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ABSTRACT

Rectalroute of drug administration is particularly useful when patients cannot tolerate
orally yet are unable to receiparenteralnjections.Furthermore, studies have shown
that it may be possible to circumvent first pass metabolism if absorptiolveeaised

in lower rectumThis is theoretically achievablestippositoriesvere bioadhesive.

The aim of this thesis was to evaluate two types of commercial hydrogenated palm
kernel stearin (HPKShamely ChocExa (CE) and Supersocolate SpétighS) as
base cadidatesfor bioadhesive suppositories comparison tococoa butter (CB)
Robustness of these bases dusogpositorymanufacturingvas comparedsing both
DSG-simulated and extemmraneousmethods. Diclofenac sodium (DcNa) which
undergoes extensive first pass metabolism was selected as modedupgsitories
containing 50 mg DcNa and3.%w/w bioadhesive polymersanufacturedising CB,
CE and SS as baseere evaluated in terms of physical propertielsug release,
bioadhesive properties as well as stability under different storage condifibas
bioadhesive polymers used wer@arbopof 974P NF (CBP), hydroxypropyl
methylcdlulose 2910 (HPMC), poly(vinyyrrolidong K30 (PVP) and carboxymethyl
chitosan(CMCTS). Two self-fabricatedmethodsusing the texture analysétensile
and shear stresglere developed to studyoadhesin of suppositorieggainst porcine

colon mucosander simulated rectal conditions.

Physical charactesation found thatCE and SSvere comparable to CB in terms of
thermal profile, solid fat content (SFC), pH, viscosity and displacement values (DV)
but with addedadvantagesf reducedpolymorphismand lessstringent manufacturing

parametersSolidification of CB melt into suppositories wémsghly dependent othe



maximum heating temperature{;l) and cooling rate (Ge. HPKSon the other hand
were more robuses longasit is completely moltetHPKS would solidify into stable

b polymorph while coolingrates did not affectrystallisation All the bioadhesive
suppositoriegnelt between32.535.5 °C. Addition of CBP decreadeate and extent

of DcNa release in eoncentration dependent manner, resulitnigi-exponential first

order kinetics release patteifthe other bioadhesive polymédrad minimal impact on
DcNa release The tensile methodo study bioadhesiorfound that bioadhesive
properties decreased in the ordelPMP > CBP > CMCTS > HPM®@hile the shear
methodPVP > CMCTS > CBP = HPMC. In both instancéd?MC showed poor
bioadhesn with limited benefit in developmeat of bioadhesive suppositories
Formulations containing 5 %w/w PVP and CMCTS were selected for subsequent
stability assessment baset considerations of complete DcNa release and good
bioadhesive propertiesThese suppositoriesequiral refrigeration assuppositories
stored for 200 dayst room temperatur€24.5 + 2.5 °C; RH 58 + 5 %3$howed
graininess andloss of surface glossiness, increased melting point, possible
triacylglycerol (TAG) separation, higheésFCat 37 °C prolongel softening times and
decreasedamount of DcNa release. These changes were unfavourable for
suppositories and malead to ineffective treatent. Generally, SS suppositories

subjected to acceleratedeayy released DcNa more efficientlyanCE.

Although both HPKS were suitablsuppository base substitutes of C&S provided
superior stability in terms of resistantee depression of DcNa releageVP on the
other hand conferred the best bioadhesive propeatiesng all polymergvaluated.
Thus, SS suppositories incorporated with 50 mg DNa and 5 %w/w PVP may be a

potential candidate for further development.
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CHAPTER 1

GENERAL INTRODUCTION



1.1 Introduction

Suppositories are solid dosage forms intended for administration to the human body
via insertion into body orifices, mainly the rectum; whigrgftens, melts or dissolves

to release the incorporated medication which then exerts its therapeutic effattys lo

or systemically. Suppositories can also be administered viarétera or the vagina

(pessariesfAllen et al., 2008)

Rectal suppositories are usually cylindrical with either one or two tapered ends,
shaped like a bullet or a torpedbengthcanbe up to 32 mm and usually weighs
about 12 g (Allen et al., 2005; Ansel, 1981)The various shapes and eszof

suppositories are shown in Figure.1.1

Figure 1.1: Shapes and sizes of rectal, vaginal and urethral supposifonesersity

of North Carolina Eshelman School of Pharmacy, 2015)

Although less common nowadays, suppositories are a relatively old method of
administering medicains to the human body; dating back to as far as the ancient
Egyptian civilization; as evidenced in the Ebers Papyrus scriptures fromBG50

(Bryan and Smith, 1930)



These days, suppositories are mainly employed as leaetiing laxatives(Table 1.}

to promote defecation or to treat anorectal diseases such as haemorrhoids and
ulcerative colitis(Cooper and Gunn, 1987Nonetheless, there is also a substantial
amount of commercial suppository formulatiomarketed for systemidelivery in
Malaysia (Table 1.2. Drugs prescribed as a suppository for systemic treatment

include analgesics, antibiotics, tranquilizers and antihistamines.

Table 1.1: The list of commercial suppositoriésr local actionregistered with the

Drug Control Authority in Malaysia.

Product Name Active Ingredient Strengths
Pentasa 5- aminosalicylicacid, mesalazine 1g
Salofalk 5- aminosalicylicacid, mesalazine 250, 500 mg

lignocaine hydrocortisonexcetate zinc -

Xyloproct
oxide, auminium subacetate

Bisacodyl bisacodyl 5,10 mg
Pricolax bisacodyl 5,10 mg
Dulcolax bisacodyl 5,10 mg

hydrocortisone, framycetin sulphate, -
Proctosedyl

aesculin,cinchocaine

Liproct hydrocortisoneacetate zinc oxide, lidocaine -

zinc oxide, hydrocortisoneacetate, -
Doproct

benzocaine




Tablel1.2: The list of commercial suppositories systemic actiomegistered with the

Drug Control Authority in Malaysia.

Product Name Active Ingredient Strengths
Primperan metoclopramidédiydrochloride 10, 20 mg
Tramadol Stada tramadolhydrochloride 100 mg
Remedol paracetamol 125, 250 mg
Arfen paracetamol 125, 250 mg
Tempol paracetamol 125, 250 mg
Pritamol paracetamol 125, 250 mg
Poro paracetamol 125, 250 mg
Shoren diclofenacsodium 12.5, 25 mg
Dicloren diclofenacsodium 12.5 mg
Profenac diclofenacsodium 12.5 mg
Voltaren diclofenacsodium 12.5,25, 50 mg
Almiral diclofenacsodium 100 mg
Diclogesic diclofenacsodium 12.5, 100 mg
Voren diclofenacsodium 12.5, 25, 50, 100 mg
Pritaren diclofenacsodium 12.5 mg

1.1.1 Advantages ofsuppositories

Oral drug delivery remains the most common route of drug administration and has the
highest rate of patient acceptance. However, the oral route of administering
medications may not always be the best option. For example, drugs which undergo
extensive firsjpass metabolism or pmystemic degradation such as lidoca{e

Leede et al., 1983Yiclofenac sodiun{DcNa) (Menasse et al., 1978; Willis et al.,
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1979)and salbutamwl (Goldstein et al., 1987; Morgan et al., 1986pnvergly, drugs
administered to the lower rectum would largely be absorbed into the systemic
circulation, thus circumventing the hepatic fipgtss metabolism tafford greater
bioavailability (Allen et al., 2008; Kokate et al., 2006; Watanabe)720For dugs

with unpleasant taste and odour, such as cysteamine (a new treatment for nephropathic
cystinosis), suppositories may aealternative route for drug administrati(Buchan,

2011)

Rectal administration of drugs is also particularly useful when the oral route is
occluded or disrupted by nausea, vomiting or during acute convulgMies et al.,
2005) Nausea and vomiting which limit oral intake of medicati@ame common
symptons in patients undergoing chemotherapy or in palliative care. Hence,
alternative rotes such asectal or transdermal drug delivemould be beneficiafor

thesepatientg(Allen et d., 2005; Davis et al., 2002; Warren, 1996)

Terminally ill and palliative care patients in the outpatient setting would often require
frequent adminisation of multiple analgesics. Firese patients, thatravenous (1V)
andintramuscular IM) routes are less practical as they may not always be under the

immediate care of qualified health care practitisner

Clinically, there is also a great deal of unmet needs for alternative routes of
administering medications for patients who underwent totatrgetomy, ileal
resectioning procedureand patients inserted with nasogastric or nasojejunal tubes

where modified release oral formulations are very often rendered less effeleinee,



non-peroral or transmucosa formulations such as rectal suppesitaould be of

great value in the outpatient managemergumhpatients.

Furthermore, various recent studies showed that the use of preoperative rectal
nonsteroidal artinflammatory drug NSAID) havesuccessfullydelayed time before

the first request ér anaesthesia; reduced the o$esupplemental opioids and scored
lower on visual analogue scales in both major and minor surgeries in both adults and

paediatric{Bahar et al., 2010; Fayaz et al., 2004)

1.1.2 Patient acceptanceand social stigma

A study found thatonly 18 % of patients favoured suppositories ovi
postoperative analgesi{&arroll et al., 1996)Various studiesshowed thathe main
reason for rejection of suppository was mainly due to the misconception where
patientsregardits method of administratioas a form of mvasion or violation of

dignity, leadingto subsequent humiliatigiColbert et al., 1998)

Conversely,Vyvyan and Hanafiah (1995eportedtha 46 % of themiddle aged
patients surveyederereceptive towards rectal drug administration; however 98 % of
these patients felt the neddr discus®n prior rectal administratianMeanwhile,
Bonner et al(1996)found thatonly 15 % ofpatientsaged between 191 years old
objected to suppository administration under anaestha#iffough 59 % of #m
preferred to be informed prperatively. Another study i Dodd et al. (2004pnlso
found hgh degree of acceptance towards suppositories in women for relief of
postnatal painAmong younger childrenHinton et al.(2007) found that there was

considerable acceptance towards treaisuppositoriesis amlternative route to oral



dosage forms; and that there walso a 69.5 % caregiver acceptance of malarial
treatment via rectal route.These wereencouraging finding which indicates

diminishing stigmatism towardbe useof suppositories.

1.1.3 Suppository base

The type of suppository base used depamdthe intended release profiles and nature

of the active drug. Suppository bases can be classified according to their physical
characteristics; fatty bases, water soluble bases and the emulsifyingAibsest al.,

2005; Cooper and Gunn, 1987)

1.1.3.1 Fatty bases

Suppositories made of fat{gleaginouy bases must melt up@dministration into the
rectum before thedrug partitiors into rectal fluidsfor absorptionacross rectal
membranes intdhe systemic circulation(Allen et al., 2008) This group of bases
include cocoa butter (CB)palm oil, palm kernel oi{fPKO) and cottonseed oil or fat
based glycerine compoundsntaining high molecular weighfiMW) fatty acids such

as glyceryl monostearaf@llen et al., 2005) Fatty bases contain very little water and
haslow tendency of hygroscopicityCommercialised bases nowadays are usually a
combination of two or more fatty basésr exampleWecobe& which isderived from

fully hardened plm kernel and cottonseed offstepan Specialty Product, 2014)

1.1.3.1.1 Cocoabutter (CB)
The traditional baseCB or theobroma oil is obtained from the roasted seeds of

theobroma caca@nd presents igdf as a yellowiskwhite solidat room temperature



which melts at 3036 °C(Allen et al., 2005)CB is desirable due to its melting range,
norvirritant nature and miscility with a wide range of medicaments. However, it
exhibits both rancidity and polymorphism on storage. The fatty @andposition of

CB is shown in Table 1.3

It is generally accepted that CB exist in 4 differpalymorphs namel y U, b,
forms although some literaturesuggested up to aumber of 6 distinct polymorphs
(Loisel et al., 1998; Marangoni and McGauley, 2003; van Langevelde et al., 2001,
Wille and Lutton, 1966)Each ofthe polymorphic forms exhibitlifferent melting
ranges withb  f o r nmost stableThe presence of aetastable polymorphaith

lower melting pointsaare not conducivéor syppositories especially in warm tropical
climates (Allen et al., 2008) Other disadvantages of CB include its inability to
contract and detach from suppository uigis on cooling, thus necessitating the
lubrication of mailds with liquid paraffin to aid suppository remov@ooper and
Gunn, 1987) There is also substaak batch to batch variation since CB is sourced
naturally and the fatty acid content was found to be affected by geographical origin of

the CB(Chaiseri and Dimick, 1989; Spangenberg and Dionisi, 2001)

These disadvantages of CB suppository bases prompted the development of newer

commercial bases with specific set of properties to overcome formulation difficulties.



Tablel1.3 : The composition of the major fatty acids @B and hydrogenated palm kernel stedHiPKS).

Weight @0)
Fatty acid CB HPKS
(carbon no : Peyronel and
Spangenberg and Lonchamptand | Toro-Vazquez et _ .
double bonds) o Rossell(1975f Siew(2001) Marangom
Dionisi (2001} Hartel (2004) al. (2004)
(2014)
Lauric (12:0) 49.6 56.6 43.3
Myristic (14:0) 0.09 0.1 30.4 22.0 28.8
Palmitic (16:0) 25.1 26.8 25.8 115 7.9 12.6
Stearic (18:0) 37.4 35.6 34.5 2.8 8.6 14.2
Oleic (18:1) 33.0 33.5 34.9 2.4 0.2
Linoleic (18:2) 2.4 3.2 3.0
Arachidic (20:0) 1.1 0.9 1.0 0.3

! Values quoted for sample €8, deodorizedB originated from Malaysia.
2 Values quoted foHPKS (lodine value =1.8).




1.1.3.1.2 Palm kernel al (PKO) and hydrogenated palm kernel stearifHPKS)

Oil palm Elaeis guineens)sis one of the richest vegetable oil plants and is widely
used in the food industry?KO is produced as a bgroduct via ekaction of the
residual kernelgAkinoso and Raji, 2011; Pantzaris and Ahmad, 2002; Zhou et al.,

2010)

PKO was found to contain 81.67 % of saturated fatty acids; mainly the-cnert
fatty acids, such asulric (G2 and myristic (G4) acid. It has a slip melting point of
27129 °C and iodine value of 180 (Goh, 1994) However, the slip melting point of
the PKO can be dkred via hydrogenation or blending with other palm oil products
(Goh, 1994; Pantzaris and Ahmad, 2002)rther hydrogenation d?PKO produces
hydrogenated palm kernel steartdRKS) with a melting poibhof 32.534.5 °C(Siew
and Ng, 2000; Siew, 2001Yhe commorcomposition for HPKS is shown in Table

13

Recently, Noordin and Chung (2007)developed two new suppository bases using
combinations of locally sourcdsydrogenated®KO, HPKS and hydrogenated palm
kernel olein with mixtures of stearic acid and glyceryl monosteafdte. authors
found thatthe bioavailabiliy of aspirin administered rectally ithesebases were

superior to the equivah dose administered orally.

1.1.3.2 Water soluble and water miscible bases
Unlike fatty bases, water soluble bases disintegrate and dissolve in rectal fluids upon
insertion into he human recturfAllen et al., 2008) Since the rectum has vesynall

amountof fluid, complete vehicle dissolution can be difficult and water will be

10



attracted fronrectal tissues towards teppository via osmotic effect causipgin to
the siteof administraton. Polyethylene glycol (PEG), poloxamer aglycerinated

gelatin are among the common water soluble bases used to produce suppositories.

PEG are polymers madap of ethylene oxide and watgroduced in various chain
lengths,MW and physical sttes. It is possible to formulate PEG bases with desired
consistency and characteristics by combindifferent grades oPEGs via fusion

procesgAllen et al., 2008)

Meanwhile, glycerinated gelatin base could be iaprepared by dissolving 20 %
granular gelatin in 70 % oflycerine,added with 10 % of solution or suspension of
the desired drug. The resulting base is hygroscopic in nature and could potentially
irritate the rectal surface; thus requiring moistening by dipping into water fari

insetion into the rectunfAllen et al., 2008)

Poloxamerson the other hand, are odourless, tastelesgerwsoluble, block co
polymers which exhibit revers¢hermal gelation mperties; they remain liquict
room temperature and undergo phase transitigreltat body temperatur@hoi et al.,
1998; Keny and Lourenco, 2010Yarious studiesinvestigatedformulations of
thermogelling bioadhesive suppositories using poloxameattemps to eliminate
discomfort caused by ing@n of a conventional solid suppository into the rectum as
well asto localise drug absorptionithin the lower rectun{Barakat, 2009; Choi et al.,

1998; Keny and Lourenco, 2010)
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1.1.3.3 Emulsifying bases

These include mixtures of oleaginous bases and water miscible materials,
disintegrating gents, collagen and natural gums. When formulated as suppositories, it
dispersesin rectal fluid to form oHin-water emulsions due to its surface active
properties andpreads as a smooth layer ovaucous membras€Allen et al., 2008)

As an examplethe Witepsof® series composkof triacylglycerok (TAG) of saturated
Ci218 fatty acids with varied ptions of partial glycerides anthtty bases which
contain theTAG from palm, palm kernel and coconut oils with sefulsifying

glyceryl monostearate drpolyoxyl stearat¢Cremer Oleo GmBH & Co. KI5

114 Ideal basecharacteristics

Allen et al.(2008 andCooper and Gun(il987)summarized thatraidealsuppository
base should have the followimgalities: (1)melt at body temperature or dissolve in
body fluids; (2)readily release medicaments; (8)ysically and chemically stabl&})
nontoxic, nonirritating and norsensitizing; (5)compatible with a large variety of
drugs; (6)chemically and physiologically inert; (€ontract slightly on cooling; (8)

easy to manufacture by fusion, compression and extrusion.

1.15 Manufacturing of suppositories

Suppositories can be manufactuxeala number of methods, namely hand rolling and
shaping, colecompression and fusion miding. The method of choice greatly
dependson ndure ofincorporated drug and the scaleménufacturing process as it
will not be practical to produce large quantities of suppositories via-twdiny and

shaping metho@Allen et al., 2008)
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1.1.5.1 Hand rolling

Grated CB and all other required ingredients for the suppository are triturated
manuallyin a mortar to form a plastitke mass. The mass is then quickly formed into

a ball using palmgreviously cooled in ice water anmblled into a cylinder using a
broad bladed spatula over a pill tile. The formed cylindrical mass can then be cut into

desied lengths anthen shaped as desired by h&Allen et al., 2008; Ansel, 1981)

1.1.5.2 Cold compression method

In this method, the active drug, suppository base and excipients are blended
thoroughly and pulverised to form a uniform blend of mixture which then softens into
a pastdike consistency due to the friction tfe mixing procesgAllen et al., 2008;
Ansel, 1981) The paste is then extruded into aulband compressed for shape

setting, the resultasuppositories are then forced out of theuld orifice.

A similar method produces supgitories with uniform circumference by extruding the
paste through a perforated platel @atting the extrudedhass into the desired length
(Ansel, 1981) This method is suitable for incorporation of thermolabile drugs as the
process involves minimal heat exposure. It also enabkesnttorporation of large
amount of drugs that ar@soluble inthe base as it is unlikely for the insoluble
material to settle or sepate from the suppository bas8uch phenomenon is

commonly observedisuppositories produced viiagsion mallding method.

1.1.5.3 Fusion maulding method
Fusion moulding method is by far the most commonly employetethod to

manufacture suppositories as it is compatible with most conventimasds. The
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process involves base meltirend subsequentincorporation of drug and other
excipients into the molten base and pouring the melt intalasofor solidification.

The overfilled (excess) base is then scraped off using a warmed spatula to form a
smooth flat surfacelhe nominal capacities of the commonouiads are 1, 2, 4nd 8 g
(Cooper and Gunn, 1987Fhis method wold require prior calibration omoulds as

the densities of bases and drug are diffefaien et al., 2008; Ansel, 1981)

1.2 Human rectum

1.2.1 Anatomy

The human larg intestine begins at tlelon and extends to tlectumand anal canal
at the terminal en¢Kokateet al., 2006) The retum is preceded by sigmoidal colon
and ends aamal canal(Watanabe, 2007)'he rectum isapproximately 1520 cm in
length, with a comparatively small surface area of approximately4®2@cn{; while
the anal canal is the final 2%5cm of the large intestes leading to the anal verge

(Barleben and Mills, 2010)

The rectalwall is made up of three layensiucosa which composes of several layers
of cylindrical epithelial cells; submucosa; tunica muscularis and the visceral
peritoneum(Allen et al., 2008) There are three rectahlves in the rectal ampulla
supeior, middle and inferior rectal valve$he rectum is usually nemotile and has

no villi or microvilli (Allen et al., 2008)When a suppository is administered into the
rectum,it either melts or dissolves in the rectal ampulla to releaseporatedirug to
allow diffusion across the rectal mucosad subsequent absorption irggstemic

circulation(Watanabe, 2007)
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1.2.2 Rectal mucus

The human rectum contains onhB82mL of inert mucusvhen devoid of faecal matter
(Allen et al., 2008) Mucus is a layer of viscous, ¢géke secretionby goblet cells
which lines allorgans of the human bodych aghe oculorhino-otolaryngeal tracts,
airways gastrointestinal tra€GIT), and urogenital tragAndrews et al., 2009; Bansil
and Turner, 2006)It is made up of a mixture of mucin glycoproteins, water,
electrolytes, enzymes, bacteria and sloughed epithelial @etiss and Robinson,
2003) The bulk ofmucus content igapproximately 95 % water with 3% % mucin
glycoproteins and lipids, while 05 % of the contents consist of meral salts with

another 1 %ree proteinfEdsman and Hagerstrom, 2005)

This mucus layerfunctions as a physicalabrier to potect the internaénvironment

from pathogens and noxious stimuli; ensures sufficient hydration of the epithelium
surface; provides a permeable gel layer for exchange of excretion products, nutrients
and gasesand lubricates the epithelium to allow pagseof objects(Bansil and
Turner, 2006; Irons and Robinson, 200Rgctalmucus istherefore the first barrier
against diffusion of administered drudsefore absorption across the mucosa

membranes.

1.2.3 Rectal absorption

Theabsorptive capacity dfuman rectum is significantly lesser thagmper GITdueto
the limited surface area amadisence of microvilli compared tmall intestines. Drug
absorptionvia rectal mucous membrane is a passive process wherdigopilic,

unionised form of drug is absorbed across the memifrsien et al., 2008)
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The upper rectum is drained byperior hemorrhoidal vein directly inteepatic portal
system while the lower rectum asained byinferior and middlehaemorrhoidateins
into the sgtemic circulationpypassig first pass metabolic pathwagisokate et al.,
2006) However, the msence of extensive anastomoses may decrease the avoidance
of first pass metabolism, although it is generally atsépghat at least 500 % of
active ingrelients administered rectallyrcumvens the first pass effe¢Allen et al.,

2008; Watanabe, 20Q7)

1.2.3.1 Factorsaffecting rectal absorption

Sincerectum is not naturally an absorptive organ, the amount of drug absorbed is

greatly influenced by various physiologic gpialysicochemical factorg able 1.4.

Tablel.4: Summary of factors affecting rectal absorption of diiédglen et al., 2008)

Physiological factors Physicochemical factors Formulation factors

_ nature and form of active microsphere encapsulation
coloniccontents
drug drug

_ _ _ presence of permeation
circulation route physical state of drug
enhancers
rectal fluid pH and : : _ :
_ _ nature of suppository base bioadhesive properties
buffering capacity
volume ofrectal fluid presence of excipients

motility of rectal wall

1.2.3.1.1 Physiologial factors
There is greater contact betweadministeed suppository andectal wall for drug

absorption to occur when the rectum is egmgmid devoid of faecal matteznabling
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greater absorption of drudpan when it is distended with colonic contenhigewise,
absorption of rectally administered drugs can also be altered by medical conditions

such as diarrhoea, colonic obstruction and tissue dehyd(afien et al., 2005)

Since bothupper and lower rectum are drained by superior and infeaemorrhoidal
veins respectively, the position at which the suppository is retained within the rectum
could affect systemic bioavailabilitgs drugs absorbed viaferior haemorrhoidal

veins avoid firs{pass metabolism of the livéDe Leede et al., 1983)

The pH of the rectal fluid is essentially 7724, with negligible buffering capawit
(Allen et al., 2008; Jantzen et al., 1989; McNeil et al., 198&hce, the form of drug
incorporated into the suppository wouldcegtly remain chemically unchanged once it

is released from the dosage form.

1.2.3.1.2 Physicochemicalfactors

As with drug absgation across the gastric mucosaly unonised, undissociated form

of drug with sufficient lipophilicity would be able to travel acrdbs bilayer lipid
membrane structure okctal mucosa due to tHalayer lipid membranestructure.
However, the drug also has to be sufficiently soluble in rectal fluids to partition away

from the lipophilic bases or dissolve from the hydrophilic bases fr absorption.

The size of drug particles suspended within the suppository base can influence its rate
of dissolution in rectal fluids which then affects the rate of absorption. The smaller the
size of drug particles, the greater the surface aredablaifor dissolution; thus a

faster absorption of druganbe expectedCooper and Gunn, 1987)
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Drugs whch are highly soluble in théormulated suppository base tend dxhibit

slower drug releasthan whenthey areformulated in bases which they are less
soluble( Al I en et al ., 200 8; Ermi k and Tari mc
Bhargava, 1999)This was clearly demonstrated lgir and Bhargavél999)where a

lipophilic drug fluconazole(log P = 0.44), had highestelease rates from the PEG
compared to the more lipophilic badée Suppocir€ AP, Witepsol W45 andCB.

Therefore, a general rule to optimise drug release would be to formulate hydrophilic
drugs in fatty oleaginous suppository bases and lipophilic drugs in hydrophilic bases
(Allen et al., 2008, 2005An alternative method employed to improve drug release is

to incorporate surfactants or absorption enhancers into the suppository formulation

(Shegokar and Singh, 2010)

Conversely, when sustad release of drug from the suppository is desired, various
excipients have been employed to retard drug release from the bases via formation of
drug containing micellars using lecithiNishihata et al., 1985)solidrevers-
micellarsolutions also using lecithin (Schneeweis and Miullgeoymann, 2000)
incorporation of hydrophobic polymers such as hydroxypropythykellulose
phthalate HF55 (Ohnishi et al., 1986)pr waxy hydrophobic materials such as

aluminium stearate and dioctyl sodium succir{atemed etal., 2000)

1.3 Bioadhesion

Adhesion is the term used to describe the bond produced by interfacial forees whe
pressuresensitive adhesivesither a natural or synthetic polymer, comes into contact
with a surface to allow prolonged attachment of tteesive on the contact surface.

