drying conditions (Shabde 2006, Malteseal 2008).

The citical process parameters associated wsiraydryingare a)the solids

content of the solution (or liquid feed), b) the feed rate, c) the air volume, d) the
atomising air pressure, and e) the inlet temperature. The humidity of the inlet air is
also critical but may not be able to be controlled (Telagneet al2007, Véring
2007).

These process parameters interact to affect the process and/or physical properties
of the spraydried material. For example, an increase in solids content of the spray
solution could result in an increase in particle size of the sdraad material and

also increase the rate of production of sprdyed material. Feed rate also

influences the rate of production but it also influences particle size; a faster feed
rate usually results in smaller particles (Cal and Solluhub 2010). As theatee

becomes faster, more energy is required to dry the particles and consequently the
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outlet temperature decreases and the residual moisture content increases

(Maltesenet al2008).

The inlet temperature is generally regarded as that of the heated grgin(Paudel

et al2013). The moisture gradient between the wet surface of the atomised droplet
and the dry air leads to evaporation at temperatures that may be below the boiling
point of water (Véarsing 2007). The outlet temperature is generally regardsdhe
temperature of the air with the solid particles just prior to the cyclone (Paatlal
2013). The outlet temperature in most cases is likely to be the maximum product
temperature due to the heat, mass transfer and low humidity at this particular
stage of thespraydryingprocess. A minimal temperature difference between inlet
and outlet temperature results in a very small quantity of residual moisture in the
spraydried material. An increase in this temperature difference increases the

residual masture content of the spragried material (Varsing 2007).

The air volume used durirgpraydryingdetermines the amount of energy available

for vaporisation and as a consequence has a significant effect on the drying process
(Cal and Sollohub 2010). Ayhiair volume results in a high degree of separation in
the cyclone improving yield, whilst a low air volume results in the spriayl

material having a low residual moisture content which may influence the physical

properties of the sprayried material(Billonet al2000).

4.2.4.2 Development of aspray-drying process for aqueous solutions of

hypromellose

Aqueous solutions of hypromellose ES5LV and E50LV were-dpegyusing a
Labplant SE5 Spray Drier (LabplabK) using the process parameters given in
Table 4.3, fitted with a 0.5 mm spray nozzle. Similar parameters were previously
used by Alanaat al (2006) who attempted to spray dry hypromellose and were

applied to this investigation. &h solution(1000 mLwasspraydried.
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Table 4.3 Spraydrying process parameters used
Process Parameter Setting
Product . o
temperature Ambient (°Q
Air Flow Rate 50 nt/hrs
Inlet temperature 160°C
Pump rate 7 mL/min (max)
Exhaust 90°Cto 110°C
Temperature
Nozzle 0.5mm
Atomising air 1 bar

Figure 4.1 demonstrates aspects of $aydryingprocess that these parameters
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solution immediately prior t@spraydryingl
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spraying chamber and is controlled by modifying the inlet temperature or air flow
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the pressure used to generate atomisation of the hypromellose solution.

Spraydried hypromellose was obtained from the collection vessel and

characterised as describaédsection4.2.4.

4.2.5 Characterisation ofpray-dried hypromellose

Spraydried hypromellose was characterised usigV&nd compared with non

spraydried hypromellose. Téaviscosity of polymer solutions prepared using spray

dried and non sprayried hypromellose was also compared to determine if the

functional attributes of the hypromellose had been affected by $peaydrying

process.

4.2.51Physical appearance by Saang Electron Microscopy

Scanning Electron Microscopy (SEM) at x50, x100, x500, x1000 and x2000

magnification using a Philips XL30 SEM (Philips, Netherlands) was used to compare

the physical appearance of sprdyied hypromellose and non spralyied
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hypromellose. Samples of non sprdyed and spraydried hypromellose powder
were applied by brush tan adhesive carbon disk orspecimen stub. Excess
powder was removed by a compressed air jet. The samples were sjpatéed

with platinum for 45s (Agascientific Coater US), then imaged.