Bioadhesion is therefore the interaction which results in the adhesion of the polymer
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to a biological surfacAhuja et al., 1997; Roy and Prabhakar, 20M@rious regions
of the body, particularly th&IT is lined by mucosal epithelialhich is coveredy a

layer of continuous mucuyshuja et al., 1997; Roy and Prabhakar, 2010)

131 Theories andmechanisms of lmadhesion

Although exact mechanisms of bioadhesion are not known, it is generally accepted
that it involves initial wetting and swelling of the bithesive polymer. This is
followed by interpenetration between polymer chains emttosal surfagewith
subsegent formation of chemical bonds betweentangled chains which constitutes

the bioadhesion phenonmmn Various theories havbeen hypothesd to explairthe

phenomenon.

a) Diffusion theory

This theory postulated thatolymer chains obioadhesive mateal diffuse into the
glycoprotein network and vice versa in a tiwependent manner until there is
sufficient interpenetration to form mechanical interlocking and subsequent semi
permanent adhesive bonds, producing a networked structure which resultssioadh

(Ahuja et al., 197; Andrews et al., 2009; Roy and Prabhakar, 2010)

b) Adsorption theory

Adhesion is a result of inteotecular forces acting betweettomsin bioadhesive
polymer andmucus(Ahuja et al.,, 1997)Both primary and secondary forces were
thought to be involved dlbugh adhesion is mainly due ¢econdary forces such as
electrostatic forces, van der Waals forces, hydrogen bomds hydrophobic

interactiongAhuja et al., 1997; Andrews et al., 2009; Roy and Prabhakar, .2010)
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c) Electronic theory

This theory generally stesrfrom the fact thaddhesive polymarand mucus typically
have different electronic characteristidgee et al., 2000)Electron transfer happens
when adhesive polymer comes into close contact with the glycoprotein mucus
network, forming an electal double layer. The attractive forces across this double

layer results in adhesiqAhuja et al., 1997; Roy and Prabhakar, 2010)

d) Weting theory

This theory is applicable for liquids or bioadhesive systems with low viscosity, where
the adhesive component would penetrate surface irregularities, harden and anchor
itself to the surfac€ Andrews et al., 2009)f the two adhering surfaces were brought

to close contact in the presence of fluid, the fluid could act as an adhesivecko atta

both surfaces.

e) Fracture theory
The fracture theoryevaluates bioadhesion based difficulty (strain required) to
separa two adhering surfaces, which represeairtisngth of the adhesive bo(huja

et al., 1997; Andrews et al., 2009)

1.3.2 Factors affecting bioadhesion
The extentof bioadhesion between polymer antlicos dependdargely on polymer

properties, environment for bioadhesiand various physiological variable@able

1.5.
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Tablel.5: Factors #Hecting bioadhesioifAhuja et al., 1997; Andrews et al., 2009)

Polymer properties Physiological factors
functional group mucin turnover
degree ohydration disease states

MW, chain length and degree of crdsiking pH

polymer concentration
pH and charge

swelling

Polymers containing carboxyl functional groups such as polycarbophils and
polyacrylic acid polymers are known to show betteioadhesion at acidic
environments whereby bioadhesion decreases withasicrg pH.Park and Robinson
(1985) found hat cosslinked polyacrylic acid hasimited bioadhesive properties
above pH 6. This was attributed to the ionisation of the carboxyl groups which lead to
repulsion between negatively charged carboxylate anions and also a reduction in the

formation of hydrogen bond#&ndrews et al., 2009; Park and Robinson, 1985)

Degree of hydration and swelling characteristics of the bioadhesive polymer is also
important as swelling relaxes the polymer chainéatilitate interpenetration of the
chains. However, excessive swelling has been shown to significantly reduce

bioadhesior{Park and Robinson, 1985)

Studies have shown that there is an optiM@&l and critical plymer chain length in
order to produce bioadhesive interactighgbyn et al., 1996, 1995)s polymerMW
increases, internal cohesion of the polymer molecule increases, resulting in higher

bioadhesion. However, the increaseMiV also decreasesqueous dispersibility of
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the polymer and hence fewer solubdld carboxylic groupareavailable for hydrogen
bonding (Tobyn et al., 1996)Extensive crosslinkg of the polymer also limits
flexibility and mobility of the polymer chains, thus impedimgnetration and
entanglement of the polynienucus matrix, resulting in lower bioadhesive forces

(Andrews et al., 2009)

Physiologically,mucus turnover is expected to limit residencdiobdhesivedosage
forms on the mucad surface. Tie rectum has been known fiossesselatively low
mucts turnover rates as comparedotber regions of th&IT andthis might be less
important in influencing rectal bioadhesion. However, diselasstates like
inflammatory bowel disease couldcreasemucus productionor in diarrhoea where

there is significantlygreater amouraf water availabl€Allen et al., 2008)

1.4 Bioadhesive polymers

Although a large number of polymers exhibit bioadhesive ptigseronly a selected
number ofpolymers aresuitable for pharmaceutical @&islue to safety considerations.
Some of the polymeradapted fopharmaceutical formulations are listed according to

their solubility in water and ionic chargesTable 1.6

Anionic polymers are widely used as bioadhesive polymers due to their strong
bioadhesive properties and low toxicity. These polymers are characterised by the
presence of carboxyl, hydroxyl, amide or sulphate functional groups which dissociates
into negativéy charged groups at pH larger than their respectivge P&lyacrylic acid
polymer such as polycarbophil and carbopol are one of the most popular bioadhesive

polymers in pharmaceutical¥ahagi et al., 2000, 1999)
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The most widely used cationic polymer is chitosan; which is derived by hydrolysing
the aminoacetyl of chitin from crabs orhps. Various studies have reported on the
bioadhesivity of chitosan for development of bioadhesive dosage forms, including
rectal suppositoriegLehr and Bouwstra, 1992; Tarimci and Ermis, 19€@é}pite

reports that chitosan lacks bioadhegjédfong et al., 1999a)

Table 1.6: Some of thebioadhesive polymers used in pharmaceuticaage forms

(Irons and Robinson, 2003; Lehr and Bouwstra, 1992)

Water soluble Water insoluble
Anionic Alginic Acid Carbopol 934P
Carageenan Polycarbophil
Sodiumcarboxymethyl Crosslinked polymethacrylic acid
cellulose
Cationic Aminodextran Gelatin
Chitosan

Amphiprotic Carboxymethyl chitosan

Non-ionic Polyetlylene Glycol Ethyl cellulose
Poly(vinylpyrrolidone)
Hydroxypropyl cellulose
Hydroxypropylmethyikcellulose

14.1 Carbomers

Carbomers are higMW carboxyvinyl polymers which are crosslinked with acrylic
acid using either allylsucrose or allyl pentaerytiir(Singla et al., 2000)A typical
example of arbometis Carbopof (CBP), its chemical structure shownRigure 1.2
These polymers are commercially availablesamious grades depending on Makid

structure of the polymeric chain
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Figure 1.2 : The general chemical structure ofoadhesive polymers useda)
CarbopoP(CBP); (b) poly(vinylpyrrolidone) (PVPY), (c) N,O-carboxymethyl chitosan

(CMCTS)and(d) hydroxypropyl methylcellulosgHPMC).

These polymers have been used in the development of various bioadhesive dosage
forms such as buccal tabldtkinci et al., 2004)transdermal geléShin et al., 2005)
ophthalmic gels(Edsmanet al., 1996) pellets (GomezCarracedo et al., 2007)
suppositoriefRamadan, 2012; Yahagi et al., 2000, 198831 more recentlyas a

bioadhesive conjugate on liposome surfgddskhlof et al., 2011; Werle et al., 2010)
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CBPis an anionic compound which appears as white, acidic, fluffggroscopic
powder. These polymers are insoluble in water and have af @pproximately 6.&
0.5. They are capable of swelling up to 1000 times their volume and 10 times their
diameter to produce a gel with pH #6800 (Lubrizol Advanced Materials, 2009At
pH above pKa, the carboxylate group on the polymer ionises causing repulsion
between the negatively chargedlymer backbones, leading to swellingubrizol

Advanced Materials, 2009; Singla et al., 2000)

1.4.2 Poly(vinylpyrrol idone)

Poly(vinylpyrolidone) (PVP) is a synthetic,water soluble neutral polymgroduced

by freeradical polymeriation of vinylpyrrolidone in water or isopropanb(Guo et

al., 1998) Its general chemical structure is showrFigure 1.». There is no general
consensu®n the bioadhesive propertied PVP as various studies have reported the
absence or fhited bioadhesion forces exerted by these polymasson and
Wabhlgren 2012 and Jones et al2Q04)reported poor or negligiblbioadhesion for
PVP while other researchers found that formulations containing PVP exhibited
considerabléioadhesive strength in the form of coated alginate b&adenuntha et

al., 2011) tablets(Hamzah et al., 2010}puccal patcheg§Wong et al., 1999band

bioadhesive thermogelling recigel (Barakat, 2009)

Apart from imparting bioadhesion, PVP was also reported to increase the rate of drug

release and sometimes result in a burst of drug release due to isohilgitity which

promotes poréormation(lslam et al., 2012; Suknuntha et aD]12).
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1.4.3 Chitosan andcarboxymethyl chitosan(CMCTS)

Chitosan is derivedria partial deacetylation of the natural polysaccharide chitin
Chitosan possesses both hydrox@i) andamine (NH,) groupsdelivering many
useful properties such gel and film forming capacity anadoadhesior{(Tungtong et

al., 2012) However,the use of chitosan lamperedy its poorsolubility atpH > 6.5

This lead to the incorporation of carboxyFGQOOH) groups to formamphiprotic
carboxymethyl chitosanCMCTS) which permits solubility even at neutral pht

retaininggood film forming(Mourya et al., 20104nd bioadhesive properti€Shinde
et al., 2013)of its parentchitosan.The structure ofCMCTS is illustrated in Figure
1.2c To date, ®ICTS has been incorporated into pH sensitive hydrq@en et al.,
2004; Vaghani et al., 2012panoparticles(Shinde et al., 2013and transdermal
patches(Sarfaraz et al., 2012However, CMCTS has yet tdoe formulatedinto

suppositories.

1.4.4 Hydroxypropyl methylcellulose (HPMC)

Hydroxypropyl methylcelluloseHPMC) is a norrionic alkyl-hydroxyalkyl cellulose
ether derivative containing methoxyl and hydroxypropyl graigure 1.2). HPMC
dissolves in water to form a solution with pH B3 at a concentration of 2 %w/w

(Rowe et al., 2009)

HPMC has been incorporated into various drug delivery systemtodtseability to
gel on hydrationandadhere to both mucin anducosal surfaces. Due to its nonic
and water soluble nature, possibilities of interaction with other components of the

formulation are greatly reducell has been incorporated into dosage forms toywed
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buccal tablet¢Akbari et al., 2010; Wong et al., 1999a)iccal patchef/ishnu et al.,
2007)oral bioadhesive tablef@\lladi et al., 2011) bioadhesive vaginal tabletBhat
and Shivakumar, 2010bioadhesivdéransdermal gel@Cho and Choi, 2011gndnasal

insert(Bertram and Bodmeier, 2006)

15 Bioadhesive suppositories and its advantage

Retention ofsuppository within the lower rectuwia incorporation ofbioadhesive
polymersenables absorption of the released drug into the lower haemorrhoidal vein
which conveniently escapes fiigass degradation. Thisin be an excellembethod to

deliver drugs which undergo extensive fipgtss metabolism.

Furthermore, the rectum also has relatively low fluid content, thus dissolution of drugs
releasd from suppositories would theoretically be the rate limiting step for drug
absorption.Bioadhesive gppositories could potentially overcome this problem by
prolonghg contact time between molten base aedtal mucoa where absorption
takes place. &uring dosage formet the site of action also builds @pconcentration
gradient for passive diffusion afrugs across the mucoflzehr et al., 1992; Roy and

Prabhakar, 2010)

Yahagi et al. (1999)leveloped doublphasedbioadhesivesuppositories amtaining
lidocaine using Carbopol 934P and beeswax in Witepsol H15. The group used 10 %
carbopol and 20 % beeswaxanattempt to anchor the suppository within the lower
rectum. As a result, increased systemic bioavailability of lidocaora the double

phasedioadhesivesuppository was observed.
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Even when the drug is not extensively degraded during first pass metabolism,
suppositories containing bioadhesive polymers have been found to improve systemic
bioavailability of ranosetron (amantiemetic)by 2.5 times compared to when the

suppository was formulated withoioadhesive compone(itahagi et al., 2000)

1.6 Diclofenac sodium(DcNa)

As one of the moreommonNSAID, DcNais prescribed for a myriad of conditigns
ranging from long term treatment in patiemwith rheumatoid arthritis tehort term
treatment of muscular pains and achiRscently, therdnas been great interest in using
rectalDcNafor postoperative pain managememat could successfully improve pain

scores and reduceed for rescue analgagDhawan et al., 2009)

DcNa is scientifically known as sodium ((@2,6-dichlorophenybamino}phenyl}
acetateandis a weak acid with pkof 4 and a patrtition coefficient {octanol/ ageous
buffer, pH 7.4)of 13.4. The ultraviolet UV) absorbance of DcNa is detected at a

wavelength of 27276 nm(Palomoet al., 1999)

It has a haHife of 2.3 hours after oral administration and is rapidly excreted from the
body. DcNa also precipitates under acidic conditions. Although the drug is fully
absorbed into the system, the absolute systemic bioavailability of active drug is on
approximately 50 % due to the extensive fpass metabolisn(Willis et al., 1979)
Therefore, dosage forms which could effectively avoid the hepatic first pass would
technically allow administration of DcNa at lower doses without compromising the

clinical response@alomo et al., 1999)
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A study conducted in healthy volunteers revealed that peak serum levels of unchanged
DcNa upon administration of suppositorgntaining 50 mg DcNa occurred within 1
hour, while peak serum levels were only attained after the 2 hours of administration in
the subjects given entertmated tablets containing equal amount of digiss et al.,

1978) The herapeutic plasma concentration of diclofenac in human was reported to
be 0.7%2.0 pg/mL (Winek et al., 2001)gnlthough other papers have reported that
concentrations as low as 100 ng/mL of plasma diclofenac was effective in initiating
analgesic effect4Radermacher et al., 1991Meanwhile, trough concentrations of
Voltarer® SR were found to be 225 ng/mL, suggesting that the diclofenac minimum

therapeutic concentration might be huit the range of 260 ng/mL.

To date,DcNa has been commercially marketed as enteric coated tablets, delayed
releasetables for oral administration, gel and ointments for topical applications
suppositoriesfor rectal administration and injectable solution for eithdr or IV
administration.The conventional dose for DcNa orally is 50 mg twice or thrice a day
or 75 mg twice a day for adult3he latest addition tohe market would be the

Voltarer-XR, an exended release formulation BENafor once daily dosing.

1.7 Aims and objectives

Despte beinga traditional suppository bas€B hasbeen known to exist in various
polymorphic formstherefoe; an alternative base without the extensive polymorphism
exhibited by CB is highly desirableFurthermore, suppositorieseemto be an
excellent option for delivery of drugs which undergo extensive first pass metabolism

because absorption from the lower rectum enters systemic circulation directly.
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The aim of this projecwasthereforeto evaluate and charactexribioadhesivécNa

suppositories produced usilagal HPKS.

Specific aims of the studies in this thesis were:

1 to evaluatesuitability of HPKS as an alternative to CB as suppository base
HPKS are widelyavailable in Malaysia as a {product of palm oil at a low
cost

1 to optimise manufacturing methods for suppositories made with both HPKS
and CBusingdifferential scanning calorimetrSC)-simulatedmanufacturing
as well as extemporaneous methods

1 to physically characterise DcNa suppositories containing bioadhesive
polymers made using HPKB8 comparison to those made usitB

1 to study release of DcNa frowarious suppository prototypesid therelease
kineticsinvolved

i to fabricate and develop ndvexperimental prototypesor evaluation of
bioadhesive properties of suppository prototypes incorporated with
bioadhesive polymers (CBP, PVP, HPMC and CMCTYS)

1 to investigatéhefeasibility of synthetic membranes as substitute for biological
membranes inibadhesion studiesSynthetic membranes are easily available,
standardised and doésnequire prior processing.

1 to evaluate physical stability ofsuppositoriesunder different storage
conditionsand duration in terms of thermal profile (DSC method), hesdn

softening time and drug release
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CHAPTER 2

PREFORMULATION STUDI ES
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2.1 Introduction

The suitability of cocoa butter substitutes (CBS), namely ChocExa (CE) and
Supersocolate Speci¥l (SS) was assessed as part of thefqraulation work for
development of a fasicting bioadhesive suppositorBoth CE and SS are HPKS
derived fran kernel of oil palm fruits. CB, a traditional suppository bagech was
indicated to possess qualities of an ideal suppository base is used for comparison

(Ansel, 1981; Kasture et al., 2007)

Althougha suppository base is chemically inert and functionky as a carrier for the
active drug properties of thbéase ould affectphysicochemical properties of resultant
suppositoriesTherefore, it is pertinent to characserithe \arious base properties,

namely;

(a) Thermal profile

Two types of thermal analysis; thermogravimetric analysis (TGA) and DSC can be
used to study the thermal profilEGA detects and quantify badecomposition (CB,

CE and SS) in terms ofiass loss while the DSC shows phase changes encountered by
the baseupon exposure taemperature range encounteredrily manufacturing

procesgGiron, 1986; Schimdt, 2010)

(b) Solid fat content

Solid fat content (SFC) measures the stdidiquid ratio in fats over a temperature
range. It has traditionally been determined using dilatom@tfglker and Bosin,
1971)and more recently using pulsed nuclear magnetic resona&R) (Leung et

al., 1985)or ultrasonic velocimetr{Singh et al., 2004)An alternative métod of SFC
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determination is bycontinuous integration of the DSC thermogram of a sample
subjected to heating across a desired temperature (Btegerd and Sichina, 2000;

Nassu and Goncgalves, 1999)

(c) pH of molten base

Sincetherectum is relatively devoid of buffering capacity, pH of the suppository base
would determie pH of rectal environmenfAhmad, 2001; Bottger et al., 1989)
Certain basealter fH of rectal environmenand this could be potentially problematic

if solubility of the drug is highly pFtlependen{Dash and Cudworth, 2001)

(d) Partition coéficient of DcNa in molten base / distilled water

Partition coefficient of DcNa betweebase and watedetermineshow rapidly and
completely itpartitions out of suppositoryn the rectum(Allen et al., 2008)A small
partition coefficient (favours aques phase) woulgermitrapidrelease of DcNa from

the bases, supporting the aim of this stialgievelop fastelease suppositories.

(e) Viscosity of molten base

Viscosity of the molten base dugmmanufacturing affectsniformity of incorporated

drug within the dosage forifAllen et al., 2008; Coben arideberman, 1986)It is
practical thatmolten baséde sufficiently viscouso prevent sedimentation atlditives

but not too viscous that it makes manufacturing difficult or impedes drug release

(Azechi et al., 2000)

Both CE and SS have never been used in the pharmaceutical industry. Thus, proper

characterisation of these bases woaltbw a systeratic approach in subsequent
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formulation work.This chapter aims to characterigkysical properties ofiPKS in
comparison to CBsaconventional suppository basad compares the robustness of
the bases towards various manufacturing parameters for subsemptanisation of

CB and HPKS suppository manufacturing methods.

2.2 Materials

CB was purchased from JB Cocoa, Malaysia; while CE and SS were obtained as
samples from Lam Soon, Malaysia and Cargill, Malaysia respectively. DcNa was
purchased from Shreeji Pharma International, Indt@aduct specifications are

included inAppendices 13.

2.3 Methods

2.3.1 Characterisation of suppository base

2.3.1.1 Thermal profile

2.3.1.1.1 Thermogravimetric analysis

TGA is conducted by placing6.0 mg of unprocesseffaw) CBi nt o a 40. 0
standard aluminium crucibles (Mettler Toledo, USg8aledwith a lid previously

piercedwi t h a 50.0 em hole to relieve vapour
Analysis was carried outsing a thermogravimetric anagrconnected to a GC10 gas
controller system (MettleToledo, USA). 8ppository basewere scanned at a speed

of 1 °C/min across a range of2to 70 °C. The flow ohitrogen purge was fixed at 5

mL/min. Experiment was repeated in triplicates.

34



2.3.1.1.2 Differential scanning calorimetry

DSC was conducted using TA Q2000 (TA Instruments, Delaware, USA) connected to
RCS 40 refrigeratiorsystem (TA Instruments, Delaware, USA) under nitrogen gas
flow of 50 mL/min. Unmanipulated (raw) base samples (CB, CE, SSYoihg were
crimped into a hermetic Tzero aluminium pan and equilibrateel®°C before
subjected to heating to 6C at a rateof 5 °C/min (first heating). The samples were
then cooled tc10 °C at a rate of 5C/min before undergoing a second heating to
60 °C. Samples were held isothermally at 60 ah@°C for 1 minute before cooling

and second heating phase respectiveleringgrams were analysed using TA
Universal Analysis 2000 softward@he melting point is defined as the endothermic

peak Samples were selectively replicatecensure consistency.

2.3.1.2 Solid fat content (SFC)

Two methods were used to determine SFC in this study; namely the DSC method and
p-NMR method. The DSC method was modified froeung et al.(1985)and was
conducted using instruments and methods mentioned in S@c8drl.2 SFCof the

raw base was obtainedby continuousintegration of thethermogram generated.
Experiment was replicated using fresh samp®stermination of SFC using the

NMR was carried out by Malaysian Palm Oil Board (MPOB) using the MPOB

p4.9:2004 method.

2.3.1.3 pH of molten base
The pH of molten base (without additivesas determined using methon®dified
from Dash(2001) 1.0 g of base was placed intoscintillation vial and added with

10.0 mL of distilled water. The vial was then left to shake for 6 hours at 100 rpm in an
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isothermicshaker (WiseCulfeWIS-20, Wisd Laboratory Instruments) kegit37.0 +
0.5 °C. The solution was filtered using a 0.45 (iterf and pH reading of the solution
wasmeasuredising a calibrateddmnch top pH meter (Eutech, USBgfore and after
shaking Procedures were conducted in triplicates for each .bABEOVA test
followed by post hoc Tuké&g HSD(Honestly Significant Diffeence)analysis(SPSS

Inc., version20, USA)was used tanalyse the results.

2.3.1.4 Partition coefficient of DcNa in molten base/ distilled water

The partition coefficient of DcNa in thbases were determined using methods
modified fromstudies byAhmad(2001) and Nayak2010) 3.0g of base was weighed

into scintillation vials and added with 3.0 mL of&w/v of aqueous DcNalhe vials

were sealed and left to shake for 24 hours at 100 rpm in an isothermic shaker
(WiseCub& WIS-20, Wisd Laboratory Insiments) kept at 37.0 + 0.5 °Che
aqueous phase was filtered with 0.5 nylon filters andabsrbance measured at

276 nm.3.0 g of base shaken with 3.0 mL of distilled water was used as control.
Procedures were conducted in triplicates for each. Ba$®VA test followed by post

hoc Tukeys HSD (Honestly Significant Differencedanalysis (SPSS Inc., version 20,

USA) was used to analyse the results.

2.3.1.5 Viscosity of molten base

Rheological properties of oniypolten base$without additiveswere measured using

a LVDV-E rotational viscometer (Brookfield, USA) fitewith DAA cylindrical
spindle 87. The smallvolume sample chamber used was fitted with a water jacket
attached to a digital heating circulator unit (Protech, W®Aintained aB7.0 + 0.5 °C.

Molten samples(2 mL) were added into the sample chamber and allowed to
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equilibrate to 37.0 °C for 5 minutes. The viscosity stgament in units of centipoise
(cp) was obtained at various rotational speeds ranging fred0@0pm for torque
measurements above 104 Procedures were conducted in triplicates for each base

and expressed as measD.

2.3.2 Optimisation of manufacturing parameters

Due to similarities in thermal profiles between CE and SS (Se2td); SS was
used asan example ofHPKS basein DSGsimulated suppository manufacturing
studies (Section2.32.1) and extemporaneous manufacturing of suppositories at
various Thax (Section 2.32.2). The robustness and ease of manufacturing of SS

suppositories wrecompared against conventa suppository base CB.

2.3.2.1 DSCisimulated suppository manufacturing

Simulation of thesuppositorymanufacturing process was conducted udigC
system mentioned in Sectiéh31.2.2. Unmanipulated (raw) base (CB or SS)4e6
mgweresubjected to &eat/cool/heat cyclacross a predeterminégimperatureange.

The manufacturing parameters which potentially affect polymorphic behaviour of CB
and SS were investigated, namely; (a) maximemperature the base was heated
before solidification Tmay; (b) heating rateduring melting of the bas@H.a) and
cooling ratefor solidification of the molten base to suppositofi€s:). Samples were

selectively replicated to ensure consistency.

2.3.2.1.1 Effects of Tax On phase behaviour
The first heating prior to a cmling cycle was used to simulatenelting of base

followed by cooling and didification in maulds. Independent, freshly prepared
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samplesvere heated to various,dx (CB = 34, 35, 36, 37, 38, 39 and 40 °C; SS = 36,
38, 40, 42 and 50 °C) duringdffirst hea cycle. Molten CB waghen cooled and
equilibrated at 4 °C before the second heating takes @acend heating cycle was
conducted from10to 60 °C upa completion of the first heatol cycleto identify

the polymorphic behaviour dfrystallised CB and SS after heating to variougal
(during first heat/cool cycle). Heating was conducted &Chnin and cooling at

2 °C/min. Samples were held isothermally for 0.2 minutes in between each heat or

cool cycle.

2.3.2.1.2 Effects of Hae and Crae ON phase behviour

To study the effects Ofla.e CB samples were heatém -10 to 37 °C while SS
samples were heated to 42 °C at varioug (1, 5 and 10C/min) during the first heat
cycle andcooled to 4 °C at 2C/min. In the GueStudies, CB and SSsamples werat
5 °C/min to 37 and 42C respectivelyfollowed by cooling dow to 4 °C at various
rates (0.5, 2, 5 and 1fC/min). The second heat cycle thermograofgained by
heating the samples fromlO to 60 °C at 5 °C/min were used to identy the
polymorphic behaviour otrystallised CB and S&fter being subjected tdifferent

Hrate@aNdCiaein the first heat/cool cycle.

2.3.2.2 Extemporaneous manufacturing of suppositories at various Jax

Two types of suppositories were produced in #astionfor evaluation, basenly
suppositories (blank) and suppositories containing the model drug DENa.
suppositories were prepared by fusion mettgase(CB or SS)was heated over a
water bath (Julabo, Germany) to varidygs.x temperatures (CB heated 3@, 34, 36,

37 and 42t 0.5°C; SS t036, 4Q 42 and 5CGt 0.5°C).
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In DcNacontaining suppositorie®cNa was added into the molten base with gradual
stirring before pouring into the 1.0 g steelppasitory mald cavities to coolat
controlled room temperature o2 1.5 °C; relative humidity (RH) 63 + % until
solidification of molten base. The produced suppositories each contained 50 mg DcNa.
Blanks were molded without DcNa into the molteisuppositories were thguaced

into the refrigerator .5 + 1.5 °C) for additional 10 minutes. The excess base
overfilling the mauld cavities were scrapped off usingwarm spatula to produce
suppositories with a smooth, flat efithe producedblank suppositories werscraped
and4-6 mg of sample wasrimped into a hermeticl@minium pan and heated in the
DSC from-10 to 60 °C at 5°C/min. The ease of manufacturirguppositoriesat
various molten temperatures as well as the quality of the mauatddcsuppositories
was assesseduality of manufactured suppositories wagaluated based othe
presence or absence afacks, bubbles or discoloration and well as smoothness to

touch.

2.3.2.3 Determination of displacement value (DV)

Blank suppositories (CB, CE and SS) were produced using calibratedvity steel
suppos#ory moulds (each cavity 1.0 ggnd thesuppositories produced were weighed
Thesame malds were used to manufacture suppositories containing 10 %DaiNe

The medicated suppositories were weighed.

Displacement valuelYV) determination was repeated in triplicates each basand

calculated usingquation 2.las stated biollel (2006 and Vidras et al.1082):
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I+

Equation2.1 3 — ” 1 ”
Where,

F = displacement value

X = percentage of additive used (DcNa)

B = weight of suppositories containing X % additive

A = weight of blank suppositories made without any additiv:
2.4 Results and discussion

2.4.1 Characterisation of suppository base

Based on the tmmogravimetricdatagenerated, the bases appear to be stabletiowe
temperature range of 2® 70 °C. Weight loss of the base was minimal and
insignificant, thugt was concludel that decompositionid not occur across the range

of temperatte that they are exposed to dgrimanufacturing process.

Due tothe large variability imaming of polymorphidorms in published literature,
the polymorphic forms for CB and both HPKS (CE and SS) encountered in this thesis
will be referred to as described ifables 2.12.2 respectively. Designation of
polymorphic forms was based on their respective melting points in comparison to

previous published literature.
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Table2.1: Reported pgimorphic forms of CB and the variability in their nomenclatiable includes nomenclature used to describe CB

polymorphs in this thesis.

Melting range | Von Vaeck Wille and Lovegren et| Van Malssen| Allen et al. Beckett Nomenclature in thesi
(°C) (1960) Lutton (1966) | al. (1976) | etal.(1999) (2008) (2008) (CB)
-5to +5 2 1 (Not observed)
12t0 15 VI I
) 2
16 to 20 2 I \% U )
2110 24 U I W U I
25to 27 3 1 5 6 [l 3A
27 t0 30 bo \Y, I bo v 3B
29to 34 b \% I b \ 4A
34 to 36 Vi b VI 4B

dVan Malssen et al. (1998)ggestedthd& 6 exi st as a range r at h eBecketh(2008) andWdille end kuttann ct f o
(1966)as forms Ill and 1V; and forms I, IIl and IV dyovegren et al. (1976)
8 Form IIl was subsequently found to be a mixture of differeopprtions of forms Il and 1V, as confirmed in studiesArgnhime et al. (1988)

N
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Table 2.2 : The reported polymorphic forms of lauric faBKO blends,HPKS and thevariability in their nomenclature Table includes

nomertlature usedo describe CE andSSpolymorphs in this thesis.

Lauric fats PKO blend’ HPKS
Melting range Anihouvi et al. Noordin and Chung Peyronel and Rossell Nomenclature in
Siew(2001) .

(°C) (2013) (2009) Marangni (2014)| (1975) | thesis CE and S§**
-30 to-10 U Not observed
20 to 28 Form | Not observed
28 to 32 Form Il bH

b o6

33to 34 Form I b6 b6 boO
35 to 37 Vb 6 b

~ Custom blend composed EPKS: PKS: virgin PKO at ratio of 5:2:3.

dqodine value of 0.4 in CE and 0.29 in SS.
iMel ting point quoted for bd forms from HPKS are basedd oandf our di

0.4.

N
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The first heating thermograms kigure 2.1(solid lines) depied melting profiles of
the unmanipulatedraw) bases; while the second melt thermogram (dash lines)
obtained from reheating the bases after first heating and coolingediaerability of

the bases to subsequent solidification after heating to high temperatures.

At least three distinct polymorphs were observed in the unmanipulated CB based on
the first heating thermograitfrigure 2.4, solid line).They wereform 2 (11.9 °C),

form 3A (2.1 °C), form 3B (28.8 °C) and form 4B (8.7 °C). Form 1 was not
observed throughout this study due to its metastable nature whichedeisulits
spontaneous crystadétion into form 2 polymorpl{Dewettinck and Foubert, 2004)

The CB stock used in this study has been stored for about 3 years at 3.5 £ 1.5 °C,
stabilisation of theform 4A into form 4B polymorphover the storage duration

resulted in the existence of fordB as the major compent inunmanipulated CB.

Upon cooling after the first heating>B existed mainly in form 2which exhibis an
endotherm pealt 203 °C (melting ofform 2) and to a much lesser extefarm 3B

which melted at 266 °C (Figure 2.k, dashed line) The presence of these
polymorphic forms is unfavourable, as the suppositories would theoretically remain in
the liquid state at room temperatures, causing sedimentation and separation of the

active drug or additives from the base.

Previous studies bgiew (2001)suggested that HPKS predmmantly crystallises into
b6 polymorph which has a melting endothe
3538 °C. The author also observed an exothermic event-25 22 suggestive of a

transition from | ower melting polymorphs
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Both the HPKS used in this studyere found to have lesser polymorphic forms
compared to CBIn the first heating cycleCE (Figure 2.Db, solid line) yieleéd three
distinct melting enddterms; b Hpresentd asa small peak at 2@ °C, a larger
endotherm aB4.1 °C by the b fform and a less visible shoulder around.3 °C
attributed to the presence foform. This was consistent with th#PKS melting points
reported byChapman et a[1971) Upon cooling, molten CErystallised into thd® 6

form which exhibited a single melting endotherm at 31.7 °C, as observed in the

second heating thermografidure 2.b, dash line).

Similarly, SS displayed thredifferent forms the b Hform (27.9 °C), ba form
(35.7 °C), andbform (present as a shoulder arouri43’C) (Figure 2.k, solid line)
Upon first heating and coolin@Scrystallieed into b fwhich melts at 31.9C (Figure
2.1, dash line)Both CE and SS existlin polymorphic forms with melting points at
approximately 32°C after the first heat/cool cyclejespitea slight shift in the
endotherm peak to a lower temperatooenpard to the first heating. This reflected

the robustness :iPKSoverCB towards tempature manipulation.

All three bases had melting points close to the human body temperature, which is an

essential charaeristic of a suppository base
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Figure 2.1: DSC thermograms showing the first and second heating profile

unadulterated (raw) bases (a) CB; (b) CE and (c)S98d lines and dash line

indicate the first and second heating respectively. Thermograms were offs

clarity. Enthalpyof fusionwasincluded on far right of each thermogram.
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Figure 2.2 shows the SFC of the three bases determined using the DSC method. The
melting integral of a thermogram corresponds to the proportion of melted fat at a
particular temperatur@arquez et al., 2013)The SFCcurves Figure 2.2) of all

three bases (CB, CE, SS) were similar and have very steep slopes bet888C 32

Comparatively, the SFC generated usinggidMR (Figure 2.®) showed that curves

for both CE and SS were almost identical but were skewed to the right of the CB
curve. This was due to the experimental methods where CB samples have been heated
up to 80 °C to clear thermal memory before analysis, thus the SFCisuikely to
correspond to the less stable polymorphic form of CB. The DSC method allows
continuous measurement of a single sample across the entire range of temperature and
allows the measurement of unadulterated (raw) samples; hence preferred fogstudyin
the processing behaviour of the base during suppository manufacturing. In general,
both the HPKS (CE and SS) remained solid until higher temperatures than CB before

undergoing a similar sharp melting over a narrow range of temperature.

The SFC of fatccan be used as a prognostic indicator of essential properties; for
example, the SFC below 2& provides an indication of hardness of the particular fat,
while the SFC between 2Z¥ °C reflects its resistance to heati(iforbica et al.,
2005) Meanwhile,the steepness of the slope at 83 °C is more relevant in
suppositories as it reflects how rapidly the suppository melts at human body

temperature.
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Figure 2.2 : SFC (%) of unadulterated (raw) suppository bases (CB, CE and SS)

determined usin¢p) DSC method angb) p-NMR method (MPOB p4.9 : 2004).

Meanwhile, none of thehtee basesignificantly altered pH of distilled water upon
melting (p> 0.05. The model drug DcNa have been reported to reaselubility of
0.0036 mg/mL in pH 4.5 acetate buffer to 0.036 mg/mL at pH 5.3 where a modest
increment of pH by 0.8 lead to a-1dld increase in solubility of DcNéChuasuwan et

al., 2009) Therefore, anychanges in pHorought abouty melting of bases could
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potentially affect the solubility of DcNand its release from the basesnsidering the

lack of bufferingcapacity in the rectal cavity.

An important attribute of a suppository base is its ability to release the incorporated
drug completely upon melting. The melting profile, viscospwgytition ratio and
solubility of drug in surrounding aqueous ewviment impacts the ease of drug
releaseIf a drug has higher solubility in the fatty base over the aqueous phase (rectum
environment) then it may be incompletely released from the suppositories or released
slowly (Allen et al., 2008) DcNa was found to preferentially partition into the
agueais phase over oily phase in tilethree studied bases. This suggdshat all the

three bases release DcNa rapidly, although the partition ratio (base/water) of DcNa in
CB (0.245 £ 0.007) wasignificantly higher (p< 0.05)than both CE (0.031 + 0.003)

and SS (0.037 + 0.008).

70 -

65 -
=—CB

55 - =—-CE

Viscosity ( cP)

50 - SS

45

40 T T T 1

Shear rate (1/s)

Figure2.3 : The viscosity of the bases (CB, CE and SS) under different sheal

maintained at 3% 0.5 €. Mean + SD, n=3.
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Figure 2.3showedthat the viscosities of all three bases decrease with increasing shear
rate. CE generally had similar viscosity to CB over shear rateidf020rpm at 37C

while SS appead less viscous than both CE and CB. CE and SS are mainly
composed ofshorterchaired lauric acid (&) while the longer stearic acid {§
predominates irfCB (Allen et al., 1999; Gros and Feuge, 195®8)molten base with
lower viscosity may offerbetter spreadability in the rectum upon melting, thus
increasing surface area for dnejeasebput at the same timextremely low viscsities

risk sedimentation fodrug particles during manufacturing. The lower visgesitn CE

and SS in this situation wemmpensated by a steep SFC proffféggre 2.2, as

rapid solidification reduces risk of drug sedimentation.

2.4.2 Optimisation of suppository manufacturing methods

The first heating in the heat/cool/heat cycle in the B8fulated manufacturing of
suppositories was conducted to simulate heating up of the base; this is then followed
by cooling of the molten to produce solid suppositories. Finally, the second heating

was used to determine the melting profile of the suppositories produced.

The small endothermic peak observed in th&2Q0C regionsKigures 24ai d, inset)

in CB samples was attributed tmelting of metastable form 2. The entailing
exothermic peak obsexd at the range of 185 °C corresporetl todirect solidsolid
transition of the metastable form 2 to form @2ewettinck and Foubert, 20Q4yhich
intensity increases proportionally to increasing amoahtsrm 2 present. CB molten
heated to a Jax between 387 °C Figures 2ai d) crystallsed mainly into form 2 as
well as a mixture oform 3A and 3B. Similar to previous studies, the experiments

carried out in this study using DSCere unable to distingish between the form 2 to
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form 3transitions and the direct crysta#ition of form 3 from the me(fToro-Vazquez
et al.,, 2004) The presence of a small peakagproximately36 °C (Figures 24ai c,
asterisk) simply implied the incomplete melting of form 4B in ihi&al raw base
before cooling down rather than as a result of the thermal manipulation imposed. The
size of form 4B peak decreased as thgxWwas increasedHgures 2aic) and

completely diminished whenkxwas above 37 °CHgures 24di g).

When CB was heated tq,dx > 37 °C, the main polymorphic form produced was form

2 with small amounts of form 3A whictvas present as a shoulder ati28 °C

(Figures 24e-g, solid arrav) . Compl ete removal of cryst
continuouscooling to 4 °C at 2C/min resulted in formation of unstable form 2
polymorph. The small amounts of form 3A observed could be a result of the
spontaneous transition from any form 2 polymoppbduced Dewettinck and Foubert,

2004) This highlighed the narrow temperature derangement tolerated by CB during

manufacturing before the base preferentially crysaslinto form 2polymorph.
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Figure 2.4 : Thermograms of the second heating cycle of CB samples. CE

subjected to variou$nax (5 °C/min) before being cooled at°Z/min to 4 °C. Subtle

peaks are enlarged in the respective figuretilsgow denotes small amounts

form 3A polymorph present as a shoulder. Astenekotes residual form 4B

polymorph from first heating.

Figures Xai f showed that SBaseheated to btween 36 and 50 °C recrystadiésinto

a single polymorphic form, the stalé® form (31-32 °C). This was consistent with

previous studies which repedthe preferential crystallisation of lauric fats into the

b fpolymorph(Anihouvi et al., 2013; Ehlers, 2012; Rossell, 1975; Timms, 1984)

51



Exo Up
10+

|
*

(a) Tmax=36°C

\/ 377°C

32.0°C
2 (b) Tmax=238°C

w 38.8°

320°C

§: 0- (c) Tmax=40°C
3 \y
i 3.7°C
¥ (d) Tmax=42°C
Q
£ N
316°C (e) Tmax=45°C
-10- w
316°C () Tmax=50°C
32.1°C
-15 T T T T ¥ T T T ¥ T T 1
0 10 20 30 40 50 60

Temperature (°C)

Figure 2.5 : Thermograms of the second heating cycle of SS samples. S!
subjected to variou¥$nax heated at 3C/min before being cooled at Z/min to 4

°C. Asteriskdenotsr e si du al b polymorph from

Presence of a small peak around3%7°C {igures Zai b, asteriskvasthought to be

due to incomplete melting df form in the base before the cooling cycle. SS has a
wide range of Faxtolerance of at least 10 °€igures ci f), a contrasting difference

to CB. This simplifies manufacturing c&uppositories using SS as it reqdiless
stringent temperature control. As long as SS is completely molten (>38 °C), it would

sol idify i;polynoorpl Thsstrendbwas obseived fogJup to 50 °C.
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On the contrary, thervasa narrow range of JJox between 3438 °C which the CB
base has to conform to during manufacturi@B has to be heated up to the
temperature at whiclt completely melts, yet ensuring that it does not overteat
produceform 1 (Uform) or requie excessiely long time for solidificaibn. Unlike CB,
crystallisation of SS was not affected bymgk during manufacturing using DSC

simulated methods across thg.Jrange of 4660 °C.

Figures 26ai ¢ showed the crystallsation of molten CB previously heated to 37 °C
upon cooling at 2, 0.5 and 0°Z/min. CB molten cooled at 2C/min has hree
distinctcrystallisation exotherms aR1.9 183 and 144 °C respectivelyFigure 26a).

At cooling rate of 0.5C/min, there weragwo crystallsation exotherms at125 and
10.5 °C (Figure 26b), while cooling rate of 0.2C/min resulted in a single
crystallisation exotherm at Z8°C (Figure 26c¢). This was translated into the different
polymorphic forms as charactsxd by distinctendothermic peaks observed upon
reheating Figures 26d-f). At the cooling rates investigated, CB crystallised mainly
into form 4A Figures 26d-f, open arrow). CB cooled at 2C/min contained
considerable amounts &rm 2 (Figures 26d-e, solid arrow)which diminishe as
CraieWas loweredPresence oform 2 is supported by thappearancef anexothermic
peak arand 18 20 °C (Figures 26a-b, asterisk) whicltorrespondd to its trarsition

to 3A polymorph.Melting of this 3A polymorph appead as a faint shoulder around
221 26 °C (Figures Xa-b; hash). This exothermic peak at 28 °Cwas absent when

the Craewas reduced to 0.5 and 0°2/min (Figure 26f).
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Even when CB was heated to 38 °C, it may still be possible for the molten to
crystallise into form 3Bpolymorph Figure 27d, asterisk) with a niéng point at
30.2 °C via slow cooling at 0.8C/min, albeit in mixture with substantial amounts of
metastable form 2 Fgure 27d, solid arrow). However, the formation of 3B
polymorph decreasedvhen CB was heated to 39 °@idure 27e, asterisk) and
comgetely diminished with T« 0f 40 °C Eigure 27f). In CB heated to 40 °C, slow
cooling at 0.5°C/min produced only form 2 polymorph&igure 27f, solid arrow).
CB heated to 380 °C crystallsed mainly into form 2 Kigures 27a-c, solid arrow)
with smallamounts of 3A polymorphd={gures Z7a-c, open arrow) upon cooling at
2 °C/min. The difference in G greatly affects crystaation and polymorphic form
of molten CB Rapid coolingesuledin anunstable diffuserystalline phase made up
of low energy polymorphs, while slow abing allows more time for the TAGhains

to pack into a lamellae to form a stable) 3tructurg(Metin and Hartel, 2005)

In molten SS howevethe C.4c had less influence on the resultant polymorphic forms.
SS consistently undeenta single step crystallisation processgures 23(i)a-d) into

t he sGableobph (an d)widaaneling enéotherm at BB °C
(Figures 28(ii)a-d, solid arrow); regardless of the,ebetween 0.5 °C/min. This
robustness observed in SS is favourable especially for the manufactdring o
suppositories as it eliminates requirement for ratstrolled cooling and prevents

variability of polymorph formation in the final product.

The Hae ON the other hand, was found to not affect thigmorphic forms produced

in both CB and SS between1D °C/min (results not shown).
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The Gae0f moltenbasein extemporaneously prepared supmmrges was ~1°C/min,
projectedbased orthe timerequired for molten base temperattoelecreaséy 10 °C

during actual manufacturing

All extemporaneously producesuppositories from CB molten at variousnal
resulted in similar profiles, with the exception of molten CB & of 32 °Cwhere an
additional small endothermic peak at 36.5 (Figure 29a, asteriskwas a result of

the incomplete melting of thenmanipulated (raw) CB base during manufanty

This was consistent withbservatiosin DSC simulated studie§igures 2ai c). The
main endothermic peakt 32.4 + 0.3 °Cindicated tlat CB suppositories existed
mainly in the stabldorm 4A (Figures 2a-e, open arrow)with a shoulder aP5i

29 °Cattributed to the presence ofie or more form 3 polymorph&igures 2a-e,

solid arrow).The proportion of form 3 polymorphs present increased with increasing
Tmax A small peak at I®0 °C was observed which correspeddo very small

amounts of form 2 polymorplrigures 2a-e, inset marked with hash).

This is aninteresting finding sinceeven molten which has been heated 1© 4C
congealed to produce suppositories in the stalole 4A polymorphsEigures 2Da-e),

rather than ito form 2 polymorphs as observed in the DS@ulated studies and as
suggested by various literaturg€ollett, 1990) It was deduced from these
observations, that evenhen molten CB has been heated above€G6it was still
possible to manufacture suppositories in the stable form 4A as long as the molten CB
has been allowed to congeal over longer periods of time (ie: >55 mins) at
temperatures between 2123.5°C. If the same molten had been rapidly cooled in the

refrigerator (simulated by the DSC cooling), it would have congealed under
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refrigerationinto form 2 polymorph which reverts to a molten once removed from the

refrigerator, owing to its low melting point
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Figure 29 : Thermogramsof extemporaneously produced CB suppositories
manufactured from molten heated to variougaTfollowed by solidification at
regulated lab conditions of 22.5 = 1 °C; RH 63 + 3%naller peaks are shown in the
enlarged insets. Haskindicate the form 2 polymorph, while solid and open arrows
denote the presence of form 3 and form 4A polymorphs respectively. Asthask

the unmelted residual (raw) base.

On the other hand, molteé®S appeared white and creamy when heated up to 39 °C.

At 40 °C, SS becomes a colourless liquid. The SS suppositories produced from
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molten at haxof 40 t o 50 AC consiipolymalph Giguiesn | y o f
2.10a-d, open arrow) with anelting poirt of 34.3 £ 0.1 °C, together with a small
fract i,@igure®D, sdidarrow), evident as a small shoulder at 29.4 + 0.5 °C.

The small peak present at.40C (Figure 2.Da, asterisk) wa a result of residual

unmanipulated (raw) baskie toincomplete melting.
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Figure 2.10 : Thermogramsof extemporaneously produced S$&uppositories
manufactured from molten heated to variougaxTfollowed by solidification at
regulated lab conditions &2.5C £ 1 °C; RH 63 +3 %. Solid arrow denotes the
presence of safadrlm,a mohiinltes o e fobnbaAsteriskw d e n o

shows the unmelted residual base.
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A summary of the qualitative assessment can be foumdbie 23. It wasfound that
molten CBheated t82 °C and belowwas too thickor DcNa incorporatiomand made
pouring into maulds difficult. On the other handmolten CB heated to 38 °C and
42 °C resulted isolidificationtime more than 60 minuteandsedimentation of Dda
particles to the bottom of the suppositoness observed. Incorporation of DcNa into

SS on the other hand, was easy in molten heated to temperatures at@ve 36

The observed differences for CB and SS between both methods-sipG@&ted
method and extemporaneous manufacturing) were mainly due to differences in
experimental setup. Extemporaneously compounded suppositories were manufactured
in a lab with temperatureggulated a2 + 15 °C; RH 63 +3 %, while the samples

in DSGsimulated studies were crimped into a pan and cooled at a fixed rate.
Moreover, the molten bases in extemporaneous manufactured suppositories were
subjected to stirring (shear) which faciteéd rearrangement of the fatty acid chains

into a more stable arrangemé¢bhonsi and Stapley, 2006)

The effectsof temperature and shear on crystallisation and polymorphic forms
produced has been well demonstrated by various gr@ipsnsi and Stapley, 2006;
Macmillan and Roberts, 2002; Sato, 2Q0h) the presence of shearing in CB, form
4A polymorphs were proded as a result of transformation from the precursor form
3A (Dhonsi and Stapley, 2006; Sato, 2Q04ile in the abance of shearing, only the
form 3variants (both form 3And 3B)wereobserved, withdrm 3A polymorph again

acting as a precursor for the formation of more stable for{SaR, 2001)
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Table2.3: Qualitative assessment of CB and SS molten properties, ease of manufacturing prodssslaaqpearace of compounded

suppositoriesubjected to various,kx as determined by lacale extemporaneous manufacturing procéss.

T e (°C) CB SS
30 32 34 37 40 36 40 42 50
Molten. Colour Pale Milky Yellow Dark Dark White | Colourless| Colourless Colourless
properties yellow yellow yellow yellow
Bubbles - - - + + - - - -
Turbidity ++ + - - - ++ - - -
Viscosity ++ + - - - ++ - - -
Ease of Drug Difficult Difficult Difficult
manufacturing| incorporation (thick Easy Easy : (thick Easy Easy Easy
(sediment)
base) base)
Pouring into iffi iffi
mould g ([\)/ :EL%UJZ) Easy Easy Easy ([\)/ :;fg;uulg) Easy Easy Easy
Leaking from ) i N it i ) ) )
mpuld Unable
T'”."e.. . to to mauld
solidification 15 18 54 65 5 7 10 18
(min)
Produced Colour Yellow | Yellow | Yellow Yellow White White White White
suppositories | Smoothness Smooth | Smooth | Smooth| Smooth Smooth | Smooth | Smooth | Smooth
Cracks - - - - - - - -
Airholes
(Bubbles) * - - ] * * * *
$6+06 implies presence of a parti cuelravratoibosne rwiatthi ognr:ée adt+apd iiiem peltnitse st ) rs ensha i ceo féo ft htet

(o))
N



Similarly, extemporaneously manufactur88 suppositoriecomprised othe higher
me |l t i n g;paymorpht(333 6C) in the presence of shear (from stirring of
molten) rather than the lower meltingo i n polymaodph observed in the DSC

simulated studies.

Based on both DSGimulated andextemporaneous manufacturing of suppositories,
Tmax0f 34and 42 °C were used in production of CB and SS suppositories respectively

for subsequent analysis congidg their practicakolidificationtime.

The DV of a compound is the weight of medicament or additive which displaces 1.0 g
of the base in which they are to be formulate@len et al., 2008)These values are
crucialto determnethe exact quantgs of excipients, active drug and bases needed
to formulate each suppository as theutds usedduring manufacturing are of a fixed

volume(Allen et al., 2008; Babar et al., 1999; Vidras et al., 1982)

DV of the same drug could be different for different bases due to difference in density,
hence complicating the manufacturing process and resulting in inaccurate dosage
strength.This study foundhatthe DV of DcNa was similar among the three bases
(CB =1.40 + 0.06 CE =1.40 = 0.02and; SS =1.48 + 0.07. CE and SS may be a
good substitute or equivalefor CB as a suppository base in existing formulations

using CB.

2.5 Conclusion

Both the HPKS used in this study, CE and SS were found to be comparablerio CB i

terms of thermal profileSFC pH, viscosity andDV.
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This chapter also found that CB has rigid processing parameters during manufacturing.
When manufactured extemporaneously, it is crucial that the CB molten base is (1)
maintained between 34 + 0.5 °C oy heating and (2) allowed to cool slowly to
between 2024 °C to produce suppositories with the desirable form 4A polymorph (3)
molten CB should not be placed into a refrigerator before solidification is complete as
it will result in rapid crystallisatiorinto the form 2 polymorph. These restrictions
however, were not relevant in HPK@here crystallisation was independent of the
heating and cooling process during manufacturing. Stirring of molten (shear)
promotes the formation of higher melting point pobnphic forms in both bases.
HPKS is a suitable alternative suppository base due to its superior manufacturing

flexibility compared to CB.