The particle size and shape of spdrjed and non spragried material were

compared at each magnification.
4.2.5.2Viscosity testing

Aqueous polymer solutions of sprayied and non sprayried hypromellose were
prepared as described iBection3.2.1. Aqueous solutions of polymer
concentrations of 0.84v/w and 5%w/w concentrations were prepared. The
viscosities of these solutions were measured as describ&aation3.2.3 and
compared to determine if there was aniiange in functionality between spray

dried and non sprayried polymer. The effect of temperature on viscosity was also

considered by measuring viscosity at ambient@@ 5 °Cand 60GC(x 5 °C)
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4.3 Results and Discussion

4.3.1 Preparation and physial appearance of agueous hypromellose

solutions

Table 4.4 showadescription of flow for each hypromellose solution. These
polymer solutions were deselected based on the potential for the feed rate during
spraydryingto be restricted by the viscosity of the solution and hence the
appearance of the spragried material produced to be directly associated with the

polymer solution viscosity.

Table 4.4  Assessment o$pray-drying solution suitability based on polymer

grades and polymer @ncentrations

Polymer Polymer_ .
Concentration | Observations
Grade
(Yon/w)
5 Solution hagioodflow sowasconsidered
for spraydrying
Methocel® 20 Very viscous but solution h&air flow so
E5LV wasconsidered foispraydrying
Very viscous. Solution hasor flow so
30 : )
wasnot considered fospraydrying
5 Solution hagair flow and wasconsidered
Methocel® for spraydrying
E15LV 30 Very viscous. Solution hasor flow so
wasnot considered fospraydrying
5 Solution hagair flow and wasconsidered
Methocel® for spraydrying
E5S0LV 30 Very viscous. Solution hasor flow so
wasnot considered fospraydrying
Methocel® 10 Very viscous. Solution hasor flow so
K100LV wasnot considered fospraydrying
Note

Shading indicates which of the polymers were considered unsuitable for-dpying in this

investigation.

Aqueous solutions containing polymer concentrations o#@0w hypromellose

were very viscous for all polymer grades selected. These solutions could only be

56



considered fospraydryingif their viscosity could be reduced by increasing the

temperature of the solution.

This initial visual assessment to determitanf, indicated that polymer loading was
critical to the feasibility ospraydryinghypromellose solutions. Furthermori also
indicated that only low molecular weight grades of hypromellose could be

considered foispraydryingat an appropriate concendtion (>5%w/w).

4.3.2 Viscosity determination chqueoushypromellose solutions

Viscosity data were obtained for those formulations considered suitablspfiay

drying
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Table 4.5 Viscosity method parameters and mean viscosity data

Polymer Gragle and Product Temperature
Goncentration
59%HPMC E5LV 25°C | 40°C | 60°C
Sample A
Mean Viscosity (cP) 66.0 49.6 75.0
Standard Deviation () 0.0 0.5 2.1
Sample B
Mean Viscosity (cP) 67.0 50.0 75.0
Standard Deviation () 0.0 0.0 0.0
Method Details
SpindleNumber 1 1 1
Speed 100rpm 100rpm 100rpm
20 %HPMC E5LV 25°C 40°C 60°C
Sample A
Mean Viscosity (cP) 187.1 135.0 1297.0
Standard Deviation () 1.4 4.3 120.3
Sample B
Mean Viscosity (cP) 188.3 136.6 1204.4
Standard Deviation () 1.0 1.2 56.8
Method Details
Spindle Number 2 2 2
Speed 10rpm 100rpm 2.5rpm
5 % HPMC E15LV 25 °C 40 °C 60 °C
Sample A
Mean Viscosity (cP) 221.2 118.6 263.4
Standard Deviation () 6.4 1.0 8.0
Sample B
Mean Viscosity (cP) 224.0 117.6 257.2
Standard Deviation () 3.6 15 1.6
Method Details
Spindle Number 1 1 1
Speed 20rpm 20rpm 20rpm
5 % HPMC E50LV 25 °C 40 °C 60 °C
Sample A
Mean Viscosity (cP) 892.8 433.6 679.2
Standard Deviation () 1.6 6.1 22.6
Sample B
Mean Viscosity (cP) 888.8 435.2 680.4
StandardDeviation (+) 1.6 2.0 17.5
Method Details
Spindle Number 1 1 1
Speed 5rpm 5rpm 5rpm
Note:

Mean values are determined fromviscosityreadings for each test condition.