Based on the findings in this chapter, the two HPKS investigated (CE and SS) appear

to be suitable candidates as dternativelipophilic basefor the development ddcNa

suppositories.
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CHAPTER 3

FORMULATION AND
ASSESSMENT OF SUPPOH ORY

DOSAGE FORM
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3.1 Introduction

3.1.1 Routine analysis for manufactured suppositories

Analytical assessments of manufactured pharmaceutical products are routinely
conducted to ensure quality standards are met. Following manufacture, suppositories
are physically inspected for its appearance; examined for weight uniformity, melting
point, vigosity, active drug content, resistance to mechanical fracture (hardness) and

softening timgCoben and Lieberman, 1986; De Blaey and Tukker, 1996)

Visual appearance of suppositories can sometimes be a good indication of the
homogeneity of suspended ingredients as well as suitability of the manufacturing
parametergAllen et al., 2008; De Blaey and Tukker, 1998)eanwhile, significant
weight varidion in a batch of suppositories could be an indication of either
inhomogeneity of additives or the presence of a cawitych ultimately affects
content uniformity of dosage forms Proper standardisation of manufacturing

parameters would minimise thegariations (Mollel, 2006)

Melting point of a lipophilic suppository is crucial for drug release upon insertion into
the rectm. A depressed melting point leads to melting and damage of the
suppositories during handling while those wtlelting point above body temperature

will not melt completely. Various methods have previously been used to study melting
point of suppositories, including the DSKauss et al., 2013; Mollel, 2006; Yahagi et

al., 1999) capillary method/Ahmad, 2001; Hammouda et al., 1993; Pugunes and
Ugandar, 2013and water bath methd&hegokar and Singh, 2010; Soremekun et al.,
2012) The DSC method offers a more precise measurement as it records actual phase

changes of the base across #raperature range tested.
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Viscosity of meltecdsuppositories wouldffect spreading and releaserédicationin

situ (Azechi et al., 2000)Thicker molten may hinder druglease and limit spreading
while excessively watery molten could leak from the rectum. Suppository viscosities
have been measured using viscometers of the Ubbelohdé€Yshagi et al., 2000)
cone and plate typ@ akatori et al., 2004and spindle viscomet¢Reanmongkol et al.,

2011; Victoria and David, 2003)

Determination ofthe active drug (DcNaxontent of suppositories is crucial to
demonsrate doseéo-dose consistencyMethod of active drugquantification range

from the more conventional solvent or aqueous extraction of the drug followed by
subsequent spectrophotometanalysis(Shegokar and Singh, 2010; Swamy et al.,
2012; Zawar and Bhandari, 20123)y way of DSC microguantification method
(Noordin and Chung, 2004y by using the partial least squares treatment of the FT

Raman spectrégszostak and Mazurek, 2013)

Additives are known to affect hardness of suppassdCoben and Lieberman, 1986;
Guneri et al., 2004; Kosior, 2001; Shegokar and Singh, 2@l®ough there is no
standard method to evaluate hardness of suppositoresurements have been done
using suppository hardness tester type SBT by Erw@eabar et al., 1999; Ghorab et
al., 2011; Guneri et al., 2004; Hanaee et al., 2004; Shegokar and Zigh,bench

top tablet hardness test@&l-Majri and Sharma, 2010; Kurosawa et al., 1985; Oribe et
al., 1995) handheld Monsanto tablet hardness tegddsman and Kadi, 2011; Saleem
et al., 2008; Varshney Himanshu and Tanwar, 200@)dified rheometer with tooth
press stick BRamadan, 2012; Yahagi et al., 1998nd texture analysé6Gugulothu

et al., 2010)
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Softening time is gpecially importanfor lipophilic suppositories. Aong softening

time mayresult in premature expulsidrom the rectum befordrug absorptioncan

occur, yet suppositories which soften too soon are easily damaged during handling
prior toadministrationThe European Pharmacopoeia (20$pgcifiedan apparatsiin
Section 2.9.22 which consisted of a glass tube immersed in a temperature controlled
water bath for the measurement of time elapsed for lipophilic suppositories to soften
permitting penetration of rod probe. Apart from that, softening time can also be
determined using the liquefaction and softening time appa¢staghimipour et al.,

2009)and Utube submerged in a watkath(Varshney Himanshu and Tanwar, 2009)

This chapte aims tomanufacturébioadhesivesuppositoriexontainingDcNa (model

drug) andfour different types of bioadhesive polymersing the fusion method. The
polymers used were the anionic polyn@BP grade 978 NF; amphiprotic polymer
CMCTS and nonionic polymers PVP gradeK30 and HPMC grade2910. The
manufactured suppositories were then subjected to routine analysis in terms of
physical inspection, weight variation, melting point, DcNa content, visGdsrdness

and softening timén orde to ensure the quality standards are met.

3.2 Materials

Thebase and model drugsedhave been described thection2.2 CBP 974P NFRwvas
obtained as a sample from Drelkem (M) Sdn. Bhd., MalaysidiPMC 2910was
purchased from Newstar Chem Enterprise, ChiR’P K30 was acquired from
Brightchem Sdn Bhd., Malaysia; while CMCM&as procured &m China Eastar Co.

Ltd., China. Potassium dihydrogen phosphate @Ridy,), dipotassium hydrogen
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phosphate (KHPO;) and potassium bromide were purchasemn Nacalai Tesque

Inc., Kyoto, Japan. Product specifications are includeékppendices 47.

3.3 Methods

3.3.1 Manufacturing of DcNa suppositories containing bioadhesive polymers
Methods of suppositgrmanufacturinghave been optimised iBection2.4. The DV
for bioadhesive polymers were determined using methods descriBedtion2.3.3.3

for all three bases used.

The actual amount of suppository base required for a specific batch of suppositories
was calculated usingquation 3.1 The base required was acawaly weighed into a
ceramic evaporating dish using a lab analytical balance (Sartorius, Germany) and
heated over a water bath (Julabo, Germany) to 34.0 °C for CB and 42.0 °C for both
the HPKS (CE and SS). Accurately weighed DcNa and bioadhesive polyrasgs w
evenly mixed into the molten with gradual stirring before pouring into the 1.0 g steel
suppository maold cavities. Suppositories were allowed to congeal at room
temperature for 30 minutes before the overfilled excess was savéipesing a heated
spaula. The suppositories produced were stored at 3.5 £ 1.RFQ@9 + 3 %; and

used within 2 weeks of manufacturing. Five suppository formulations were produced
for the subsequent analyses; basl/ suppositories (blank), suppositories containing
only 50 ng DcNa (DcNa only) and suppositories containing 50 mg DcNa added with
1, 2 or 5 %w/w bioadhesive polymers (CBP, PVP, HPMC, CMCTS). The resultant

suppositories were 25 mm in length and 8 mm in diameter at the barrel end.
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Equation3.1 0 0 WO — —
Where,
B = amount of base required
N = number of suppositories to prepare
F = fill weight of mould cavities obtained from nutd calibration
A; = required amount of additive
D; = displacement values of addithlein the base used
A; = required amount of additive
D, = displacement values of additkzein the base used

3.3.2 Dosage form analysis

3.3.2.1 Visual inspection

Physical apparances of the external surfamie10 randomly selecteduppositories
(n=10) from eachformulation were examined for odour, shape integrity, colour

uniformity, andmanufacturing defects.

3.3.2.2 Weight variation

The massof 10 randomly selected suppositorigs=10) from each formulatiorwere

individually weighed Dataobtained was presented as mean weight + SD

The target weight (g) of individual suppositories for each formulation was calculated

as a comparison to the actual weight of the suppositories produced, using the equation:
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Equation3.2 YOI "QAax@Q

Where,

WBy = weight of base used (CB, CE or SS) to produce one batch

WDy = weight of active drug used (DcNa) to produce one batch

WPy = weight of bioadhesive polymé€BP, HPMC, PVP, CMCTSpr one batch

N = number of suppositories to produce in one batch

3.3.2.3 Melting point

The melting point ofall the formulations was determinadsing DSCparameters
described for determination of melting point of the baseSection2.3.1.1 The
endothermic peakininimum on the DSC thermograwas identified asnelting point

of the formulation tested.

3.3.2.4 Determination of DcNa content

The suppositods were stirred in 200 mL phosphate buffer (pH 7.4) solution on a
Variomad® Telesystem magnetic stirrer plate (Thermoelectron Corp, WI, USA)
immersed in a 37.0C water bath (Fisher Scientific, PA, USA) for 3 hours. The
content of DcNa released from eachuppository was quantified
spectrophotometrically. Only formulations incorporated with 5 %w/w bioadhesive
polymers (CBP, PVP, HPMC and CMCTS) were examined for content uniformity.
Suppositories containing 50 mg DcNa without bioadhesive polymer was exaimined

comparison purposes.
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3.3.2.5 Viscosity

Viscosity measurements of the molten suppositories were carried out in the same
manner asSection2.3.1.5 The measurement obtained at shear rate of 50 rpm was
used for comparison purposes between the -bale supposiries, suppositories
containing only DcNa and suppositories containing DcNa &bd%aw/w bioadhesive
polymers. The experiment was carried out in triplicates and the results were expressed

as mearx SD.

3.3.2.6 Hardness

Hardness of the formulated suppositories wasasured using Dr. Schleuniger 8M
Tablet Hardness Tester (Pharmatron, USA). The hardness tests were carried out at
room temperature. Hardness measurements in units of Newton (N) were taken both at
the cylindrical circumference-{gure 3.HR) as well as thpointed tip Figure 3.b) of

the suppositories. Measurements were repeated with six independent samples (n=6)
for each batches tested for both the forces required to break the barrel and tip of the

suppository.

a) Force b)

D Force Force

Supposit m@ @
ﬁ Suppository

FForce

Figure 3.1: Direction of force exerted df) cylindrical circumference (barre(b)

pointed tip of suppository.
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3.3.2.7 Softening time
The softening time of suppositories were measured using a modified appBigiws (
3.2 adapted from the Erweka Suppository Penetration Tester PM 30 (Erweka,

Germany) and SR® Penetration Tester (Pharmatest, USA).

Brass probe with 1-cm
graduation and stopper

polystyrene

Glass Test tube Test tube

rack

Water bath at 37 °C

Test suppository

Figure3.2 : The experimentadetup of the softening point apparatus.

Thesetup of the apparatus illustrated=igure 3.2 comprisel of a rounded end pyrex

test tube (inner diameter = 0.9 cm; length = 7.4 cm) (lwaki, Japan) vertically
immersed in avater bath maintained at 37.0045 °C using a test tube rack secured
with a pdystyrene holder. The polystyrene holder serves as an insulator to prevent

heat loss as well as to secure the test tube gtangte.

A suppository was introduced into thest tube pointed end first andtimmer was

started simultaneously as a graduated brass probe (diameter = 0.9 cm, length = 8.9 cm,
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weight = 51.8 g) was placed over the suppository. The rod slowly penetrated the
suppository as it softens. The end point (softening time) was measured asethe t
elapsed for the probe to penetrate 1 cm depth of the suppository. Experiment was
carried out in triplicates for each formulation at room temperature of 24.5 £ 2.5 °C,

andRH of 58 + 5 %. Results were expressed as mean time = SD.

3.3.2.8 Statistical analysis

The results obtained from SectioBs3.2.5, 3.3.2.6 rad 3.3.2.7were analysed using
analysis of variance (ANOVAJSPSSInc., version 20, U8). Posthoc analysis using
Tukeybébs HSD test was <carried out where

difference at p < 0.05 was obtained.

34 Results anddiscussion

34.1 Physical inspection

The \Jsual appearances of the suppositories werepsaioke for all the formulations.
Suppositories were intact; surface was smooth; colour was even and uniformed with
the absencef visible defectssuch as those illustrated Figure 3.3on the external
surfaceof suppositoes. There was no abnormal odour from the suppositddiely.
suppositories which have passed the visual inspegtene included in subsequent

analysis
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4 e)

Figure 3.3 : The common defects found on suppositori@d:fissures or crackgb)

pitting; (c) fatblooming;(d) particle sedimentatiorfe) chipping.

3.4.2 Weight variation
The target weight, actual weightnelting point andcontent uniformityof the test

formulationsweretabulated inTables 3.13.3for CB, CE and SS respectively.

Suppositories prodwed weighed between 1.09 to 1.14Tglfles 3.13.3). Mean actual
weight of manufactured suppositories waggpod agreement with the target weight,
and deviations from respective target weights were + 1 %. The SD value of the
samples for each formulation was small (+ 0.011 g), this was suggestiyeodf
weight uniformityandthat the additives were well disged within the suppositories.
The British Pharmacopoeia (20195tated that weight deviation in a batch of
suppositorieshould be within the range of396. A large variation in weight coulbde

due to either nostandardied maild cavity fill or nonhomogeneity of molten

mixturewhich would affect conteniniformity of the suppositorieMollel, 2006)

All batches of suppositories produced throughout this study were assessed for
compliance to the weight uniformity (£ 5 %) before further analyBiss provides
assurance that suppositories used in subsequent analyses were homogenous and of

satisfactory quiy.
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3.4.3 Melting point

Although thermal profile of the investigated bases haveeen adequately
characterised in Chaptey the melting point osuppositaies produced may be altered

by incorporation of additives (DcNa and bioadhesive polymers) or by the
marufacturing process itself(EI-Majri and Sharma, 2010; Mollel, 2006; Shegokar
and Singh, 2010; Takatori et al., 2004; Yahagi et al., 1989} study found that
manufactured blanks for all three bases etHitetween 32.5 to 34.8C (Tables 3.1

3.3). Suppositories made using HPKS (CE and SS) melteeR&tCL higher than the
corresponding formulation produced using CB. The addition of DcNaatidppear

to affect the melting point for suppositories made with all three bases (CB, CE and

SS).

The addition of 15 %w/w CMCTS to CB suppositories increasexlting point of the
suppositories by 1 °C, while addition of CMCTS decreased the melting gfo®E
suppositories slightly. SS suppositories containing PVP had consistently higher

melting poins compared to SS suppositories contagother bioadhesive polymers.

In general, the melting points of alippositoriescontaining 50 mg DcNaemained
approximating body temperatyrbetween 32.5 to 35.8C. Yarnykh et al.(2011)
reported that the melting point of commercial suppository bases found in the market
ranged between 29.0 to 400. Suppositories produced usingturalfatty basesfor
examplefat fromborneo tallonseedgRobertson, 19613andpalm oil blendgPugunes

and Ugandar, 2013yere found to have melting points ranging between 843@.0

°C and 37.687.1°C respectively.
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Table 3.1 : The target weightactual weight, melting point and DcNa content of CB suppository formulations containing 50 mg DcNa and

bioadhesive polymers. Mean + SD.

Polymers ¢ow/w) Target weight Actual weight (g) Melting point | DcNa content (ng)
CBP HPMC PVP CMCTS (9) (n=10) (°C) (n=3)

CB without DcNa - 1.090 + 0.005 32.8 -
- - - - 1.104 1.103 + 0.005 32.7 48.51+1.81
1 - - - 1.108 1.105 + 0.005 32.9 -
2 - - - 1.112 1.109 + 0.006 32.7 -
5 - - - 1.125 1.118 + 0.006 325 48.52 +1.07
- 1 - - 1.108 1.112 + 0.004 33.1 -
- 2 - - 1.111 1.111 + 0.004 33.0 -
- 5 - - 1.121 1.123 + 0.004 33.0 49.52 +1.08
- - 1 - 1.104 1.100 + 0.006 32.8 -
- - 2 - 1.104 1.101 + 0.005 32.6 -
- - 5 - 1.104 1.104 +0.004 32.8 49.25+1.01
- - - 1 1.108 1.113 + 0.006 33.7 -
- - - 2 1.112 1.117 + 0.005 33.7 -
- - - 5 1.124 1.129 + 0.006 338 49.28 + 0.97
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Table 3.2 : The target weightactual weight, melting point andcNa content of CE suppository formulations containing 50 mg DcNa and

bioadhesive polymers. Mean + SD.

Polymers (Yow/w) Target weight Actual weight (g) | Melting Point | DcNa content (ng)
CBP HPMC PVP CMCTS (9) (n=10) (°C) (n=3)

CE without DcNa - 1.101 +0.006 34.0 -
- - - - 1.114 1.125 + 0.006 34.4 47.97+0.49
1 - - - 1.120 1.128 + 0.009 34.3 -
2 - - - 1.122 1.126 + 0.011 34.6 -
5 - - - 1.133 1.143 + 0.006 34.2 48.17 £ 0.32
- 1 - - 1.118 1.118 + 0.005 34.7 -
- 2 - - 1.121 1.121 + 0.005 34.9 -
- 5 - - 1.132 1.137 + 0.009 34.7 49.07 £ 0.50
- - 1 - 1.114 1.119 + 0.009 34.8 -
- - 2 - 1.114 1.120 + 0.009 34.3 -
- - 5 - 1.114 1.123+0.011 34.4 49.39+1.14
- - - 1 1.119 1.120 + 0.006 33.6 -
- - - 2 1.121 1.128 + 0.007 33.8 -
- - - 5 1.137 1.143 +0.005 33.9 49.03 £0.24
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Table 3.3 : The target weightactual weight, melting point and DcNa content of SS suppository formulations
bioadhesive polymers. Mean + SD.

containing 50 mamtNa

Polymers (Yow/w) Target weight Actual weight (g) | Melting point | DcNa @ntent (mg)
CBP HPMC PVP CMCTS @ (n=10) (°C) (n=3)

SS without DcNa - 1.098 + 0.004 34.0 -
- - - - 1.116 1.124 + 0.006 34.3 48.55+ 1.81
1 - - - 1.120 1.126 + 0.005 34.8 -
2 - - - 1.124 1.131 + 0.004 34.8 -
5 - - - 1.136 1.142 + 0.007 34.6 47.53 £0.47
- 1 - - 1.120 1.125 + 0.008 34.4 -
- 2 - - 1.123 1.129 + 0.005 34.7 -
- 5 - - 1.134 1.136 + 0.010 34.8 48.33 £ 1.27
- - 1 - 1.116 1.113 +0.007 34.9 -
- - 2 - 1.116 1.120 + 0.004 34.9 -
- - 5 - 1.116 1.124 + 0.004 35.1 48.84 +0.48
- - - 1 1.120 1.130 + 0.005 34.7 -
- - - 2 1.124 1.129 + 0.011 34.6 -
- - - 5 1.137 1.141 + 0.005 34.5 48.68 +0.85
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3.44 Determination of DcNa content

This is especially important whesuppositories are manufactured manually, as the
manual process is highly variable. Quantification of DcNa content in selected samples
obtained from a large batch allows verification of the labelled contenwehss the
uniformity of DcNa content between individual suppositories produced in a particular
batch (Allen et al., 2008) Noordin and Chung2004) investigated both the content
uniformity between suppositories as well as within a suppository by comparing
between different sections of a single dosage féomaddress uniformity of a
suppository in the event of dose #plig. The active drug content of suppositories
have to be within the range of-900% of the stated amougRritish Pharmacopoeja
2015) Content uniformity is achieved whemt more than one suppository has drug
content out of the85-115 % range and none outside the limit of 72%% of the

average conter{British Pharmacopoei2015)

The results of content uniformity studies for CB, CE and SS suppositories were
summarized inrables 3.13.3 respectively. All the formulations contained more than
95 % of the stipulated DcNa conteand theSD valueswere+ 2 % of the average
DcNa content.This confirmed the accuracy @V determined inSection2.3.3.3
which allowed proper adjustments of the amount of base required to account for

different densities of additives added.

3.4.5 Viscosity
The bioadhesive polymers usedthis study such as CBP and HPM& known to
have thickening properties, thus are likely to alter the viscosities of the bases

determined inSection2.3.1.5 Viscosity was generally found to be highest in CB
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suppositories followed by CE and SSdures3.4a-c). This could be due to the longer
carbon chain of the paitit (C16) and stearic acid () in CB, compare to lauric acid

(C12) in CE andSS(Lonchampt and Hartel, 2004; Peyronel and Marangoni, 2014)

(@) 140 - *
120 - H Blank
Q |
£ 100 m DcNa only
2 80 4
(%]
3 60 - H1%
2]
S 40
20 - m2%
0
BE5%
CBP HPMC PVP CMCTS
b
(b) 140 -
120 m Blank
=
o 100
> 80 m DcNa only
(%)
g 60 m1l%
2]
< 40
20 m2%
0
m5%
CBP HPMC PVP CMCTS
c
© 140 +
120 - m Blank
a i
£ 100 * m DcNa only
2 80 - *
‘0 * *
S 60 - m1%
2]
S 40 -
20 m2%
0 - "5 %
CBP HPMC PVP CMCTS

Figure3.4 : The viscosity (cp) of suppositories made ugegCB;(b) CE; andc) SS
each suppository contained 50 mg DcNa arsl %w/w of bioadhesive polymel
(CBP, HPMC, PVP and CMCTS)Asterisks indicate formulations which ar

significantly different from blak suppositories.
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The addition of DcNa significantly increased viscosity of CB suppositories but
conversely, reduced the viscosity of CE and SS suppositories. Suppositories
containing DcNa and bioadhesive polymer was generally more viscous than their
corresponding DcNa only suppositories. CB suppositories incorporated with HPMC
(Figures 3.4) were most viscous while CE and SS suppositories incorporated with
CBP (igures 3.4kc) were most viscous compared soippositories withother
bioadhesive polymers. The same polymer affected the viscosity of the suppositories
differently. While PVP and CMCTS did not alter the viscosity of CE and SS
suppositories drastically, it resulted in a significant concentration dependent increase
in viscosity of supposories when formulated with CB (Figures &4). Generally, an
increase in viscosity was obserwgbenconcentration of polymer is increased from 1
to5%w/w.St ati stical comparison of the for mul

tabubted inAppendices 8L0.

More viscous suppositories may be beneficial to confine drug absorptiom with
lower rectum by limitingspread ofthe molten. However, excessively viscous
suppositories may also impede DcNa release from the base and tlgiseléase
studies are required to determine if this increase in viscosity is unfavourable for drug

releasgAzechi et al., 2000)

3.4.6 Hardness

Hardness measurements obtained from the tip of suppositories were omitted from
subsequent analysis as the results were less distinguishable between subsets (in
Tukeybds HSD anal ysis) c esuppasitaybartegurgsal ue s

3.5a-c). The values obtained depended on the crushed surface area at which the force
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exerts on and this is made difficult by the caaped pointed tip as the surface area

varies along the length of the tip.

a -
@ 140 m Blank
120 -
2 100 - m DcNa only
@ 80 -
_E 60 - 1%
T
40 1 m2%
20 -
0 - B5%
CBP HPMC PVP CMCTS
ORI *
120 - x T m Blank
Z 100~ m DcNa only
n 80 -
3
_§ 60 - 1%
T 40 -
T
0
20 - H2%
0 - 5%
CBP HPMC PVP CMCTS
(©) 140 -
120 - m Blank
Z 100
= m DcNa only
3 80
2
° 60 ml%
S
T 40
m2%
20
0 m5%
CBP HPMC PVP CMCTS

Figure3.5: The hardness of suppositorigoduced usinga) CB;(b) CE and(c) SS;
each suppository contained 50 mg DcNa arsl %w/w of bioadhesive polymel
(CBP, HPMC, PVP and CMCTS). Mean = SD, n#6terisks indicate formulations

which are significantly different from blank suppositories
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Figures 3.&-c showed that blank CE suppositori@2.33 + 5.20 Nwere significantly

harder than the CB and SS suppositori&s.q0 £ 2.97 N and 55.83 £ 1.60 N
respectively. Addition of DcNa increased the hardness of all three (CB, CE, SS)
suppositoriesSt at i st i c al comparison of the for mu

is tabulatedn Appendices 1113.

Suppositories incorporated with51%w/w of CMCTS forall three bases (CB, CE and

SS) were hardest compared to those containing other polyigysrgs 3.5-C).
Addition of CBP showed an irregular hardness trend in all three bases. The presence
of CBP signifiantly increased the hardness GB suppositories;however the
hardness of CE suppitories were not affected addition of 12 %w/w CBP while

SS suppositories were harder witk2 1%w/w of CBP but not in the presence of

5 %w/w CBP Figure 3.%®). On the other hand, formulations containifgyP were
generaly harder than those containing CBP and HPMC. HPMC suppositories were
the least hardRigures 3.&c). There was however, no observable trend between

increment in polymer content and hardness of suppositories produced.

Sirisaard et al.(2014)found that suppositories produced using Krabok wax resulted
in hardness of 6 N were too soft and easily broken, v#iign et al.(2008)suggested

that suppositories should have hardness e2A'N. Meanwhile gudies byEl-Majri

and Sharmg2010; Oribe et al.(1995; Shegokar ash Singh(2010) have reported a

wide range of suppository hardness ranging from 10 to 60 N. These large difference
of reported values were a result of differences in experimental methods as well as
variability in the ype of base and additives us@dthough the addition of bioadhesive

polymers have variable effects on the hardness of the bases, all the formufations
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this studyhad hardness values betwegh to 130 N, suggestive of good resistance

towards the hazds of manufacturing and packi(8irisaard et al., 2014)

3.4.7 Softening time

Figure 3.6showed that all the formulations tested had a saftetime between-3
minutes. Softening time of blank suppositories was found to be shortest in CB,
followed by SS and CE; the pokto ¢ = T HBRtgsbisdicated that these outcomes
were significantly different (Appendices 1416). However, for suppositories
containing 50mg DcNa, thesoftening point of CB suppositories were increased while

a decrease in softening time was observed for CE and SS suppositories.

In all the formulationgontainingpolymers,softening time for CB suppositories were
always faster than the corresponding formulations for CE and SS; both of which were
comparable (CB < SS = CE). Generally, there was an increase in softening time with
increasing polymer concentratic®E and SS sumsitories incorporated with 5 %w/w

HPMC showed the longest softening time among all the formulatisiad.

The longer softening time in suppositories made using CE ar{d-3#inutes)is an
indication that the HPKS suppositories were slightly bettewighstanding short
exposures to heat compared to GB-5 minutes) suppositories.The British
Pharmacopoeig 2015) has recommended that the softening time of lipophilic
suppositories should be less than 30 minutes while stugiéaricki et al(2001) and
Moghimipour et al(2009) produced suppositories with softening time which ranged

between 413 minutes and 116 minutes respectively. Despite being harder than
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formulations produced in similar studies (Section 4.3.6), alidhraulations produced

in this study had softening timéglow7 minutes.
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7 -
5 = Blank
E 7
g 5 - * ok Kk % * k Kk % * k Kk K * * Kk k chNaonIy
> 4 w1 %
0
% 3
g 2%
@
1 m5%
0
CBP HPMC PVP CMCTS
(b) - .
m Blank
= 6
E s m DcNa only
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Figure 3.6 : The softening time of suppository formulations produced u@h¢B;
(b) CE and(c) SS.Each suppository contained 50mg DcNa anr %w/w of
bioadhesive polymers (CBP, HPMC, PVP and CMCTS). Mean * SD Ast8rislks

indicate formulations which are significantly different from blank suppositories.

86



3.5 Conclusion
Suppositories containingioadhesive polymers (CBP, PVP, HPMC, CMCTS) were
suacessfully manufactured using CB abhdth the HPKS (CE and SS) as suppository

bases through the optimised manufacturmeghods fronSection2.3.3

Dosaye form analysis is essential for the evaluatioproduct quality. Suppositories
manufactured in this study have good weight uniformity and there was minimal
variation ¢ 1 %) between actual weight and the respective target weight. The melting
point of suppositories manufactured using CE and SS w&réCl highe than CB
suppositories but aflormulations had melting points within tliange 0f32.5°C to

35.5 °C. The addition of bioadhesive polyrs did not significantly altenelting point

(less thant 1 °C) of suppositories maintaining a melting point close to body
temperature which is suitable for rectal administratiah.the formulations tested

contained > 996 of the stipulated DcNa content.

In general, there was no consistent trend between hardness and increasing
conentrations of bioadhesive polymers in the suppositori®& E and SS) based

ontheposhoc Tukeyds HSD analysis (p < 0.05).
suppositories increased with increasing amount of bioadhesive poly@igies PVP,
HPMC, CMCTS incorporated into the formulation&oftening time on the other
hand,were longer insuppositories produced usitige HPKS CE and Sythan CB.
However,the softening times for all formulations wdretween B7 minutes which

was acceptable for rectaludy administration.
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Physical properties of the suppositories examined in this chapter were found to be
suitable for rectal administration. The longer softening time in HPKS suppositories
coupled with a melting point of 34.5 £ 1 °C is an added advantagpared to CB
suppositories. This offers more resistance to melting or damage during handling prior
to insertion into the rectum. Although the physical properties are well characterised in
this chapter, further studies are required to examine the impeaatiotis additives on

the drugrelease Chapter 4 and bioadhesive propertieSl{apter .
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CHAPTER 4

IN VITRO DRUG RELEASE AND

RELEASE KINETICS
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4.1 Introduction

41.1 Drug release studies

After suppository administration into threctum, the base has to first melt to allow
diffusion of drug from the base into rectal enwineent before absorption through

rectal mucosa into systemic circulatigallen et al., 2008) Previous studies have

found that data obtained from vitro drugrelease studies for suppositories were well
correlated to plasma concentration profi{@sache et al., 1987; Babar et al., 1999;
Chicco et al., 1999; Gjellan et al., 1994, Vidras et al., 19B23refore thesestudies

are useful for prediction of dosage form performance.

Various methods exidbr studyng in vitro drug rel@asefrom suppositories. Among

thosecommonly used are tHdSP paddle apparatugahmad, 2001; Mghimipour et

al., 2009; Young et al., 198 Hasket apparatysBa bar et al . , 1999;

1995; Gjellan et al., 1994; Swamy et al., 2Q1dlysis rotating cell metho@hoyagi

et al., 1988; Lootvoet et al., 1992; Oribe et al., 198&)ranishi method Er mi Kk and

Tarimci, 1995; Umeda et al., 1985nd flow through cell methodAiache et al.,

1987; Mollel, 2006; Tukker et al., 1981; Yahagi et al., 1999)

Apart from type of apparatuthe type, pH and vaime of dissolution medium used;

temperature of then vitro run as well asmethod of quantification of active drug has

to be carefully selected basedtba type of dosage form studied.
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4.1.2 Statistical comparison and mathematical modelling
The three main methods used to analyse data obtained from drug release studies are:
(1) exploratory data analysis; (2) modedependent and; (3) modéépendent

methods.

4.1.2.1 Exploratory data analysis
As the term suggés exploratory data analysis is used during initial interpretation of
raw data to provide basic understanding of how drug is released from a formulation.

This method compares drug release both graphically and numerically.

In graphical comparisorgumuldive drug release against time plots were visually
inspected for overlapping of error bars (extending two standard errors (SE) either side
of the mean) between the drug release profiles at each time point. Non overlapping of
error bars indicates that drugplease profiles at that particular time pogte

significantly different from each oth¢rO6 Har a et al ., 1998; Yuk

Exploratory dataanalysis can also be conductegimericallyby summarising data in
the form of 95 % confidence interval for the difference in the mean drug release
profiles at each time pointDifference at a particular time point is considered

significant whenthe p> 00 O6 Har a et al ., 1998)

4.1.2.2 Model-independent methods

This method involved computing of raw data into mathematical formulae to obtain

singlevalue measurements of differences between two multiple point drug release
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profiles. Thisis further differentiated into amodelistic dissolution parameters (ratio

test) and pairwise procedures Cost a and Sousa Loba, 2001;

Amodelistic parameters compare profiles using dissolution efficiency (DE) and mean
dissolution time (MO) (Costa and Sousa Lobo, 2001; Mollel, 2006; Vaghela et al.,

2011) both determined using the following equations:

. wQo
Equation4.1 00 — — — opTmnh
W Z 0 O
Where,
y = percentage of drug releasattime ¢
Y100 = maximumamount ofdrugavailable for release
Equation4.2 DO"Y d‘lg—
Where,
n = number of dissolution samples
[ = sample number
ou =  time at midpoint betweethandt;;
M; = fraction of dose released at time
0 = dose of formulation
Pairwi se procedures compare profiles in ter
(3). The o6fit factorsdddirf foesri emifrlaaadrtfied oyt a rné
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6si mil ar iyt bpth descdbedoby Bloore and Flanner uditgiation 43 and

Equation 4 (Anderson et al., 1998; Costa, 2001; Moore and Flanner, 1996)

2 0 B 0 sY Ys
Equatiord. . Wp T
] B 0V P
o 8

Equationrd4 Q v méE Qp : o Y Y WP T T
Where,

R = percentage of drug release for referesaaple

T = percentage of drug release for test sample

n = number of sampling points taken into account

W = optional weight factor Wich is usually kept at 1

T h e re@resents the average percentage difference between test formulgtaomd(T

reference formulaton(@®® acr oss al |l ti me palopftnstionanal y s
of differences between the compared profiles and can assume any value between 0
and 100. TheFood and Drug AdministrationFDA) has s et a standar
between@ o 1 5; bedweeah 5Gito 100 indicate similarity between two drug release
profiles (Anderson et al.,, 1998; Costa and Sousa Lobo, ;280distry of Health

Malaysia, 200Q)
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4.1.2.3 Modeli dependent methods

In the modeldependent approach, data obtained from drug release studies are fitted
into selected mathematical equations describing release kinetics. Various parameters
are generated tdetermine goodness of fit of data to the selected kinetic equation.
These parameters include release constant, linear coefficient of determirfiutéor (r

lag time which describes the rate of release as well as the proximity of data to the
release modekested. It was suggested that this approach requires a minimum of four
data points excluding time point O6zerob

isachieveq O6Hara et al ., 1998; Yuksel et al

4.1.2.3.1 First order kinetics

First order release kinetics describes drug release in a concentiggpiendent
manner, this was first described @ybaldi and Feldmanl@67)based on the Noyes
Whitney equation where drug release occurs at a constant proportion to the amount
remainng within the dosage forrfCosta and Sousa Lobo, 200This kinetic model

has been used to describe release of water soluble drugs from porous matrices, and
also lipophilic suppositoriegTarimci and Ermis, 1997)First order release is

explained by the following equatigBasak et al., 2008; Dash et al., 2Q10)

Equatiord.5 OB &0 L &
cC®mo
Where,
Ct = amount of drugemaining to be released at tirhe
Co = initial amount of drug in the dosage form (usually 100 %)
K1 = first order rate constant
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4.1.2.3.2 Higuchi release

The Higuchi model was initially developed to quantify mass transport of
homogenously dispersedudyparticles in a planar matrixto perfect sink conditions
based on fDolokmetzidis LamdwMacheras, 2006; Kalam et al., 2007;
Siepmann and Peppas, 201This model can be described by the simplified equation

(Costa and Sousa Lobo, 2001)

Equation4.6 0 v &7
Where,
Q = amount of emulative drug released at tirhe
Kn = Higuchi release constant

This equation assumes that drug release occurs in a thin, planar geometry, where drug
movement through the matrix (base) is a rate limiting step, provided that (1) amount
of drug in the dosage forms greatly exceeds drug solubility to achieve psteady

state and, (2) the base does not swell or dissolve during drug release so that distance
of the basanedium interface remains unalterésiepmann and Peppas, 201The

Higuchi equation is only valid for analysis of the first 60 % of drug release.

Previous studies on drug release from lipophilic suppositories have suggested that the
release were in agreement with Higuelguation(Nakajima et al., 1990; Takatori et

al., 2004) This equation could be useful to describe drug release from suppositories as
the suppositories melt and form a thin layer of molten base matrix cmgfai
suspended drug particles, similar to that observed in the oinskieninterface from

which the Higuchi equation stems from.
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4.1.2.3.3 Korsmeyeri Peppas model

This mathematical model was initially developed @orsmeyer et al., 19830

explain diffusioncontrolled drug release mechanisms from polymeric systems, and
subsequenstudies lead to characterisation of the type of diffusional release based on
the release exponent O0noad, taking i1 nto a
capacities of dosage forms. A number of lipophilic suppositories demonstrated release
patterns withgood fit to the KorsmeyeiBeppas moddiGuneri et al., 2004; Mollel,

2006; Uzunkaya aThdrel&serkiges kaa daiescrib2d®$, 3 )

" f s ey
Equation4.7 | IUTQ g 1oC I 1'®
Where,
M¢ Mp = fradion of drug released at time t
Km = release constant
n = release exponent
In suppositories (ncs we |l | abl e cyl indrical dosage for

0.45 for Fickian diffusion; 0.45 < n < 1.0 noRickian or anomalous diffusiom O1

for case2 transportZeroorder releagewere adopted.

4.1.2.3.4 Weibull model

The Weibull model has been used empirically to describe drug release from Euclidian
and fractal matrices; despite criticism of the lack of kinetic basis andlissalution
specific nature of its parametdiSosta et al., 20B). Use of Weibull function in drug

release stemmed from the concept where a concentration gradient is present at the
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releasing boundaries of dosage forms, which are either described as a Euclidian matrix
or fractal geometryKosmidis et al., 2003)The Weibull model is described by the

following equation;

Equation4.8 5 Y
a p Agb |
Where,
m = amount of drug released
U = scale parameter (rate constant)
b = shape parameter
Tiag = lag time

Description ofdrug releas@sing theweibull modelis through thescaleparamete(U)

andshape parameteb) which represents thepparentate of release ahshape of the

curve respectivelyWhenb = 1 , curvelc@responds exactly to a homogeneous model
similar to that of >Xindicaes a gmoidat curvekwitmamt i ¢ s ;
inflexion point;andb <1 i ndicates a steeper i nitial

(Cupera, 2009; Dash et al., 2010)

4.1.2.3.5 Bi-exponential first-order kinetic model

This model had been used to describe drug release from fenbufen suppositories made
using lipophilic, hydrophilic and ampiphilic bases as well as in sustained release
indomethacin tablets and capsulgsakso et al., 1984; Young et al., 198The

equatia defining biexponential firstorder kinetics is as the following;
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Equation4.9 O 0Q 0Q

Where,
w = drug remaining to be released at time t
k1 = release rate constant for initial phase
ko = release rate constdiatr terminal phase
A = amount of drug released in initial phase
B = amount of drug released in terminal phase

The plot of remaininglrug against time would generate a biphasic curve. Parameters
generated from linear regression would yield release constantnd k, which
reflects rate of release at each phase their respective coefficient of determination
(r*) which indicates closengsof fit to the equation while the-axis intercept
corresponds to lag time. A good fit to the equation is representécappnoximating

to 1 and small, reasonable lag tinfeaakso et al., 1984)

4.1.3 Selection of the best fit model

To determine the best fit model, previous studies employed -coefficient o
determination @) or adjusted coefficient of determinatiofi &djusted)Ladani et al.,

2011) sum of squares residues (S$R)akkar et al., 2009)mean square error (MSE),
Akaike Information Criteon (AIC) (Ozkan et al., 2000and more recdtly the ratio

of SSR/f (Costa and Sousa Lobo, 2001; Singh et al., 20Thp ¢ measures
proportion of variation between observed data and the mean generated through linear
regression model. The greater approximation’abrl, the closer the fit of data to a

particular mode(Ladani et al., 2011)The AIC, on the other hand, shows the quality
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of fit by comparingmodels using the same weighting scheriee model which
produces the smallest AIC value is regarded to provide the best fit out of a set of

models teste{Costa, 2001)

Within the context of this research projeaatyitro drug release studies of DcNa from

the HPKS bases (CE and S&re essential as the suppository bases used were non
conventional. There were no reported data on drug release characteristics from these
bases and how they fared compared to CB. Furthermore, the inclusion of a
bioadhesive component in the form of polymesald alter drug release profiles. Thus,

this chapter aims to quantiyjcNa release from thi@rmulation prototypes developed

in Chapter 3using suitable dissolutio study methods, followed bgomparison of
DcNarelease kinetics from tHermulationsusing exploratory data analysis methods,
model independent methods and mathematical modibls chaptewill also assess

the effects obioadhesive polymer&CBP, HPMC,PVP and CMCTS) on drug release

kinetics.

4.2 Materials and methods

4.2.1 Dissolution setup and evaluation of formulations

4.2.1.1 Experimental setup

Thein vitro release of DcNa froreuppositories was studied using thee®sel Distek
dissolution system 2100c (Distéhc., New Jersey, USA) fitted with thermocirculator
TCS 0200 (Distek Inc., New Jersey,SH). The system is connected to Distek

Evolution 4300 syringe pump dissolution sampler (Distek Inc., New Jersey, USA).
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Suppositories were enclosed in helixaped sinkers made using stestes with
dimensionsléngth 2.8 cnx diameter 1.0 cminterloop distance of 0.5 cnd ensure
retention of suppositoris at the bottom of the vessel. Dissolution of a blank
suppositorymade with only the &se (CB, CE and SS) was useggerimental blank.
The parameters employed duridggsolution studiesvere summarized imable 4.1
Samples were then analysed using a single ceiMi$ible spectrophotometer (Libra,

S12) at a wavelggth of 276 nm as determined in Chapter 2.

Table4.1: Summary of parameters used ifowvitro drug release studies.

Experimental Parameters Settings

Dissolutiontester USP Apparatus i Paddle

Dissolutionmedia Distilled water

Volume ofmedia 900 mL

Temperature 37.0+x05°C

Paddlerotationspeed 50.0 £ 0.2 rpm

Filter pore size 0.45¢ m

Replicates 6 suppositories per experiment

Samplingtime (min) 2, 6, 10, 15, 30, 45, 60, 90, 120, 180, 240, 300, :
Sampling volume (mL) 5 mL, reconstituted

4.2.1.2 Evaluation of formulations

4.2.1.2.1 The effects of drug loading on DcNa release

The effects of drug loading on DcNa release was evaluated using suppositories made
from all three bases (CB, CE, SS) containing 25, 50 @dmg DcNa using
procedures mentioned in Sectioh2.1.1 Data obtained was analysed using

exploratory data analysis method.
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4.2.1.2.2 The effects of bioadhesive polymers on DcNa release

DcNa release from the formulations containing bioadhesive polymers (CBP, HPMC
PVP, CMCTS) at concentrations of51%w/w were studied using methods described
in Section4.2.1.1 A suppository containing the corresponding amount of bioadhesive
polymers without DcNa was used as experimental bl@wknparisons were carried

out via moel-independent methods and model dependent methods.

4.2.2 Statistical and mathematical analysis of data

4.2.2.1 Exploratory data analysis

Graphical comparison wasnployed taanalyseDcNa release fromuppositories (CB,

CE and SSincorporated witl25, 50 and 75 mg ddcNa. Percentage cumulative drug

release was plotted against time wattor bars indicative of two SE at both sides of

the error bar (95 % confidence interval) at each time oino | | e | , 2006 ; O

al., 1998) The graph is then visually inspected for overlapping of error bars.

4.2.2.2 Model-independent method

The fitf a c t panda,) (veie used to identify dissimilar drug release profiles by
comparing the {formulations containing bioadhesive polymers (CBP, HPMC, PVP,
CMCTS) and their corresponding uppositories containing only base and DcNa).
Meanwhile, other modehdependenparameters such &E and MDT were used to

describe the rate and extent of DcNa release from hahdRT; suppositories.

4.2.2.3 Model dependent method
Drug release data from all formul ati ons

KorsmeyeiPe pp a s model , Wei bul | 6 s-orderqneleasei o n a
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equationsusing KinetDS software version 3.0 (Aleksander MendyKrakéw,
Poland). Goodnes of fit for the various models were investigated and compared in

terms ofr?> and AIC values.

4.3 Results anddiscussion

43.1 Method development

While the United States Pharmacopeia and National Formulary, (28@@turopean
Pharmacopoeia,2010) specified the use of paddtiissolution apparatus and flow
through cell apparatus respectively to study drug release from suppositories; various
alternatives have been attempt@jellan and Graffner, 1994; Nair and Bhargava,
1999; Palmieri, 1981; Webster et al., 1998 Imieri(1981)however, reportedrratic

and irreproducible results ing the basket apparatus due to cloggindpagket mesh

by melted basgwhile Gjellan and Gaffner (1994) found trat the flow through cell
resulted in more rapid drug release with a larger variance in data compared to basket

and paddle apparatus.

The rectal environment is simulated by the receptor medium dumingtro drug

release studiesAlthough it should mimic physiological environment closely, it is
impractical to carry out drug release studies under stringent rectal physiological
parameters especially when onh32nL of mucuss present in the rectum. The use of

223 mL receptor media wil!/l not be able to
which should be at least 3 times the solubility of the drug té¢8emvn et al., 2011;

Lee et al., 2008; Vaghela et al., 2011)
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Meanwhilethe rectal pH also affects ionisation of drug and its partitioning out of the
base which could alter drug release. pH of the rectum varies with age and has been
reported to be within the range of 6.B945 in neonates; 6.68.12 in infants older

than 28 dgs while rectal pH in children aged between 1 to 14 years ranged between
7.2-12.1 (Jantzen et al1989; Turner et al., 2012Adult rectal pH on the other hand

is approximately 7.2, but varies according to colonic cor{iéasai, 2007,)Since the
rectum is void of buffeng capacity;use of a bfiered medium would not reflect
actual drug release conditions it the retum, especially wheaqueous solubility

of DcNa is pH dependafChuasuwan et al., 20Q9)

After careful considerations of the factors mentioned above, this research employed
the USP Il paddle dissolution apparatus with the use of sinkers due to catsider
that lipophilic bases and bioadhesive polymers used are likely to clog the basket
apparatus mesh. Distilled water maintained at 37.0 + 0.5 °C was selected as the
receptor medium fodrug release studies to refldeick of buffering capacity and

temperature within the recturfhllen et al., 2008; Bottger et al., 1989; Grayson, 1951)

4.3.2 Exploratory data analysis

4.3.2.1 The effects of drug loading on DcNa release

Drug release profiles of suppositories incorporated with 25, 50 and 75 mg of DcNa
were superimposable upon visual inspectionalbthe three bases (CB, CE and SS)
investigated Figures 4.1a-c). However, the exploratory analysis method produced
inconclusive resultasthere was overlapping of error bars at certain time points (no

significant difference) while otheweresignificantly different
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Figure 4.1 : Cumulative percentageelease of DcNa i{a) CB; (b) CE; (c) SS

suppositories containing 25, 50 arlsilmg of DcNa. Mean + 2 SE, 6=
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Further ANOVA analysisfollowed by post hoc Tukéy testshowed thatextent of
DcNa release fronbaseswas not affected by initial amount of DcNa incorporated
Figure 4.1a showed that althoughbB suppositories with 25 mg DcNa had
significantly lower initial rate of releasom 10 to 60 minutesompared to those with
50 and 75 mg DcNdp< 0.05) the extent of DcNa release was indifferant1&®

minutes (p=0.155)

CE and SS suppositories containing 25 mg DcNa on the other hand, had sitipifica
lower release between 6 to 15 minutes (p&5) and 15 to 60 minutes (ff<05)
respectively compared to tlerrespondingormulations containing 50 and 75 mg of
DcNa (Figures 4.Hg). The extent of DcNa released at 180 minutes was not
significantly different between the three CE formulations (p877) and the tiee SS
formulations (p=0.06).This indicated that while drug load did not affect the extent of
DcNa release; the initial rate of release was increased wherladwigg is doubled
from 25 mgto 50 mg but this effect was not significant when drug loading was

further increased to 75 mg.

This was further supported biyet plot of actual DcNa released (Appendix 17) as each
time point interval showed that there was rapid release of DcNa dinenfirst 45
minutes for all the suppositories. The actual amount released at each time interval
increased with increasing amount of DcNa incorporated (p< 0.05). This suggested that
initial release of DcNa did not occur at a fixed rate (zero order). Thealoas
increase in actual amount of DcNa released at time point interval of 30 minutes could
be a result of change in surface area for DcNa release due to melting and molten

accumulation at the dissolution medim interface in the dissolution vessel. fhar
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investigation on kinetics of DcNa release was conducted usatgematicamodels

(Section 4.3.4).

ComparingDcNa releasefrom suppositoriesontaining 50 mg DcNé#Figure 4.2,
release profiles between CB and SS were not significantly differetat 240 minutes
while the profiles for CE were significantly differeffom CB and SS up to 120
minutes (p<0.05).The release plateaued after 120 minutes in both CB and SS while it

was only achieved after 180 minutes in CE suppositories.

CB
—a—CE

—a—SS

Cumulative DcNa Release (%)

0 - T T T 1
0 60 120 180 240

Time (min)

Figure4.2 : DcNa releaserofiles from suppositories made with different bases, ¢

containing 50 mg of ENa. Mean + 2 SE, r6=

CB, CE and SS suppositories containing 50 mg Deeasednore than 50 % DcNa
within the first 10 minutes, and more than 80 % within the first 60 minutes of
dissolution. Although there were no pharmacopoeia requirements for qualification as
fastacting suppositories, thBnited States Pharacopeia and National Formulary

(2008)requiredfastacting tablets to achieve at least 75 % of drug release within the
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first 60 minutes of dissolutiorCB, CE and SS suppositories were found to provide

fast release of DcNa upon dissolution.

The ANOVA analysis with post hoc Tuk@ytest used in this section was used to
providedescriptiondor the observations via explooay method of data interpretation.
However, this method was found to be tedious and generated large quantities of data
based on pointo-point comparisondetween two profiles. The method did not
considerdrug release process asvhole but provided only comparison at a specific
time point which limits its practicality when more than two time points or release

profiles are being compared.

4.3.3 Model- independent method

Due to difficulties in simultaneous interpretation of multipleigl release profiles
using methods in Sectiod.3.2 fit factors ¢ and f;) were used to compare
dissimilarities between dissolution profilesthe course of this study. Subsequently,
DE and MDTwere calculated for evaluation of the extent and rate dfeDelease of
each formulation. The corresponding drug release profiles were attached in

Appendices &-21 for reference.

4.3.3.1 Effects of bioadhesive polymer®n DcNa release

4.3.3.1.1 Fitfactors(&zand) a
This method had been endorsed by WeilA and Malaysian Ministry of Health for
modelindependent comparison of drug release proti@sistry of Health, 2000UJS

Department of Health and Human Services & CDER, 1997)
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Comparisons using fit factor3dble 4.2 were made between the Which contains
only 50 mg DcNa, against; Which are incorporated with-8 %w/w bioadhesive
polymer. Table 4.2 showed thadrug release profiles between &% suppositories
and CESS suppositories appear masinilar than CBCE. The additionof CBP
increasingly altereddrug release profiles with increasing polymer concentrations,
resul t4» n35 w50 &r sdppositories made with all three bases.

Generally, incorporation of-% %w/w HPMC, PVP and CHITS to CE and SS did
not alter drug release profiles compared to their respectiva BB suppositories, the
addition of 12 %w/w HPMC, PVP and CMCTS did not alter dissolution profiles; but
when concentration of polymer was increased to 5 %w/w, DcNaselfor all three

formulations were significantly different fromR & 15 ,<a50)d a

Although fit factors were effective in describing the similarities and dissimilarities
between profiles, it was unable to reflect the reason of dissimilarities in terms of rate
and extent (maximum amount) of drug release or kinetics of drug releaseeirterd
understand DcNa release from these suppositories, it is thus essential to ad3Ess the
(Section 4.3.3.2) and MDT (Section 4.3.3.B) for evaluation of the extent and rate

of DcNa release from each formulation.
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Table 4.2 : Statistical comparison of formulations containing DcNa only) @d
formulations with DcNa and bioadhesive polymers).(Dissolution profiles are
considered simlbanrd whEnd 0®. <Tlie ;dnddg hl i g h't

values indicate similar dissolution profiles betwegail T.

Formulation
Rt Tt Parameters
Base Polymer amount (Y%ow/w)
CBP HPMC PVP CMCTS ay a

CB CE 0 0 0 0 17.389 47.450
CB SS 0 0 0 0 3.729 78.410
CE SS 0 0 0 0 14.652 52.490
CB CB 1 - - - 36.418 29.433
CB CB 2 - - - 49.455 23.911
CB CB 5 - - - 88.266 1.867
CB CB - 1 - - 9.861 55.968
CB CB - 2 - - 7.395 61.663
CB CB - 5 - - 28.995 34.874
CB CB - - 1 - 14.161 48.072
CB CB - - 2 - 19.774 41.019
CB CB - - 5 - 25.740 35.515
CB CB - - - 1 10.914 55.759
CB CB - - - 2 9.693 57.316
CB CB - - - 5 22.288 38.843
CE CE 1 - - - 32.530 35.763
CE CE 2 - - - 66.797 21.675
CE CE 5 - - - 83.739 16.724
CE CE - 1 - - 12.553 55.443
CE CE - 2 - - 8.311 64.993
CE CE - 5 - - 7.086 65.839
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ATaBl 2 Continuedéo
Formulation
R¢ T: Parameters
Polymer amount (% w/w)
Base
CBP HPMC PVP CMCTS ay a

CE CE - - 1 - 4.438 75.840
CE CE - - 2 - 4.318 74.878
CE CE - - 5 - 3.883 80.308
CE CE - - - 1 5.691 71.193
CE CE - - - 2 13.039 54.323
CE CE - - - 5 2.362 83.401
SS SS 1 - - - 38.049 29.091
SS SS 2 - - - 71.912 15.819
SS SS 5 - - - 89.125 11.003
SS SS - 1 - - 3.873 76.739
SS SS - 2 - - 3.269 79.135
SS SS - 5 - - 5.233 70.184
SS SS - - 1 - 5.967 67.582
SS SS - - 2 - 5.956 66.663
SS SS - - 5 - 6.636 65.966
SS SS - - - 1 10.454 57.512
SS SS - - - 2 6.524 68.781
SS SS - - - 5 3.937 78.985
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4.3.3.1.2 Dissolution efficiency (DE)

The DE Figure 4.3 provided an insight on the amount of DcNa released over a time
period, reflecting the extent of drug release from the formulations examined. Among
DcNa only formulations, CE showed a significantly lower DE compared to both CB
and SS; this correlated web the observations fromigure 4.2where DcNa release
rates were lowerinCESt at i sti cal comparison of the

analysis is tabulated Mppendices 2-24.