As described in Section 4.2.2, viscosity of polymer solution was determined at

ambient temperature, 40°C and 60 °C. If temperature could be used as a potential

means to reduce the viscosity of the hypromellose solutions, sgrayg solutions
could be hal at an appropriate temperature during sprdyying using a water bath
or jacketed vessel with thermostat control to enable the spdaying of solutions
either having higher polymer concentration or containing higher molecular weight

polymer.

The visco$y data and viscosity method parameters used are shown in Table 4.5.

The viscosity data are illustrated in Figures 4.2a, 4.2b, 4.2c and 4.2d.

It was noted during the viscosity testing that at’6@ll hypromellose solutions
tested became cloudy. This isalto the cloudpoint of the hypromellose being
reached as described by Sarker (1979). Sarker described the cloudpoint as the
temperature at which the hypromellose polymer molecules precipitate out of
solution. Cloud point is the temperature at which thenligransmission of a gel is
reduced by B %of the initial value. Cloudpoint is often referred to as the lowest

temperature at which turbidity of solution first occurs (Klug 1971, Fajah1989).

Figures 4.2a, 4.2b, 4.2c and 4.2d showrieanviscosity measuremen{s=5)
determined for solutions containing%w/w E5, E15 or E50LV an@ @w/w E5LV
at ambient, 40Cand 60CO 5 (1 F2NJ W{ 2t dziA2y ! Q Aa

follows similar trends as shown in table 4.5).
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temperature on the viscosity of 5 temperature on the viscosity of 20

%w/w hypromellose E5LV solutions  %w/w hypromellose E5LV solutions
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The viscosity data shotat hypromdlose solution viscosity reduced 40°Cbut
increased at 60C For both the E5 and Ebypromellose the viscosity at B0was
greater than that at 28C This effect was most pronounced fdd 2ow/w E5 LV
solutions. At 60Cthis solution was observed to completely gel during viscosity
testing. The viscosity of%@w/w E50LV at 60Cdid not exeed the viscosity of the
same solution at ambient temperature. This temperature effect on viscosity is
associated with the gelation temperature (Sarker 1979) and the concentration of E
grade hypromellose polymers. As the temperature begins to increaspdlyener
molecules are dehydrated thus reducing viscosity before, at higher temperatures
(the gelation temperature), continued dehydration enables greater polymer
polymer interaction to take place, thus increasing viscosity (Sarker 1979). This effect
is mae significant at higher polymer concentrations due to the potential for greater
polymerpolymer interaction. The relatilgghigh molecular weight of the E50LV
polymer probably prevented similar entanglement as observed for E5 and E15
polymer solutions a60°Cand therefore the viscosity at this temperature did not

exceed the viscosity measured at ambient temperature.
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4.3.3 Spraydrying of aqueous hypromellosedutions

4.3.31Development of aspray-drying process for agqueous solutions of

hypromellose

A solution of S%w/w hypromellose E5LV solution was spthied according to the
conditions described i®ectiond.2.4. 200mL of the hypromellose solution was
spraydried in 30 min and 7.68 g of sprdyied hypromellose was yielded from the
spraydryingprocess. This equated to a yield of 763

Alanaziet al (2006) described spraydryingprocess for hypromellose with
indomethacin. The hypromellose was solubilised in purified water as described here
but the indomethacirwas solubilised in ethanol. The ethanolic solution of
indomethacin was added to the aqueous hypromellose solution prigptay

drying Alanazet al(2006) was able to achieve a flow rate of 16 mL/min. In this
investigation a maximum flow rate of 7 mLitmcould be achieved. Based on
observations in this study the spray rate was limited due to the viscosity of the
hypromellose solution. The ethanolic solution used by Alagiaai(2006) may have
been less viscous due to the hydration of the hypromellosieg retarded by the

use of ethanol (Robertst al2007) upon mixing the ethanolic solution of

indomethacin with the aqueous solution of hypromellose. The presence of ethanol
may have caused dehydration of the hypromellose in agueous solution reducing the

solution viscosity.