In general, the addition of CBP reduced extent of DcNa release incerdoation
dependent manner in all three bas€gyyres 4.@ic). The DE of suppositories
containing 5 %w/w CBP was decreased by 60 % in CB and 80 % in both CE and SS

suppositories.

On the other hand, addition of 5 %w/w PVP resulted in a slight bufisemiy lower

DE in CB, CE and SS suppositories. While the incorporation®fdw/w HPMC did

not significantly alter the DE of CB suppositories; it resulted in a slight decrease in
DE for both CE and SS suppositories. CB suppositories incorporated -&igbwi/w
CMCTS had a significantly lower DE while CE suppositories containidg%aw/w
CMCTS resulted in a higher DE. The DE of CB suppositories containbgolw/w
HPMC and SS suppositories containingg ow/w CMCTS remained unchanged
compared to DcNa oylsuppositories. There were however, no consistent trends on

the effects of HPMC, PVP and CMCTS on DE of all formulations.
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Figure 4.3 : The DE of suppository formulations containing 50 mg DcNa anc
5%wi/w bioadhesive polymers (CBP, HPMC, PVP, CMCTSpInCB;(b) CE; and
(c) SS. Asterisk indicate formulations which are significantly different frc

formulations without polymer (DcNa onlyylean+ SD, n=6.

4.3.3.1.3 Meandissolutiontime (MDT)
MDT reflects amount of time requirddr completion of drug releas&he longer the

MDT, the slower the rate of DcNa release from suppositdfigsires 4.4-c showed
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the comparison of MDT generated for each

95 % confidence intervas tabulated irAppendices 3-27.
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Figure4.4 : The MDT of suppository formulations containing 50 mg DcNa «
1-5 %w/w bioadhesive polymers (CBP, HPMC, PVP, CMCTS) made fi@n
CB; (b) CE; and(c) SS. Asteriskindicate formulations which are significant

different from formulations without polymer (DcNealy). Mean + SD, n#$.
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Figures 4.4a& showed that formulations containing51%w/w CBP had significantly
longer MDT compared to DcNa only formulations. This increase in MDT caused by
incorporation of CBP was concentration dependent and was consistent in all three
bases. The higher the CBP cartteghe slower the rate of DcNa release (reflected by
longer MDT, Figures 4.4a) accompanied by a lowering in the maximum percentage
of DcNa released at the end of 6 hours (reflected by DE, Figurescy.3dis
observation was similar to the report of pawed ramosetron release from
suppositories containing -0 %w/w of Carbopol 934P, where the authors
hypothesised the formation of a viscous CBP gel that suppressed drug (ébdzes

et al., 2000)

Decrease in DcNa release with increasing CBP content could also be due to reduction
in DcNa solubility as a result of decreased receptedium pH brought about by
dispersion of CBP. CBP is acidic and produces a solution with pH3.5.7at

0.5 %w/v (Lubrizol Advanced Materials, 2009Kincl et al. (2004) reported that

solubility of DcNa at pH 5.8 can be reduced by up to 86 folds compared to adpH 8

In general, the addition of HPM®VP and CMCTS at 1 %w did not significantly
alter MDT of formulations in comparison to DcNa only formulations, while 2
5 %w/w of polymers resulted in small but significant changes in MEIgufes 4.4

c). There was however, no clear trend of concentratependent alteratioof MDT

by HPMC, PVP and CMCTS formulations.
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4.3.4 Mathematical modelling

Although fit factors were effective in showing dissimilarities between profiles while
DE and MDT allowed direct comparison of the rate and extent of DcNa release
between profiles; release kinetics can only be explained by substituting drug release

data into mathematical equations.

Rel ease parameters for the selected mat
KorsmeyerPeppas and Wei bul | 0 ®remaricahfétingsoteacb al mo
formulation were tabulated ifables 4.24.5 Hi guchi 6s equat-i on an
Peppas model were fitted with up to 60 % of the drug dissolution data in conjunction

with the assumption that these two models are valid for déscripf cumulative drug

release of 60 %Korsmeyer et al., 1983)Meanwvhile, both the first order and

Wei bull 6s model were fitted with data up

dissolution).
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Table4.3: The goaness of fit parameteobtained from equation fitting of drug release data from all CB formulations.

Amount of Polymer (Yow/w) First order Higuchi Korsmeyer- Peppas Weibull model

CBP | HPMC | PVP | CMCTS r? AlC r? AlC r? AlC r? AlC
0 0 0 0 0.241 | 118.946 0.797 28.18 0.953 26.289 0.924 43.695
1 0 0 0 0.272 84.845 -1.739 100.043 0.647 79.800 0.988 50.021
2 0 0 0 0.309 | 126.062 | -0.8502 | 105.469 0.70 83.61 0.938 81.581
5 0 0 0 0.3 150.781 0.728 109.206 0.892 119.661 0.872 109000
0 1 0 0 0.49 71.925 0.876 33.536 0.943 35.357 0.80 22.522
0 2 0 0 0.532 74.000 0.779 35.813 0.956 34.117 0.862 10.463
0 5 0 0 0.621 72.642 0.842 32.951 0.985 26.452 0.72 24.267
0 0 1 0 0.51 71.557 0.875 33.067 0.946 34.616 0.80 22.428
0 0 2 0 0.611 68.686 0.908 28.7D 0.952 30.523 0.841 34.969
0 0 5 0 0.558 73.484 0.799 34.80 0.967 31.623 0.851 12.567
0 0 0 1 0.393 82.50 0.674 29.759 0.977 24.096 0.927 41.995
0 0 0 2 0.418 82.956 0.745 28.414 0.978 22.881 0.901 33.132
0 0 0 5 0.523 76.70 0.681 38.436 0.980 35.066 0.923 48.734
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Table4.4 : The goodness of fit paramet@tstained from equation fitting of drug release data from all CE formulations.

Amount of Polymer (Y%ow/w) First order Higuchi Korsmeyer- Peppas Weibull model
CBP | HPMC | PVP | CMCTS r’ AlC r? AlC r? AlC r? AlC
0 0 0 0 0.306 | 118.806 0.765 27.229 0.966 23.620 0.946 54.683
1 0 0 0 0.212 | 144.910 -0.886 108.831 0.675 94.124 0.983 91.430
2 0 0 0 0.226 | 137.598 -1.003 151.483 0.692 133.769 0.937 104.763
5 0 0 0 0.319 | 142.782 0.827 112.236 0.824 134.667 0.859 111.005
0 1 0 0 0.438 76.189 0.522 39.593 0.915 40.066 0.948 39.330
0 2 0 0 0.411 74.169 0.731 37.803 0.903 40.125 0.947 34.930
0 5 0 0 0.494 | 72.340 0.775 35.636 0.943 35.743 0.908 33.777
0 0 1 0 0.476 80.340 0.883 32.101 0.950 33.517 0.890 35.355
0 0 2 0 0.369 83.874 0.731 37.803 0.957 40.125 0.950 42.744
0 0 5 0 0.382 82.377 0.757 36.793 0.903 39.416 0.953 41.415
0 0 0 1 0.377 84.159 0.687 38.283 0.957 40.693 0.954 37.455
0 0 0 2 0.430 74.676 0.590 30.996 0.970 26.301 0.899 35.078
0 0 0 5 0.417 81.403 0.777 35.864 0.910 38.400 0.935 39.156
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Table4.5: The goodness of fit parameteaistained from equation fitting of drug release data from all SS formulations.

Amount of Polymer (%ow/w) First order Higuchi Korsmeyer- Peppas Weibull model

CBP | HPMC | PVP | CMCTS r? AIC r? AIC r’ AlC r’ AIC
0 0 0 0 0.229 | 119.01 0.729 29.433 0.952 27.754 | 0.938 61.568
1 0 0 0 0.213 | 143.137 | -6.839 | 183.66 0.643 | 133.642 | 0.986 87.630
2 0 0 0 0.183 | 132.781 | -1.748 | 150.488 | 0.616 | 131.717 | 0.932 110.567
5 0 0 0 0.291 | 125585 | 0.554 | 110.627 | 0.798 | 117.730 | 0.926 91.910
0 1 0 0 0.439 | 67.757 0.834 26.59 0.934 26.488 0.922 36.212
0 2 0 0 0.401 | 68.72 0.786 28.116 0.926 27.885 0.948 35.007
0 5 0 0 0.459 | 69.178 0.810 26.985 0.958 24.801 0.919 29.679
0 0 1 0 0.421 | 75.566 0.857 25.833 0.923 26.627 0.895 47.908
0 0 2 0 0.408 | 75.584 | 0.851 25.974 | 0.916 26.955 0.925 41.593
0 0 5 0 0.409 | 75.025 | 0.868 25.225 0.924 26.167 0.945 33.686
0 0 0 1 0.345 | 71.832 0.763 29.905 0.966 26.243 0.953 44.333
0 0 0 2 0.377 | 70.348 0.815 28.102 0.962 25.600 0.952 38.441
0 0 0 5 0.374 | 70.717 0.771 28.900 0.949 27.092 0.962 33.666
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The formulations containing only DcNao bioadhesive polymers) displayed the best
6goodness of f i-Redpastmodelf>h0®5, Supporsednieyythe rAIC
values.The order of increasing possibilities of ta the kinetic equationbased on
AIC values were first order (lowest), Weidlss model, Higucls equation,

KorsmeyerPeppas (highest).

The nvalues obtained through fitting of data into the Korsmd3gppas equation
(Table 4.6) were within the range of 0i4500, which was indicative of neffickian

diffusion of DcNa from the sygsitories.

In general, the incorporation of HPMC, PVP and CMCTS did not affect the release
mechanism of DcNa from the suppositories. The DcNa release was predominantly via
nonFickian diffusional methods as the Korsmepappas release exponent (n),
ranged between 0.580.980 (Table 4.6). DcNa release from the suppositories were
therefore diffusion and erosiarontrolled. These polymers (HPMC, PVP and
CMCTS) dissolve upon contact with dissolution media to form gaps which facilitates
erosion of the suppaery matrix while DcNa simultaneously diffuse out of the DeNa

drug matrix.
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Table4.6 : The release constaridj and release exponem) ©f formulations fitted to

Korsmeyer Peppas model.

Formulation Korsmeyer i Peppas

Base| Amount of Polymer (Yow/w) parameters

CB | HPMC PVP CMCTS Km n
0 0 0 7.945 0.878
1 0 0 7.772 0.756
2 0 0 4.382 0.896
5 0 0 5.157 0.795
0 1 0 7.285 0.759
0 2 0 8.096 0.584
0 5 0 6.569 0.662
0 0 1 4.489 0.949
0 0 2 5.649 0.953
0 0 5 3.228 0.990

CE 0 0 0 5.539 0.931
1 0 0 7.109 0.802
2 0 0 7.704 0.642
5 0 0 4.366 0.898
0 1 0 7.08 0.747
0 2 0 4.3 0.957
0 5 0 4.7 0.915
0 0 1 3.589 0.913
0 0 2 3.460 0.916
0 0 5 4.992 0.882

SS 0 0 0 6.221 0.972
1 0 0 9.442 0.792
2 0 0 8.287 0.860
S 0 0 7.390 0.862
0 1 0 7.668 0.895
0 2 0 8.073 0.878
0 5 0 8.179 0.862
0 0 1 7.644 0.934
0 0 2 8.714 0.856
0 0 5 7.405 0.914
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Meanwhile, addition of -b %w/w CBP resulted in a change BicNa release
mechanism in CB, CE and SS where poor fit of the data to Korsni@&ggsas model

(r* < 0.9) was observedrébles 4.34.5). Instead, these data was better fitted to the
We i bul | 6Tablem.d dhich degcribes release of matlike drugs (figher R?

and smaller AIC). This could be due to the higher viscosity of molten suppository
mixture (in the presercof DcNa and CBP) coupled witfelling properties of CBP
upon contact with water which subsequently lead to trapping of DcNa within a base

DcNa matrix.

Based on t he Table o7dsHowed that atoecdandtentration of CBP
increased, the scale factd)) (vhich corresponded to apparent rate constanteased.
This was in good agreement with the findingsSections4.3.3.12 and 4.3.3.1 that

showed prolonged MDT and lowered DE as the concentration of CBP increased.

On the other hand, the shagpependence factob (were within the range of 0.8.7

(<1), which describeéthe shape of drug release curves as having a stegpersiope

than exponential release curves. Bhealue of the formulations containing51%wv

CBP in this study reflected drug release
0.75), as quoted bRapadopoulou et al. (2006)s the suppository melts and CBP

starts to gel in contact with dissolution medium, it traps DcNa witiennbatrix. As

gelling continuesthe gel layer forms a barrier which impedes DcNa release, similar to

that observed in drug release for devices with fractal georfiedismidis et al., 2003)

DcNa release from the dosage form is therefore expected to be proportionate to the

fraction of particles that are sufficiently close to the barrier surface to diffuse feom th
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dosage form, down its concentration gradigfasmidis et al., 2003; Papadopoulou et

al., 2006)

Table4.7 : The release parameters of formulations containing CBP fitted with Weibull

equation.
Formulation Weibull model parameters
CBP U b
Base
(Yowiw) (time dependence factor)| (shape dependence factor)

1 15.216 0.297
CB 2 10.702 0.334
5 0.417 0.754
1 10.321 0.370
CE 2 3.779 0.404
5 0.795 0.620
1 16.605 0.239
SS 2 3.636 0.391
5 0.916 0.534

Despite a generally better fit of formulations containing CBP to the Weibull model
(smaller AIC), the goodness of fin terms (r’) of the formulations at higher
concentrations of CBP were still95 (Tables 4.34.5). Thus, further investigation
using a biphasic release model {bkponential firstorder kinetic model) was
attempted. Parameters obtained from fitting ibieexponential firstorder kinetic

equatiorwere described imable 4.8
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Table4.8 : Therelease parameters of formulations containirgy %w/w CBP fitted
with bi-exponential firsorder kinetic equationAll the r? values for initial and

terminal phases were > 0.95 when goodness of fit of the data was reviewed by linear

regression.
Formulation Bi-exponential first-order kinetics parameters
CBP Ky ko Lag time

Base A B
(Yowiw) (min™) (min™h) (min)
1 49.422 0.282 54.495 0.002 0.290
CB 2 42.423 0.200 61.271 0.001 0.451
5 28.968 0.026 74.344 0.001 4,185
1 52.305 0.217 56.821 0.002 0.870
CE 2 27.975 0.102 75.384 0.001 1.205
5 21.313 0.057 82.914 0.001 3.701
1 49.979 0.247 58.096 0.004 0.699
SS 2 28.011 0.108 74.911 0.001 1.000
5 11.642 0.062 89.407 0.001 1.427

The CBP formulations showed good linearitydareasonable lag times withi-
exponential firstorder kinetic equatianThe results suggested that DcNa was released
from suppositries via a rapid initial phasg;) followed by a slow terminal phase
drug releasekp). The addition of CBP increased lag times and decreksed a

concentration dependent manner.

The biexponential firstorder kinetic fitting was inially modelled to characterise

rapid intravenous injections. Over time, it has been used to describe the release of
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drugs from solid dosage forms such as tablets apsutes(Laakso et al., 1984)n
tablets, the rapiditial release was described as a result of increasing surface area for
dissolution following tablet disintegration while the slower phase describes diffusion

of drug from the dosage form.

This concept can be adapted to explain DcNa release form CBBssiopes. During
dissolution, the suppository undergoes initial melting followed by formation of fatty
globules (containing molten base, DcNa and CBP). At this stage, DcNa release is via
both diffusion from the molten base as well as erosion or deformatithe dosage

form during the melting processqg). But as CBP comes in contact with the
dissolution medium, it starts to gel and eventually form a barrier between the matrix
(base with DcNa) and dissolution medium, whereby DcNa can now only be released
via a slow diffusion process across the barrig). ( Wei bul | 6s equati
information on possible mechanism of DcNa release from CBP suppositgries

the biexponential firstorder equation described the release rate and kinetics during
the biphasic release process; thus both models were used concomitantly to describe

the release of DcNa from CBP suppositories.

4.4 Conclusion
The HPKS basewere comparable to CB in terms of drug release capacity and could

be good lipophilic base candidates for fasting DcNa suppository formulations.

Although convenient, the exploratory data analysis methods were unable to compare
between large number of druelease profiles and offered no explanations to drug

release mechanisms. The fit factors allowed quick detection of dissimilar profiles yet
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does not identify cause of the differences between profiles. DE and MDT were useful
for comparing differences beégn rate and extent of drug release but only
mathematical modelling enabled the prediction of DcNa release mechanism. However,
none of these methods were sufficient as a standalone analysis and thus, they should

be used concomitantly to provide a complatture of drug release profiles.

Generally, the model independent methods (fit factors, DE, MDT) provided strong
indication that DcNa release from formulations containing§ %w/w CBP was
markedly different (statistically significant at 95 % confidenctenval) from their
respective reference formulations (DcNa only suppositories). Although the fit factors
found that 5 %w/w PVP, HPMC and CMCTS made in CB were significantly different
from reference formulations (containing only DcNa), this difference mamly

reflected in terms of DE rather than due to a change in mechanism of drug release.

Mathematical modelling ofdata found that suppositories containing only DcNa
released the drug via ngnckian diffusion kinetics. Addition of-5 %w/w HPMC,

PVP and CMCTS to the formulations did not alter mechanism of DcNa release. They
are therefore suitable candidates of bioadhesive polymers for development of DcNa

suppositories.

However, the addition of CBP lead to considégathange in morphology aholten
suppository during dissolutiomia gelling, which resulted iiphasic DcNa release
process involving a rapid initial diffusion and erosion process followed by slow
diffusion process across the CBP gel layer. Furthermore, as CBP gels in the

dissolution medim, it decreasethe environment pH which leadsdecreased DcNa
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solubility, thus further retaling the release of DcNa fromsuppositories. The
concentration dependent impedance of DcNa release from CBP suppositories indicate
that CBP should only be useat the lowest possible concentration to confer

bioadhesivity as concentrations eb®2ow/w had evidently suppressed drug release.

The drug release studies using distilled water were only preliminary in nature. Drug
release studies using buffered solusiat rectal pH of 7.2 should be consideaiér
further investigation orbioadhesiveproperties and enhancement &rmulation

prototypes.
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CHAPTER 5

BIOADHESION STUDIES
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51 Introduction

51.1 Methods to study bioadhesion

Bioadhesion studies can be performed igiaitro, in vivo and ex vivoexperimental
setupslin vitro bioadhesion studies are by far most commonly adopted due to ease of
experimental setup. This method invavihe use of a suitable excised mucosal
membraneor synthetic membrane surface as the site of attachment under simulated

conditions.

To date, various methods have been developed and applied to study bioadhesive
properties of pharmaceutical formulations. Among the techniques employed were (a)
florescence probe techniquéPark and Robinson, 1984yhich measureghange in
fluorescence upon binding of polymer to epithelial cells labelled with pyrene and
fluorescein, (b) detdmnent stress methods includivglhelmy plate methodSam et

al., 1992; Santos et al., 199%nsile stress methd®mart, 1991; Thirawong et al.,
2007; Tobyn et al.,, 1995; Wong et al., 1999ad shear stress meth@diménez
Castellanos et al.,, 1993; Leung and Robinson, 1988; Mortazavi and Smart, 1995;
Wang and Tang, 2008]c) the wastoff method(Lehr and Bouwstra, 1992yhich
guantifies amount of particulate remaining on the test surface after bouts of agitation;
and (d) mucirparticulate methodTakeuchi et al., 2005vhich measures change in

zeta potential bmucin brought about by mucipolymer interaction. The Biacdte
method to study bioadhesion was subsequently developed as an extension of this
concept, where the change in surface plasmon resonance broughblitteraction
between polymer and mucin reacted onto chitasanobilised sensor chips were
measured arbitrarilyThongborisute and Takeuchi, 2008)f these, the detachment

methods were most commg@nised on solid and sefsolid dosage forms.
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51.2 Detachment methods

5.1.2.1 Tensile stress

I cap
'erspex support
=8 Pectin disc (200 mg, @ 9.53 mm)
Gl mucosa
Step A Step B Step C
Test probe
Water-jacketed
container
Test medium
Membrane/
tissue holder
Probe with hydrated pectin Hydrated pectin disc was Probe was withdrawn at a
disc was moved da with Gl with specified rate.
specified time and force,

Figure5.1 : Experimental setup for testing tensile stress of bioadhesion tgsihge
analyser; (a) without temperature contr@hirawong et al., 2007; Tobyn et al., 19¢

Wong et al., 1999&nd; (b) with temperature contr@hirawong et al., 2007)

The tensile setup measures force required to fracture bioadhesion bond at right angles
to the plane of contact betem test sample and mucosa surface. Wilhelmy plate
method(Smart et al., 1984ineasures the tensile stress generated upon detaching a

glass plate coated with polymer vertically immersed in mucin using a microforce
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balance. This concept was subsequently modified to measure tensile stresedenera
upon the detachment between a tablet and mucosa surface using the tensiometer
(Leung and Robinson, 1988; Ponchel et al., 128if) textureanalyser (Thirawong et

al., 2007; Tobyn et al., 1995; Wong et 4999a) Figures 5.&b showssome ofthe
experimental setup developeg other researchets measure tensile stress of force

required to detach dosage fofram the mucosa

5.1.2.2 Shear stress
Figure 5.2shows some of the experimental setups developedetsure tangential
shear stress. Shear setup measures the sliding force parallel to the plane of contact

required to dislodge a sample disc from mucosa surface.

Most studies measure the degree of bioadhesion in terms of tensile stress or tensile
strength although in actual fact, dosage forms administered into the GIT or vagina or
buccal regions are most likely to undergo frictional and shear stress which occurs
parallel to the adhesive joint. This might be due to the difficulties in measuring shear
stressas well as the inadequacy of current methods to distinguish between actual force
from the bond joint fracture and the force contributed by the friction of both surfaces
(JiménezCastellanos et al., 1993; Leung andbihson, 1988; Mortazavi and Smart,
1995) While Leung and Robinson(1988) reported good results with tie
experimental setufFigure 5.»), Mortazavi and Smart1995) were unable to yield
comprehendible shear stress readingsg the setup irFigure 5.2 because the
readings were affeate by friction and the occurrence of-aehesion after joint

fracture under the influence of gravity.
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(a) r Sensor Hicmcnmwig' (b) B /_\
/ Modified Tensiometers
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Weighted Support
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)
Polymers
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( ) vertical rod fixing to the instron

pd

/ cubic vessel

[ &,a —— tablet detnchTrt rod

AT 8

tablet holder

membrane

Figure5.2 : Experimental setups used to investigate the shear stress of the bioac
joint between bioadhesive material and membrane; (a) modifie&itoa rheomete
equipped with pulley systenfMortazavi and Smart, 1995)(b) dual modified
tensiometer methodLeung and Robinson, 198&nd; (c) vertical rod coupled t

tensiometefJiménezCastellanos et al., 1993)

5.1.3 Experimental design considerations
Methods to measure stress of detachment vary greatly in terms of experimental setup,
choice of mucosa membrane and test medium used, in order to sinmubate

conditions at which bioadhesion is expected to take place.
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Experimental setup designed fsting bioadhesion in the GIT involved complete
immersion of tissue and dosage form samples in a suitable test médgure (5.b

and Figures 5.2-b); usually simulated gastric which served as both a hydration
medium and water bath to maintain the tissae physiological temperature
(Thirawong et al., 2007; Tobyn et al., 199%his however, may not be applicable for
the testing of bioadhesive suppositories as the rectum containsiéiynl2 of inert
mucus over a surface area of P800 cnf (Allen et al., 2008) Conversely, some
studies excludedmmersion of tissue in test medium, but at the expense of
physiologicaltemperature controF{gure 5.1 andFigure 5.2) (JiménezCastellanos

et al.,, 1993; Ponchel et al., 1987; Wong et al., 1999ajnperature control was
particularly important for current work as suppositories would soften and melt a
human body temperature, yet immersion of samples in test medium does not reflect

physiological rectal conditions.

Bioadhesive polymers were incorporated into rectal suppositories in this research as
an attempt to circumvent the psgstemic firstpassmetabolismlt is hoped that the
bioadhesive polymers would enable adherence of suppositories to the rectal mucosa,
thus preventing its movement towards the upper rectum where capillaries drain into
the hepatic portal systemhichis responsible foa subsanial degree of prsystemic

drug inactivation Previous studies byahagi et al. (2000dndRamadan (2012)ave
incorporated CBP into suppositories, however, bioadhesive properties of the

formulations were not tested.

Therefore, this chapter aims to develop and optimise methods ¥dro assessment

of bioadhewity of suppositories using the texture arsgllyfor measurement of tensile
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and shear stressesquired to disrupt bioadhesioMeasurements were manteterms

of peak force of detachme(fna) and work of adhesion (My. This is followed by
evaluaton of bioadhesive properties of the suppository folaions developed in
Chapter 3 FHnally, as efforts to diversifyexperimental setup, synthetic cellulose
membrane was investigated as a potential alternative to biological membranes in

bioadhesion studse

5.2 Materials and methods

5.2.1 Materials

Type Ill mucin from porcine stomach was purchased f&igma Aldrich, Missouri,
USA. The regenerated cellulose membrane (nominal MW 1PJ@0000; thickness
33 mm) was purchased from Fisher Scientific. Other materiadsl isive been
described inSections2.2 and 3.2 All reagents were analytical grade. The materials

were used as received.

5.2.2 Methods

5.2.2.1 Preparation of sample discs

Cylindrical sample discs with a radius of 1.3 cm and thickness of 0.5 cm were
preparedvia fusion moulding. Method of manufacturing was similar to that of
suppositories §ection3.3.1) with the exception of acrylate disc rals in place of
suppository malds. Bioadhesive polymers (CBP, HPMC, PVP and CMCTS) were
added to the molten base at concentration1, 2 and 5 %w/w alongside 50 mg of

DcNa per disc.
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5.2.2.2 Preparation of large intestinal tissue

Freshly excised porcine large intestines were obtained from a local slaughterhouse and
processed within 24 hours. The large intestines were split lengthwistumnthl
contents were removed by careful rinsing with distilled water. The serosa, tunica
muscularis and the submucosa layer were removed and the large intestines were

separated into three sectiorthe crown, rectum and coldRkigures 5.3&).

(b)

Figure5.3: Different segments dfeshly excised porcine large intestinal tissues L
in this study, (a) intact large intestines with serosa, tunica muscularis and subn

layer; (b) split large itestines, with mucosa facing upwards.
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The crown was discarded and rectum region was harvested 3 cm after the dentate
while 10-15 cm of the mucosa betweeectum and colon were discarded to omit
6transitional r egi on s Garefully examinedeta ¢nsure tha n d
membrane is intact before cutting into 6 cm x 6 cm membrane segments. The
membranes were immed in 0.9 %w/v sodium chloridand kept frozen until use,
within 1 week from the day of processing. The yield of sample membifeom® the

intestines was tabulated.

5.2.2.3 Preparation of simulated rectal mucus

Simulated rectal mucus (SRM) was prepared by stirring 5 %w/w type Ill mucin in pH
7.4 simulated colonic fluid (SCF) for 3 hours. The SCF was prepared based on the
formula for SCFby Marques et al. (2011 5RM was stored refrigerated af@ and

used within 72 hours from time of preparation.

5.2.2.4 Experimental setup

Bioadhesion measurement was conducted using a Ta.XT plus Textureseknaly
(Stable Microsystems, Surrey, UK) equipped with a 5 kg load cell. Adisomements
were conducted at 201 °C with RH of 55 65 %. All studies were carried out in &

replicates Fresh tissue and sample disc was used for each replicate.

5.2.2.4.1 Tensile measurement

The method used in the current study was modified ffbwrawong et al. (2007) and
Wong et al. (1999)o allow temperature control of the membrane without immersion

of the setup in a water bath. The setup comprised of a probe affixed to the texture

analyser arm with a flat round surface and a copper membrane stage heated using a
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ceramic top stirring hotplat@=isher Scientific, Pittsburg, USA). The entire assembly

is as depicted ifrigure 5.4

|-
Texture analyzer arm

Cylindrical probe

Sample disc

-l ’~ Binder clips

Isotemp ceramic

Mucosa with
simulated rectal Step II
mucus

Copper stage —

top stirring hotplate

Bench

Figure5.4 : Thetensilebioadhesion study experimental setup using texture seraly

with heated copper membrasiage.

Sample discs were securely mounted onto the flat surface of the cylindrical probe
using double sided tape. The tissue preparegdjusethods describe in Section 5.2.2.2
were allowed to thaw to room temperature and immersed in SCF for 30 minutes
before clamping on the copper stage using binder clips, luminal surface facing
upwards. The copper stage was then positioned below the textursearaiy and

aligned to ensure the sample disc comes into direct contact with membrane surface
when probe is lvered. A fixed volumeof SRM was dispensed onto the mucosa
surface and spread out evenly before lowering sdm@mple disc to 5 cm above the
membrane. The membrane temperature was measured using an infrared thermometer
and allowed to equilibrate to 37400.5 °C on the copper stage before commencement

of experiments. The probe was lowered at a speed of 1 mm/s until contact was made
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between the sample disc and the membr&igufe 5.4 Step 1). This contact was
maintained for a specific time (contact time) and fixed contact force~(gure 5.4,
Step II). At the end of contact time, the probe was withdrawn at a predetermined

speed (probe withdrawal speed) to a 10 mm distdfigere 5.4 Step Ill).

5.2.2.4.2 Shear measurement

The method used in the current study waadified from Chary et al. (1999) and
Wang and Tang (200&) allow direct measurement of shear force required to disrupt
bioadhesion between sample disc and the membrane under temperature Toatr

entire assembly is as depictedHigure 5.5.

Texture analyzer probe G Step Tl

9

Nylon string @ Pulley wheel

Binder clips Acrylate stage fitted with pulley
fixture

Mucosa spreaded with
simulated rectal
Icus

Figure 5.5 : The shear bioadhesion study experimental setup using texturesan

with heated copper membrane stage.

The setup comprised of threemponents: a sample holder; a copper stage connected
to an acrylate stage affixed with a pulley wheel and; a texture sengyobe fitted
with a hook. Sample discs were securely mounted onto the flat surface of the sample

holder using double sided tapenie the mucosa was attached to the copper stage
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using binder clips (luminal surface upwards). The entire copper si@geaintained

at 37 °C using a ceramic top stirring hotplate (Fisher Scientific, Pittsburg, USA). A
fixed length of nylon string was atthed from the sample holder to the hook on the
probe through a pulley at right angles. The position of the probe was adjusted to
ensure there is no slack along the length of the string. The membrane temperature was
allowed to equilibrate to 378 0.5°C on the copper stage and dispensed with a fixed
volume of SRM before commencement of experiments. Weights (contact force) were
placed on the sample holder for a predetermined duration of time (contact time) to
facilitate bioadhesion between sample disc eretinbraneKigure 5.5 Step I). At the

end of the contact time, the probe was withdrawn at a predetermined speed (prob

withdrawal speed) to dislodgeample disc from membrane surfaéég(re 5.5 Step

).

5.2.2.5 Effects of instrument and test variables on théioadhesive test

Fmax Of the sample discs froitme porcine large intestinal mucosa under different test
conditions was measured. Three instrumental variables were studied; the contact time,
probe withdrawal speed and contact force; while the two testblesiatudied were

the volume of mucin used and the type of large intestinal mucosa used (rectum or
colon). Studies on the instrument variables were conducted using the porcine colon
mucosa with 15@L of SRM evenly spread over the surface. All studies wareed

out in 5 6 replicates.

5.2.2.5.1 Tensile measurement
Sample discs containing 50 mg DcNa and 5 %w/w CBP were used to septhmi

instrument and test variables used in tensile measurements. Four different contact
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times, five probe withdrawal speed, figentact forces, five volumes of SRM and two

types of mucosa. The parameters are tabulat&dbie 5.1

5.2.2.5.2 Shear measurement

Sample discs containing 50 mg DcNa and 5 %w/w PVP were used to septhmi
instrument and test variables used in shear measurerReuntsdifferent contact times,
four probe withdrawal speed, four contact forces, four volumes of SRM and two types

of mucosa. The parameters are tabulatelhivle 5.2.

5.2.2.6 Evaluation of the bioadhesive strengths in suppository formulations

using biologicalmembranes
The instrumental and experimental parameters used to evaluate bioadhesive strength
of suppository sample disc were obtained from studies in Sebtd2.51 and

5.2.2.52. All measurements were carried out i Beplicates.

5.2.2.7 Evaluation of synthetic regenerated cellulose membrane as an
alternative to biological membrane
Evaluation was carried out using setSragnd parameters used in Sect®m@.2.6with
the substitution of synthetic regenerated cellulose membrane for porcine colon mucosa.
The regenerated cellulose membrane was cut to 6 cm x 6 cm squares and immersed in

SCFfor 1 hour prior to use. All measurements were carried ouwameplicates.
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Table5.1: The fixed and variable parameters used for tensile force optimisationsasiie discs containing 50 mg DcNa and 5 %w/w CBP

Variable parameter

Fixed parameter

Contact time | Probe withdrawal spee( Contact force Volume of SRM Type of mucosa
Contact times 5,10, 20,30 s 20s 20s 20s 20s
Probe withdrawal speed 10 mm/s 1,2,5, 10, 20 mm/s 10 mm/s 10 mm/s 10 mm/s
Contact force 2N 2N 05,1,15,2,3N 2N 2N
Volumes of SRM 150¢L 150 €L 150 ¢ L] 0,50,100, 150, 306L 150 e¢L
Type of mucosa colon colon colon colon colon, rectum

ovT



Table5.2 : The fixed and variable parameters used for shear force optimisatiorsasipte discs containing 50 rbgNa and 5 %w/w PVP.

Variable parameter

Fixed parameter

Contact time | Probe withdrawal spee( Contact force Volume of SRM Type of mucosa
Contact times 20, 40, 60, 90 s 60 s 60 s 60 s 60 s
Probe withdrawal speed 30 mm/s 5, 10, 20, 30 mm/s 30 mm/s 30 mm/s 30 mm/s
Contact force 2N 2N 1,2,3,4N 2N 2N
Volumes of SRM 150¢L 150 €L 150 €L 0,100,150, 308L 150 e¢L
Type of mucosa colon colon colon colon colon, rectum
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5.2.2.8 Data analysis

Figure 5.6showed the typical plot of force versuslistance data obtained through
tensilemeasuremeniThe maximum force required for separation of sample disc from
the membrane or.fx was obtained directly from the foiicistance curve while the

work of adhesion (W was calculated using area under the fodegtance curve

using the Texture Exponent 32 software. Bioadhesive properties of the different
formulations were evaluated and compared based on these tweefEaMANOVA
followed by a poshoc Tule y 6 s H @d3 parfamed to examine botffects of
instrument and experimental variableslmoadhesion as well dsoadhesive strength

of various formulations. The statistical analyses were conducted using SPSS version

20 (SPSS Inc., USA). A statistilty significant difference was observed when p <0.05.

[Force (N) 2 1
= Peak Force of Detachment, F
(N)

Work of Adhesion, W,g
 (N.mm)

375 400
Distance (mm)

251

Figure 5.6: A typical plot of force versus distance data for suppository sample

(CB + 50 mg DcNa + 1 %w/w PVP) tested with colon mucosa ubiegensile setup.
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5.3 Results and discussion

The design of both experimental setup for tensile and shear measurement were
targeted at mimicking the internal environment of the rectum. The disc surface area

was designed to reflect total surface area for bioadhesion in an actual torpedo shaped
supposiory with height of 2.5 cm and radius of 0.4 cm (at its barrel end). The

intestinal mucosa and SR({gH 7.4) was used to reproduaetal environment.

5.3.1 Preparation of large intestinal tissue
The yield of both rectum and colon samples were tabulatédbie5.3. The yield of
colon membrane samples were usualg @mes more than the amount of rectum

mucosa obtained per intestine.

Table5.3: The yield of biological membrane mucosa.

Rectum Colon
Intestine Length Yield Length Yield
(cm) (6 cm x 6 cm) (cm) (6 cm x 6 cm)
A 25 12 122 34
B 25 7 116 19
C 25 8 95 26
D 19 8 90 22
E 22 7 100 25
F 30 8 127 20

53.2 Effects of instrument and test variables on the bioadhesive test
5.3.2.1 Tensile measurement
Figure 5.7showedthat F,ax and W4 increased as contact tinmas increasedntil 20

s, where a further 10 s of contact time did not significantly increase F
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Figureb5.7: Effect of contact time on (&nax and (b)W,q of SS discs containing 5
mg DcNa and 5 %w/w CBP against porcine colon mucosa usetgetisile setup

Mean + SD, n5-6.

Increasing contact time beyond 20 s did not result in any significant increaggcin F

and W, contrary to previous studies @yhirawong et al. (2007) and Wong et al.
(1999)which reported that increment in contact time resulted in linear increasg.in W
Initial increase in contact time may have allowed interdiffusion and chain
entanglement between CBP and mucin in the SRM; hawsv¢he contact timeas
increasd, a higher fraction of the sample disc tad| resulting in an oily, slippery

layer between the sample disc and the tissue mucosa. Therefore, 20 s was selected as

the suitable contact time.
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The effect of increasing prolvathdrawal speed on both thg&kand W4 (Figure 5.8

were similar to findings bywong et al. (1999) and Thirawong et al. (2007)
Increasingprobe withdrawal speed from 1 mm/s to 10 and 20 mm/s resulted in
statistically significant inease in Fax and W, but there were no differences
between 10 and 20 mm/s. Higher probe speeds produced largemB Wiy which
afforded higher sensitivities in measuring bioadhesion while the lower speeds resulted
in bigger standard deviations. Thered, an intermediate probe speed of 10 mm/s was

selected for subsequent bioadhesion studies.
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Figure 5.8: Effect of probe withdrawal speed on (@)ax and (b)Wa,q of SS discs
containing 50 mg DcNa and 5 %w/w CBP against porcine colon mucosa using

setup.Meanz SD,n=5-6.
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A significant increase in Jzx and W,y was observed only after contact force was

increased from 0.5 to 2 NFigure 5.9. The observed rend was similar to that by

Thirawong et al. (2007although the latter study investigated contact force at the

range of 0.05 to 0.5 N. Various studies/eshown that basal rectal pressure is at the

range of 525 cmH0 (Farouk, 2003and 2025 mmHg(Rao et al., 1988\hile anal

pressure is approximately 2B cmHO (Hancock, 1976) Therefore, 2 N which

translate to 0.0490.74 N/cnf (equivalent to 575.5 cmHO) was selected as contact

force for future studies, derived from contact surface area of sample disc .1 cm

(@)

Peak force of detachment (N)

0.5

15 2 2.5 3 3.5
Contact force (N)

(b)

Work of adhesion (N.mm)

15 2 25 3 35
Contact force (N)

Figure5.9 : Effect of contact force on (aykand (b)W,q 0f SS discs containing 5

mg DcNa and 5 %w/w CBP against porcine colon mucosa using tensile setap

+ SD, n=5-6.
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The effect of different SRM volumes ranging from300e L 0 n matahdeWy F

were investigated to select the suitable volume whiotulates rectal conditions yet

produce reasonable measurements gf,fand Wy Figure 5.1G6showed that different

volumesof SRM did not significantly affecthe F,ax and Wq generated, although it

was suggested that adhesive forces weakens as mucus content indeasezavi

and Smart, 1995However,1 50 €L was selected for subs

average volume of rectal conditions based on the surface area of the tissue used.
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Figure5.10: Effect of volume of SRM on (eJmaxand (b)W,q of SS discs containin
50 mg DcNa and 5 %w/w CBP against the porcine colon mucosa using the

setup. Meant SD, n=5-6.
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This study also investigated suitability and consistency of vasegsnents of the
large intestindrectum and don) as model mucosa for bioadhesion studsemnerally,
formulations containing either CMCTS or CBP exhibited highgi Bnd W4 values
than those without polyme(Figure 5.1). Bioadhesive properties of CBP were

greater than CMCTS and increased in a concentration dependaner.
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Z 4. = DcNa
s 12 % CMCTS
2 4
g 05 % CMCTS
© J
s . 52 % CBP
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§ 1 E % H5 % CBP

0 ::::::::.: o ::::::::::: , - e ,
Rectum Colon

Figure 5.11 : Effect of different segments (rectum and colon) of the porcine |
intestines on (a) faxand (b) W4 of SS discs containing 50 mg DcNa arid 26w/w

of CMCTS or CBP using the tensile setup. Values expressag¢ast SD,n=56.

The correlationcoefficient of Fax between the rectum and colon was fouadbe
0.910. This indicated that the colon provided a reasonable representation of the

rectum in terms of evaluation of bioadhesion properties of suppositories using the
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tensile setup. Due tthe low yield of rectum membranes (Table 5.3), the colon

mucosa wasised in subsequent evaluative studies in Section 5.3.3.

5.3.2.2 Shear measurement

Figure 5.1Zhowedthat Faxand Wygincreased asontact timewvasincreasd until 90

s, followed by a decrease in bioadhesion at 1Z&hsjaei et al. (2000eported that
bioadhesion strengthlateauedvhen contact time was increased beyond 120 s, and
attributed itto excessive water sorptiomn this study, it is likely that a slippery
surface wa produced as the disc melts, resulting in a decrease in bioadhesion forces

with longer contact times; thus 60 s was selected for subsequent studies.

(a) 2 2 -
=
(O]
IS
=
8
— 1 .
3 b — .
— T
o
° /r B 4
2
L
_;‘rj 0 T T T T 1
o 0 30 60 90 120 150
Contact time (s)
(b)

0 T T T T 1
0 30 60 90 120 150

Contact time (s)

Work of adhesion (N.mm)
H

Figureb5.12 : Effectof contact time orfa) Fnaxand (b) W of SS discs containing 5

mg DcNa and 5 %w/w PVP against the porcine colon mucosa using the sheal
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Mean + SDn=5-6.

The effects ofincreasing probe withdrawal speed on both thg Bnd Wy (Figure

5.13 were similar tdfindings from the tensile setup. Increment in probe withdrawal
speed from 5 mm/s to 10, 20 and 30 mm/s resulted in statistically significant increase
in Fmax and Wy Therefore, probe speed of 30 mm/s was selected for subsequent

bioadhesion studies using the shear setup.
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Figure5.13 : Effect of probe withdrawal speed on @&)ax and (b)W,q of SS discs
containing 50 mg DcNa and 5 %w/w PVP against porcine colon mucosa usil

shear setugMeanz SD, n=5-6.
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A significant increase inJax and Wig was observed when contact force was increase
from 1 to 2, 3 and 4 NFjgure 5.14. There was ceiling effect for the increment in
Fmaxand Waq brought about by increasing contact force, as no significant difference in
Fmax and W4 between contact force of 2, 3 and 4 N. This was in agreement with
Wong et al(1999)where the authors suggested that excessive contact force may lead
to mucosal damage without any improvements on bioadhesion. Contact force of 2 N

was used in subsequent studies.
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Figure5.14 : Effect of contact force on (d&nax and (b)W,q of SS discs containin
50 mg DcNa and 5 %w/w PVP against the porcine colon mucosa using the

setup. Meant SD,n=5-6.
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Figure 5.15showed that the different volumes of SRM used in this studyndid
significantly affect the Faxand Wggener at ed. SRM vol ume of

for the subsequent studies.

@ [
Z 2
<
[} - >
g =En L
e
(8]
8 EmMn L
(]
©
© 1 -
@ Oomp /L
8 -
5 T
Wy mont
() AR R Wy
o ]
]
]
0 ——hemsbonnbosssosnn UL e : )
(b)
5_
£
z 4 @mn L>
c
]
o 3 EM L
=
®
s 2 - mMmp /L
<<
§ 1 - Bon
0 )

Figure 5.15 : Effect of volume of SRM ona) Fnax and (b) Wy of SS discs
containing 50 mg DcNa and 5 %w/w PVP against the porcine colon mucosa

the shear setup. &an+ SD,n=5-6.

When differentsegments of the large intestifrectum and colon) were investigated,
the rank orders of Fzx and W4 for the tested formulations were simil&idure 5.16.
The correlation coefficient of 5« between the rectum and colosing the shear setup

was foundto be 0965. As with the observations using the tensile experimental setup
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in section 5.3.2.1, theolon mucosawas a suitableeplacement of the rectum.
Generally, formulations containing either CBP or PVP exhibited highgrdfd Wy
values than those without polymer, and the bioadhesion conferred by PVP was greater

than CBP and increased in a concdigradependant manner.
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Figure5.16 : Effect of different segments (rectum and colon) of the porcine |
intestines orfa) Fhaxand (b) Wgof SS discs containing 50 mg DcNa and 2ow/w

of CBP or PVP using the shear setupdfi+ SD,n=5-6.

Due to similarity in the data obtained through.,Fand W4 in both the tensile and

shear measurements, onlykFwasreportedn Sectiors 5.3.3and 53.4.

153



5.3.3 Evaluation of bioadhesive strengthin suppository formulations using
biological and synthetic membranes

5.3.3.1 Tensile measurement

A contact time of 20 s under a contact force of 2 N, followed by a probe withdrawal

speed of 10 mm/s was used in thegment of studies. Porcine colon mucosa spread

with 150eL of SRM was used as a model mucosa. Thg 6f various bioadhesive

suppository formulations are shownhkigure 5.17.

For CB and CE suppositories, only 5 %w/w CBP, 5 %w/w CMCTS and 5 %w/w PVP
showed significantly higher Jax compared to blank formulations. Although there
were small increases inkx for formulations containing 2 %w/w of bioadhesive

polymers, none of these were statistically significant.

Meanwhile, SS suppositories containizigpg %ow/w of CBP and PVP and 5 %w/w of
CMCTS esulted in a significantly higit Fn,x compared tosuppositories without
polymers. Formulations with higher amounts of polymer generally erdigieater
bioadhesive properties. The strength of bioadhestorierred by the polymers was

the ascending rank order of: HPMC < CMCTS < CBP < PVP. Formulations
containing HPMC at concentrations of up to 5 %w/w exhibited the weakest
bioadhesion (lowest k) compared to other polymers. Outcomes of the statistical

analysis are included in thgpendices &-30.
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Figure5.17 : The Fhax0f (@) CB;(b) CE and(c) SS formulations containing 50 n
DcNa and 15 %w/w of bioadhesive polymer (CBP, HPMEYP, CMCTS) usinc
tensile setup. Asteriskindicate FaxVvalues whichare significantly different from

formulations without bioadhesive polymekéeant SD,n=5i 6.
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5.3.3.2 Shear measurement
A contact time of 60 s under a contact force of 2 N, followed by a probe withdrawal
speed of 30 mm/s was used in this segment of studies. Porcine colon mucosa spread

with 150¢L of SRM was used as a model mucosa.

Figure 5.18showed the Rn.x and W, measwed using the shear setup. In general,
bioadhesion measured using the shear setup was observed to increase in the following
order: CBP = HPMC < CMCTS < PVP; with formulations containing PVP exhibiting

the highest bioadhesive properties. Although all foatiahs containing 5 %w/w of
polymer had significantly higher & HPMC exhibited limited bioadhesive
properties. This was observed in both the tensile and shear measurements and strongly
suggests the limited benefit of using HPMC in the formulation ofdiiesive
suppositories. Outcomes of the statistical analysis are included Apgendices 3

33.

Similar to the tensile setup, formulations containing 5 %w/w PVP was found to
generate the highestk, which indicate the superior bioadhesivity conferred by this
particular polymer when incorporated in lipophilic suppositories. The shear forces
required to detach sample discs incréaseith increasing amounts of PVP
incorporated into the sample disc. A similar albesslebvious trend was obsed in

formulations containingther polymers.

Formulations containing CBP exhibited poor bioadhesive properties when tested
using the shear setup; contrary to results obtained)ubke tensile setup in Section

5.3.3.1.
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Figure5.18 : The Fnax0f (@) CB;(b) CE and(c) SS formulations containing 50 n
DcNa and 15 %w/w of bioadhesive polymer (CBP, HPMC, PVP, CMCTS) us
shear setup. Asteriskindicate Fax values which are significantly different froi

formulations without bioadhesive polymekéeant SD,n=5-6.
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The bioadhesion properties of CBP, an anionic polymer is attributed to presence of
carboxylic acid(-COOH) groups which facilitates the formationlofdrogen bonds.

Lehr and Bouwstra (1992pund that bioadhesion of anionic polycarbophil decreased
as the pH othe test medium increased. Furthermore, CBP is known to gel at higher
pH. Upon mixing with molten suppository base and simulated rectal fluid (pH 7.4)
CBP could have resulted in slippery mucilage which facilitates sliding between the
sample disc and musa surface; resulting in poor sheat.F Apart from that, this
observation could also be a result of the smooth and fine texture of CBP compared to

the grainier PVP, CMCTS and HPMC.

Previous studiebad inconsistent findings dnoadhesive properties 8VP; Wong et

al. (1999)found that PVP K30 producedyk comparable to that of CBP 974
Conversely, Ivarsson and Wabhigren (2012)eported that PVP had limited
bioadhesivity via ellipsometry, tensile strength and rheology methods @ikt et

al. (1984)reported poor bioadhesivity in PVP using the Wilhelmy plate method.
Currentstudy found that PVP exhibited similar bioadhesive performance compared to
CBP in tensilestressmeasurements and displayed superior bioadhesivity compared to
CBP in the shear measurements. PVP, although lack hydrophilic groups, possess

cyclic amide group which could serve as potential sites for hydrogen bonding.

The secondary amine of CMCTStructure depicted ifrigure 1.2) is protonated to
form a positive charge &wer pH while the carboxylic acid groups ionise to form
carboxylate groups as the phtreased. At the pH of SRM (pH 7.4), both the amine
and carboxylic acid groups would be protonated and could result in formation of

temporary bonds between the polymer chains, reducing pdlymiein interaction
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(Hombach and Bernkefchnurch, 2010However, this work found that CMCTS has
more promising bioadhesivity compared to CBP when both the tensile and shear

measurements were considered collectively.

The poorest bioadhesion was observed in the formukatwith HPMC, a linear,
nonionic polymer derived from etherified anhydjioicose rings substituted with a
28/ 30 % hydrophobic methyl groups. Most of the previous studies which reported of
good bioadhesion properties in HPMC formulations employed the lesstryl
substituted HPMC grade 2208 rather than 2910 used in this (@tkbsri et al., 2010;
Mortazavi and Smart, 1995; Wong et al., 1999)is further affirms the importance of

potential hydrogen bonding groups in conferring bioadhesive properties.

5.34 Evaluation of synthetic regenerated cellulose membrane as an
alternative to biological membrane

Due to variabilityin mucosa surface properties atifficulties in obtaining biological

samples,a synthetic regenerated celluloseembrane was investigated pstential

substitute for biological mucosa usgaringin vitro measuremerof bioadhesion.

5.3.4.1 Tensile measurement

Figure 5.19showed thatFnax generated dr the same formulations usirgynthetic
(regenerated cellulose) membrane were much higher than those generated using
biological (colon) membranes. However, both were similaeims of rank order of
bioadhesion. The bioadhesivity in ascending mamwas found to beHPMC <
CMCTS < CBP < PVP. Formulations tested using the symtmeéimbranes resulted

in smaller SDbut were less sensitive compared to the biological membrane, as
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observed by the higherx produced bylank samplesAn outcome of the statistical

analysis igncluded in theAppendix 3.
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Figure5.19: The Fhax Of the SS formulations containing 50 mg DcNa arsl @w/w
of bioadhesive polymer (CBP, HPMC, PVP, CMCTS) tested with (a) colon mt
as biological membrane and (b) synthetic membrane using the tensile experi

setup. Meant SD,n=56.

The correlation coefficienbf Fnax betweenthe colon and synthetic regenerated
cellulosemembrane was found to be787. Despite a lower correlation coefficient
value, it still indicated a strong relationship between thg §enerated by the colon

and the Fnax generated by regeneratexbllulose membrane. Despite this strong
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correlation, the usage of synthetic regenerated cellulose as an alternative membrane to
colon samples may only be feasible for qualitative comparison (rank order of
bioadhesion), as thé.x values obtained using synthetic membranes were
approximately 34 times higher than those obtained using the rectum and colon

membranes.

5.3.4.2 Shear measurement

Contrary to the findingdrom tensile measuremen{Section 5.3.4.0; both Fryax
generated sing biological and synthetic membranes were comparable and of the same
rank order Figure 5.20. An outcome of the statistical analysis iiscluded in

Appendix 3.

The correlation coefficient of Jzx between the colon and synthetic regenerated
cellulose was found to be 0.958ynthetic regenerated cellulose appéao be a
suitable alternative to biological membranennvitro bioadhesion studies using the
shear setup as there were no marked diffeee between the results obtained from
colonic mucosa and synthetic regenerated cellulose. However, caution has to be
exercised while interpreting results in both situations as synthetic membranes have a

flat and even surface which is a stark contrastdtmgical mucosal surfaces.
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Figure5.20: The Fhax Of the SS formulations containing 50 mg DcNa arsl @w/w
of bioadhesive polymer (CBP, HPMC, PVP, CMCTS) tested with (a) colon mt
as biological membrane and (b) synthetic membrane using the shear exper

setup. Meant SD,n=5-6.