However, the spray rate used in this investigation achieved a similar target exhaust
temperature to that achieved by Alanazi of 90 to 1CBut also an excellent

process yield of 76.% Billonet al(2000) achieved an optimisespraydryingyield

of approximately 8@sw/w using paracetamol following experimental design

indicating that a yield of 76.%is acceptable.

Spray solution viscosity is critical to theraydryingprocess. If the spray solution
viscosity is too high, the spragte will be impacted and ultimately thepraydrying
process will be rate limited by the solution viscosity. Consequently, as polymer
concentration and polymer molecular weight both directly impact solution viscosity
only low concentrations of low moletar weight polymers may be considered for
aqueousspraydrying
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The viscosity of aqueous hypromellose solutions limits the solids contgprtai
dryingsolutions and also restricts the molecular weight of the hypromellose that
may be selected fospraydrying. Only low molecular weight hypromellose grades
at concentrations of Baw/w are feasible due to the viscosity of the aqueous
solutions formed. This constraint will limit the applicabilityspfaydrying

hypromellose.

It may be possible to use temperature to reduce the viscosity of hypromellose
solutions. However, due to the ndmear impact of temperature on viscosity; very
careful temperature control would be required to avoid excessively dehydrating the
polymer andconsequently significantly increasing viscosity of the polymer solution.
A greater understanding of polymer viscosity at temperatures close to the polymer
cloud point is required to determine the optimum temperature gpraydryingby
reducing the polymeviscosity to enable transfer from a source to the spray nozzle
by transfer tubing. This approach may also enable higher molecular weight
polymers or higher polymer concentrations to be considered but would require
significant modificationso standard spay dryer units. For example, the entire
transfer tube from a heated source to the spray nozzle prior to atomisation, would
require insulation and precise temperature control. This may be feasible using

temperature control based on reirculating hot and dd water.

An alternative method to incorporate airug substancén the polymer solution is
to use a solvent such as ethanol as used by Alaa(2006). The use of a solvent
system, however, may pose challenges for commercial manufacturability over

agqueousspraydryingdue to the need to dispose or clean the solvent waste.
4.3.32Characterisation of sprayried hypromellose
4.3.32.1 Physical appgrance by Scanning Electron Microscopy

The SEM images associated with the sgtagd material showed a significant
change in physical appearance of the spdaigd hypromellose compared with non
spraydried hypromellose (Figures 4.4 to 4.12). Based orSfBM images, the mean
particle size of the spragiried material was estimated as 20 pum whilst the mean
particle size of the non sprajried material was estimated as 200 um. In addition,

as can be seen in Figure 4.8, the spdagd material was uniform ishape and size
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and spherical whilst Figure 4.4 shows the non syohagd material was long and

thin. Figures 4.3 and 4.4 show the non spdaied material to be non uniform in

terms of shape and size whilst Figures 4.8 and 4.9 show the-dpe/materid to

be far more uniform. Figures 4.13, 4.14 and 4.15 show that some of the spherical
spraydried particles appear to have collapsed. This is likely to be due to the vacuum

applied during SEM analysis. This indicates that the particles may be hollow.
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Hgure 4.3  SEM of E5LV Non Sprdyied Hypromellose Powder (Scale bar
indicates 500um)
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Figure 4.4
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SEM of E5LV Non Sprdyied Hypromellose Powder (Scale bar
indicates 200um)
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Figure 4.5

SEMof E5LV Non Spragried Hypromellose Powder (Scale bar
indicates 50um)
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Figure 4.6

SEM of E5LV Non Sprdyied Hypromellose Powder (Scale bar
indicates 20um)
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Figure 4.7

SEM of E5LV Non Sprdyied Hypromellose Powder (Scale bar
indicates 10um)
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Figure 4.8  SEM of E5LV Spralied Hypromellose Powder (Scale bar indicates
500um)

Figure 4.9 SEM of E5LV Spralied Hypromellose Powder (Scale bar indicates
200um)
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