5.4 Conclusion

Two distinct methods forin vitro evaluation of bioadhesive properties of
suppositories using the texture arsalyweredeveloped and optimised in this chapter.
The first method involved the measurement of tensileefrwhile the second

guantified shear force required to disrupt théioadhesive bond. Both methods
involved temperature control at 3€ in the presence of SRM to simulatevivo

conditions. Formulations containing PVP exhibited superior bioadhesion compared to
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the otherpolymers when subjected bothtensile and shear forces of detachment.
This finding was promising for the development of bioadhesive suppositories.
Conversely, HPMC exhibited poor bioadhesive properties in both tests and has
limited role in the development of bioadhesive suppaosgis. In addition to evaluation

of the bioadhesivity of the formulations, this study also investigated synthetic
regenerated cellulose membrane as a practical alternative to biological membranes as
mucosa surface fom vitro bioadhesion studies. Synthetregenerated cellulose
membranes were generally found to be a good substitute for colon mucosa for
gualitative assessment of bioadhesion strengths in both the tensile and shear

measurements.
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CHAPTER 6

STABILITY STUDIES
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6.1 Introduction

6.1.1 Stability studies in suppositories

Suppository formulations are susceptible to both chemical and physical instability
when inappropriately store(Coben and Lordi, 1980; Tukker et al., 1988}orage
temperature and storage duration are common factors causing adhich leads to
altered stability in suppositori€slosny et al., 1990; Sah and Saini, 2008; Yoshida et

al., 1991, Yoshino et al., 1981)

Stability studies funamentally involve testing botbhysical and chemical aspects of

a particular formulation to determins shelf life and preferential storage conditions.
Physical analysis comprises visual inspection of the physical appearance, mechanical
strength (hardness), melting point and softening time, while analysis of active drug

compound as well drug release studiekenup the crucial aspects of chemical testing.

6.1.2 Chemical testing

Certain drug are susceptible to chemical degradation or may interact with
suppository basafter prolonged exposure to warm temperatyiaskker et al., 1984;
Whitworth et al., 1973)When drug degrades, the formulation may no longer be

clinically effective and in some cases, the degraded product maye\eric

Yoshida et al. (1991dbserved that indomethacin suppositorg®d by storage at
room temperature for one month resulted in slodreig release compared to those
stored refrigerated for the same duration of time. A separate study also found that
aminophylline suppositories made with CB kept at°@0for 8 weeks restédd in

retardedin vitro drug releaseompared to freshly prepared suppositoibskker et
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al., 1984) Although the authors attribed the slow and incomplete drug release to
degradation of aminophylline to theophylline, they also noted that shape of the
suppositories remained intact (not melted) for 30 minutes during drug release, studies
which could also imply changes in physical pedies of the dosage form leading to

difficulty in melting or softening.

6.1.3 Physical testing

Lipophilic suppository base in particular, are at risk of a multitude of physical
instabilities as they are made up of a mixturd A6 with various polymorphic fiams.
Visible signs of physical instability include deformation, separation of incorporated
additives and active drug from the base as well as the presence of bldétinamy

and Craig, 2004)Bloom occurs as a dull grey surface haze which may sometimes
cause the surface of the suppository to feel grainy or crumbly to {@liem et al.,

2008)

Oleaginous suppositories also undergo transitions into forms exhibiting higher
melting pointsduring storage, and these effects appear to be less pronounced when
stored at lower temperatur@dosny et al., 1990; Liversidge et al., 1982; Webster e
al., 1998; Yoshino et al., 1981yVhen its melting point is elevated beyond 37 &C,
suppository may not melt completely upon administration into the rectum or result in
molten with a higher viscay at body temperature, bothiccurrencesmpededrug
releasgTukker et al., 1984)Hardening or prolonged softening time of suppositories
leads to incomplete melting upon administratioto the rectum and may cause local
irritation or trigger the defecatory reflerkgsulting in expulsion of supposito(€oben

and Lordi, 1980)
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The effects of agng in suppositories were highly variable depending on the type of
drug and excipients used to formulate the suppositditéssny et al., 1990; Yoshino
et al., 1982) Furthermoregffects of DcNa and bioadhesive polymers (CBP, HPMC,

PVP and CMCTS) towardaging of suppositories were unknown.

Amongformulations developed and tested in the previous chapters, suppositories (CB,
CE and SS) containing bioadhesive polymers PVP and CMCTS appear to be
promising candidates for fast release DcNa suppositortbsbidadhesive properties.
Thus, this chapter aims to assesability of these suppositories as a function of
storage dration and storage condition. Theippositories were evaluated and
compared in terms of visual appearance, thermal profile, hardoéssiisg timre and

DcNa release to ascertaionsequences of eigg and the preferred storage conditions

in these formulations

6.2 Materials and methods

6.2.1 Materials
The materialsised to manufacture suppository samples used in this chapter have been
previously described inSections2.1 and 3.2 All other chemicals used have been

described in Sectiors2 and 4.2.

6.2.2 Methods
Suppositories were prepared using methods previously describ®dction 3.3.1.
Prepared suppositories were either stored refrigerated (3.5 £ 1.5 °C; RH of 29 + 3%)

or kept at room temperature (24.5 + 2.5 °C; RH 58 + 5%). The samples were analysed
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at three tine points; freshly prepared, 100 + 10 days and 20® days on storage

until analysis.

6.2.2.1 Physical appearance

The samples were inspected in terms of changes in colour, surface texture or presence
of bloom compared to freshly manufactured suppositories. Changes to the
suppositories in terms of colour, surface glossiness and smo®tftaesle) after

storage for 100 and 200 days were evaluated both visually and by touch.

6.2.2.2 Thermal profile

Thermal analyses of the suppositories were conducted using the DSC system
mentioned inSection2.3.1.12. The samples were prepared according tohous
described and heated fromO °C to 60°C. Thermograms were analysed @)
determine melting point of the formulatian (endothermic peak minimum on
thermogram){b) identify presence of new endothermic peaks; @)dyuantifySFC

of the formulationgcontinuous integration of the thermogram).

6.2.2.3 Hardness
Hardness of igppositories was examined using method describegkeaiion3.3.2.6.
Measurements were repeated with 6 independent samples (n=6) for each of the

formulation tested.

6.2.2.4 Softening time
The sofening time of suppositories was determined using method described in

Section3.3.2.7 Experiment was carried out in triplicatgs=3) for each formulation.
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6.2.2.5 DcNa release
Therelease of DcNa fronaged suppository samples was investigated using method
described inSection 4.2.1. Drug release studiegn=3) were carried out for 180

minutes.

6.2.2.6 Statistical analysis of data

The results from hardness (Sect®2.2.3 and softening time (Sectidh2.2.94 were
subjected to analysis of variance (ANOVA) tmledby posth o ¢ = TsuHSE tegi

to detect presence of significant differences between the formulations (freshly
prepared samples; samples stored refrigerated for 100 and 200 days; and samples
stored at room temperature for 100 and 200 days). The resultsDichia release
(Section6.2.2.5 on the other hand, were analysed via visual comparison of the DcNa

release curves alongside DE and MDT.

6.3 Results and discussion

6.3.1 Physical appearance

The physical appearance of PVP and CMCTS suppositories made using CBd CE an
SS bases were examinékhble 6.). There was a general trend of decreasing surface
glossiness and increasing graininess of the suppositories stored at room temperature
over a period of 200 days. This effect was more predominant in suppositories
containng 5 %w/w PVP. Supposit@s which were kept refrigerateaave €ss

detectable physical changesmpared to freshly made samples.
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Table6.1: The physicabppearance of PVP and CMCTS suppositories containing 50 mg DcNa after storage at various conditions up to 200 days.

100 days 200 days
Freshly prepared
Formulations Refrigerated Room temp Refrigerated Room temp
Surface | Texture | Surface | Texture | Surface| Texture | Surface | Texture | Surface | Texture

No polymer +++ *xk +++ ek ++ * o+ kk ++ o

CB 5%w/w PVP +++ oxk +++ ek ++ * +4++ Hkk + *

5%w/w CMCTS 4+ Hokk +++ Fkk ++ *k 4+ Fkk + %k

No polymer +++ ok +++ il ++ ok +++ Hhk + **

CE 5%w/w PVP +++ Fxk +++ ik ++ ok +4++ ok + *

S%W/W CMCTS +++ *k% +++ *k% ++ **k% +++ **k% + *%

No polymer +++ *kk +++ *kk ++ ok +++ Kk + *k

SS 5%w/w PVP +++ Fhx +++ ok ++ * ++ ok i *

5%w/w CMCTS +++ Kkk 4+ Kkk ++ Kk 4+ Kk + Kk
0+0 denotes guppacssintesrsy osfurtfheece, with o6+++6 glossy and 0+06 dul | ;

0***0 smooth and 0*06 grainy.
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6.3.2 Thermal profile

Due to the natural composition of fats, their polymorphic transitions often involve
multiple TAG which by themselvesxistsin an array of polymorphs. Changes
properties of fats have been mainly attributed to polymorphic transitions and

segregation of@amponents within complex lipids.

which were kept refrigerated (3t51.5°C) for up to 200 days did not result in a change

in melting point (endothermic peak). Howevehetonset of melting for these
suppositories shifted to a lower temperature, as demonstrated by the widening of the
endothermic peakH{gure 6.1 arrow). A similar observation was demonstratecCB
suppositories containing DcNa and 5 %w/w CMCTSFigure 62. This a potential
cause of concern as excessively low onset of melting could result in suppositories

liquefying during handling prior to insertion into the rectum.

On the other hand, melting point of CB suppositories kept at room temperature
increasedhroughout storage~(gures 6.{iv-v) andFigures 6.8v-v)). This increase in
melting point was observed as early as 100 days of storage at room temperature. The
melting point was 34.5 and 32C for suppositories stored at room temperature for 100
and D0 days respectively; compared to freshlggared suppositories which melted at
32.9°C. This was believed to be due to gradual transformation of polymorphic forms
3B and 4A to the stable 4Bhxgmenclature as described Tiable 2.}, which was a
commonly observed polymorphic transition in poorly stored chocolétemchampt

and Hartel, 2004) Increment in melting point of suppositories stored at room

temperature was reflected as a nwgdatd shift in the SFC cunvie Figure 6.3
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Figure6.1 : The DSC thermogram of CB suppositories containing 50 mg DcNa and 5 %w/w PVP. Individual thermograms show th
endotherm of suppositories which were (i) freshly prepared; stored refrigerated at for (i) 100 days and (iii) 200 édyst stmm

temperature for (iv) 100 days and (v) 200 days. Inset shows enlarged portions of the thermogram.
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Figure6.2 : The DSC thermogram of CB suppositories containing 50 mg DcNa and 5 %w/w CMCTS. Indivetuadghams show th
melting endotherm of suppositories which were (i) freshly prepared; stored refrigerated at for (ii) 100 days and (i$;210rdd at roon

temperature for (iv) 100 days and (v) 200 days. Inset shows enlarged portions of the gr@rmogr
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Figure6.3 : The SFC of CB suppositories containing 50 mg DcNa and (a) 5 ¢

PVP and (b) 5 %w/w CMCT.S
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A faint shoulder at approximately 4Z (Figures 6.16.2, Section Ainset) was
observed in all freshly prepared, refrigerated and room temperature samples. This is
likely to be due to the presence of small amounts ofb floem of the stearic acidleic
aad-stearic acid (SOS) TAG which were already present in the CB stock used to
manufacture suppositories. The melting points of CB TAG and their polymorphic

forms are tabulated ihable 6.2

Table6.2 : The meling points of various polymorphic forms of CB TAG. (Fatty acid
nomenclature under TAG column as follows: P = palmitic acid; O = oleic acid; S =

stearic acid)

Melting Points of Polymorphic forms (°C)
Composition in
(Arishima et al., 1991; MClements, 1999; Sato, 200
CB (%)
TAG Smith, 2009; Susumu and Konishi, 2011)
(Lonchampt and

b o6 b
Hartel, 2004) U

b2¢ b1q4 b2 b1

POS 46.9 19.5 31.6 35.5
SOS 29.8 23.5 36.5 41.0 | 43.0
POP 12.6 15.2 30.3 | 335 | 351 | 367
POO 11.0 -4.0 18.21 19.0

SO0 1.8 24

Furthermore, a small endotherm was observed &C5Figures 6.16.2, Sectiors B
and C; inset iv-v). This endotherm is believed to be due to increased fraction of
saturated TAG as a result of subsequent storage of CB suppositories at room

temperatureLoisel et al. (1998pbserved that lipid segregation occurred in CB during
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storage at 36C whichresulted in crystéisation of a saturated TAG, in addition to the
usual form Vpolymorph (Forms 4A and 4B as per nomenclatar&able 2.). The
melting point of polymorphic forms observed in various saturated TAG was tabulated

in Table 6.3

Table6.3: The melting points of various polymorphic forms of saturated TAG.

Melting point of polymorphic forms (°C)
TAG (Belitz et al., 2009; Da Silva et al., 2009; Sato and Kuroda, 19¢
U bo b
Trilaurin 15.2 34 46.5
Trimyristin 32.8 45 58.5
Tripalmitin 44.7 56.5 66.4
Tristearin 54 65 72.5

Figures 6.46.7 showed the thermal profile of 5 %w/w PVP and CMCTS suppositories
made using HPKS (CE and SS). The progression of thermal changethi€@E and
SS were similar andindings from Figures 6.46.7 will be discussed using CE

suppositories containing DcNa aidow/w PVP as referenc€i@ure 6.4.

CE suppositories containing 5 %w/w of PVIFigure 6.4 which were kept
refrigerated for 100 and 200 days (melting point= 34.0 °C on both occadidnst
show any significant changes in melting point comparedeshfy prepared samples
(melting point=3.9 °C). The melting points were similar and there were no additional
endothermic or exothermic events even up to 200 days of refrgei@i5 + 1.5 °C;

RH 29 + 3 %).
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Figure6.4 : The DSC thermogram of suppositories made using CE as suppository base containing 5 %w/w PVP. Individual the
show the melting endotherm of suppositories which were (i) freshly presioee refrigerated at for (i) 100 days and (iii) 200 days; st

at room temperature for (iv) 100 days and (v) 200 days. Inset shows enlarged portions of the thermogram.
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Figure 6.5 : The DSC thermogram of CE suppositories containing 50 mg DcNa and 5 %w/w CMCTS. Individual thermograms ¢
melting endotherm of suppositories which were (i) freshly prepared; stored refrigerated at for (i) 100 days and (y3$;230rdd at rao

temperature for (iv) 100 days and (v) 200 days. Inset shows enlarged portions of the thermogram.
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Figure6.6 : The DSC thermogram of SS suppositories containing 50 mg DcNa and 5 %w/w PVP. Individuagtiaens show the meltin
endotherm of suppositories which were (i) freshly prepared; stored refrigerated for (i) 100 days and (iii) 200 days;retmretemperatur
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Figure 6.7 : The DSC thermogram of SS suppositories containing 50 mg DcNa and 5 %w/w CMCTS. Individual thermograms
melting endotherm of suppositories which were (i) freshly prepared; stored refrigerated for (ii) 100 days and (iii) 26i@redyat roorr

temperature for (iv) 100 days and (v) 200 days. Inset shows enlarged portions of the thermogram.
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Conversely, an additional peak was obseraed7.3 and 29.4 °C in suppositories
stored at room temperature for 100 and 200 days respectiiglyr¢s 6.4iv-v),
arrow). These peaks were likely due to separation of lower melting point TAG
from the complex multicomponent mixture which makes up HAK®Bthermore,
another shoulder peak was observedpgiroximately38 °C in suppositories kept

at room temperatureF{gures 6.4iv-v); Section A).This could be a result of
gradualb stabilisation of trilaurin (Ge) which is present as P89 % of HPKS

contert (Chin et al., 2003Smith et al., 2004; Siew, 2001)

An endothermic event was observed at 50P@ure 6.4 insets B and C) but at a
bigger magnitude compared to CB. This is probably due to the melting of
trisaturated TAG. CB contains approximately 3 % of trisaturated TAG while
HPKS contains approximately 7 % these high melting trisaturated (Bi@th et

al., 2004) The amount of TAG component which melts at 50 °C in samples stored
at room temperature increased from 100 dd&ygufe 6.4,inset B) to 200 days
(Figure 6.4 inset C) of storage. This was catent in all the HPKS formulations,
suggesting that storage at room temperature resultedinti@asedormation of

this TAG species

The SFC curves of CEnd SSsuppositories Kigures 6.86.9) stored unde
refrigeration and at room temperature were similar up t6G35after which the
curve for suppositories stored at room temperature shift rightward, indicating the
presence of TAG with a higher melting point. This was different from CB
suppositories wherthe entire SFC curve shifted to a higher temperateigu e

6.9.
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Figure6.8 : The SFC of CE suppositories containing 50 mg DcNa and (a) 5 9

PVP and (b) 5 %w/w CMCTS.
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Figure6.9 : The SFC of SS suppositories containing 50 mg DcNa and (a) 5 ¢

PVP and (b) 5 %w/w CMCTS.
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6.3.3 Hardness
Figures 6.16-c showed changes in hardness of suppositories stored under different

storage coditionsfor different durations.

(a) 160 - . . m freshly prepared
140 - e
~ 120 - m refrigerated 100
£ days
~ 100 -
§ 80 - u refrigerated 200
S 60 - days
3
I 40 - B room temperature
20 - 100 days
0 - ® room temperature
PVP CMCTS 200 days
(b) 140 - x X m freshly prepared
120 -
Z 100 m refrigerated 100
2 80 days
I m refrigerated 200
= 60 days
T 40 ® room temperature
20 100 days
0 ® room temperature
©) 140 - m freshly prepared
120 - _
- m refrigerated 100
é 100 - days
ﬁ 80 1 u refrigerated 200
5 60 - days
cIts 40 - H room temperature
20 - 100 days
0 - ® room temperature
PVP CMCTS 200 days

Figure 6.10 : The hardness of suppositories made uga)gCB; (b) CE and(c) SS
containing 50 mg DcNa and 5 %w/w PVP and 5 %w/w CMCTS after various st
conditions up to 200 dayaésterisks indicate a significant difference in hardness fr

6freshly prepaeamdtdSD,ns@uppositories.
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Refrigerated suppositories contaigi 5 %w/w PVP demonstrated statistically
significant increase in hardness at both 100 and 200 days (p <0.05). In general,
refrigerated 5 %w/w PVP suppositories were harder than suppositories kept at room

temperature for the same period.

Meanwhile, suppatries with 5 %w/w CMCTS showed very minimal differences in
hardness even when stored for 200 days both refrigerated and at room temperature. A
significant increase in hardness was only observed in CB and SS suppositories
containing 5 %w/w CMCTS after megeration for 200 days. Statistical comparison of

the formulations wusing TnAkpendia®d HSD anal ys

Sah and Saini (2008pund that lipophilicindomethacin suppositories made using
Mayol W45 and Hydrokote AP5 became harder after being subjected to-fhesze
cycles or accelerated stability test at°@0 The current work however, did not find a
clear trend of changes in hardness of the supp@stoontaining 5 %w/w of PVP and

CMCTS against storage time and storage conditions.

6.3.4 Softening time

Figure 6.11showed that suppositories stored at room temperature have longer
softening times. This was consistent for suppositories containing both PVP and
CMCTS. All the formulations stored at room temperature for 100 and 200 days

(except SS suppositories containing 5 %w/w PVP at room temperature for 100 days)
had significantly prolonged softening times compared to freshly prepared

suppositories.
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Figure6.11: The softening time of suppositories made ugegCB; (b) CE and(c)
SS containing 50 mg DcNa and 5 %w/w PVP and 5 %w/w CMCTS under diff
storage conditionsAsterisks indicate a significant difference in softening tir

compared to O0freshliMeanp$Dem@r edod6 suppc

186



With the exception of CB suppositories containing 5 %w/w PNBufe 6.14), all

other refrigerated formulations have shorter softening times compared to freshly
prepared samples. This observation however, was only statistically significant in CE
suppositories containing 5 %w/w PVP and SS suppositories containing 5 %w/w
CMCTS dter refrigeration for 100 days. Statistical comparison of the formulations

using Tuk ey distabHl&dd irApperdix #.s i s

Moes and Jaminet (1976pbserved marked increase in liquefaction time of
suppositories measured at 7 after prolonged storage at 3D. However, the same
authors also found that increment in liquefacttime may or may not affecectal
absorption of drugs. Other factongch as changm viscosity and melting point as a
result of ageing could have brought about a cumulative synergistic or contradictory

effect on rectal absorption.

6.3.5 DcNa release

Both Figures 6.126.13 showed that refrigeration obuppositories up to 200 ya did

not alter DcNa release from all the formulations tested, with the exception of CB
suppositories containing 5 %w/w CMCTSFigure 6.13). Refrigerated CB
suppositories containing 5 %w/w CMCTS showed a slight and gradual decrease in
rate of DcNa relea&sl over time (from freshly prepared to 100 and 200 days). Another
study reported reduction in ampicillin release from suppositories storetCabver a

period of 240 days and the degree of reduction was dependent on type of base used as

well as the medicament usddasny et al., 1990)
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Figure 6.12 The cumulative DcNa release froa) CB; (b) CE and(c) SS
suppositories containing 50 mg DcNa and 5 %w/w PVP under different st

conditions and duration. Mean2 SE, n=3.
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Figure 6.13: The cumulative DcNa release frofa) CB; (b) CE and(c) SS
suppositories containing 50 mg DcNa and 5 %w/w CMCTS under different st

conditions and duration. Me&?2 SE, n=3.
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Conversely, suppositories stored at room temperature for 100 and 200 days generally
had lower rates as well as lessttent of DcNa release at 180 minutes. This
observation was independent of type of suppository base (CB, CE and SS) and type of
bioadhesive polymer incorporated (PVP, CMCTS). A studpbyBlaey and Rutten
Kingma (1977)reporteda drastic decrease (8D %) inaminophyllinereleasefrom

CB suppositories as early as 4 west@age at 22C and 6 days at 3TC.

The parameters of drug release were numerically presented as the DE and MDT
values inTables 6.46.5 respectively for easier comparison. Suppositories stored at
room temperature had significantly lower DE and higher MDT compared to freshly
prepared samples and the refrigerated samples. Among the suppositories stored at
room temperature, formulations caiming 5 %w/w CMCTS have lower DE and
longer MDT compared to those containing 5 %w/w PVP. This suggests that
suppositories containing PVP have better resistance towards accelerateg ag

conditions although a definite reason for this observation is ratkn

The decreased DcNa release could be explained via findings of the DSC thermogram
and SFC curves in Sectidh3.2 Storage of CB suppositories at room temperature
resulted in a 23 °C rightward shift of the endothermic peak (higher melting points);
while a new endothermic shoulder peak was observed at approximatéy 38
HPKS suppositories. Both these observations lead to an increase in SFC atiig
preventing complete melignof the base which in turn hinders DcNa release from the
base. Suppositories stored at room temperature also had lower initial rates of DcNa
release, consistent with the longer softening times observed in these samples in

Section6.3.4
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Table 6.4 : TheDE (%) of suppositories made using CB, CE and SS containing 50 mg DcNa and 5 %w/w bioadhesive polymer (PVP, CMCTS).

Asterislsi ndi cate a significant di ff ed esnucpep dvgant[®B; ncxosmpar ed t o
DE (%)
Formulation
Refrigerated Room temperature
Freshly prepared

Base | Polymer 100 days 200 days 100 days 200 days
CB PVP 90.951+ 0.641 92.337+ 0.957 89.299+ 1.410 88.925+ 0.642 * 80.546+ 0.630 *
CE PVP 85.829+ 0.665 85.244+ 1.406 87.656+ 4.106 51.840+ 0.651 * 56.099+ 2.383 *
SS PVP 86.270+ 1.382 87.557+ 0.862 89.823+ 2.104 * 75.081+ 1.344 * 79.269+ 0.421 *
CB CMCTS 91.673+ 1.099 91.984+ 1.861 85.497+1.132 * 82.913+0.774 * 51.139+ 3.250 *
CE CMCTS 92.039+ 1.021 90.238+ 2.207 90.379+ 0.134 59.904+ 4.085 * 36.582+ 0.697 *
SS CMCTS 91.638+ 1.551 93.089+ 0.236 93.620+ 0.663 74.913+ 1.386 * 67.064+ 1.118 *

T6T
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Table6.5: TheMDT (minutes) of suppositories made using CB, CE and SS containing 50 mg DcNa and 5 %w/w bioadhesive polymer (PVP,

CMCTYS).Asterisks indicate a significant difference MDTc o mpar ed t o

6freshIMeanp3Derm=ar ed 6

MDT (min)
Formulation
Refrigerated Room temperature
Freshly prepared
Base | Polymer 100 days 200 days 100 days 200 days
CB PVP 24.740+ 2.285 14.199+ 0.835 * 28.009+ 3.507 27.639+ 1.839 39.763+ 5.428 *
CE PVP 21.478 +1.932 18.757+ 1.437 24.159+ 0.955 106.426+ 16.754 * 93.973+£ 7.685 *
SS PVP 17.531+ 0.511 17.369+ 2.012 15.405+ 2.577 42.026x 5.608 * 32.946+ 3.310 *
CB CMCTS 20.001+ 2.660 26.794+ 3.816 39.124+ 2.632 * 52.453+% 2.684 * 112.75+ 6.897 *
CE CMCTS 24.616+ 3.082 27.098+ 2.320 25.317+£ 0.424 86.192+ 4.466 * 92.735+ 8.642 *
SS CMCTS 18.082+ 3.263 16.896+ 1.398 19.175+ 1.055 52.315+ 6.651 * 75.695+ 15.255 *

¢6T
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6.4 Conclusion

In general, suppositories which were stored at room tempeifatutg to 200 days
(accelerated aing conditions) resulted in: (1) compromised aesthetic values in terms
of loss of glossiness and increasing graininess; (2) inaeamsdting point; (3)
possible TAG separation suggested by the presence of new endothbeaks; (4)
higher solid fat content at 3T; (5) prolonged softening times; and (6) decreased rate
and amount of DcNa release. Such changes to the tested formulations were
unfavourable and could potentiallead to treatmenfailure in patients. Based on
stability studies conducted in this chapter, the suppositories tested were better suited
for storage in the refrigerator rather than at room temperature. There were no
conclusive finding of superior stdity at room temperature amongPKS and CB
formulaions tested as both exhibited notable changes in terms of thermal profiles and
drug release after subjection to the acceleratednggprocess. However, SS
suppositories appear to release DcNa more efficiently than CE suppositories after

being exposed tde same acceleratedeayy process.
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GENERAL CONCLUSION AND

FUTURE WORK
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7.1 General conclusion

There has been substantial interest inginidj alternative fat sources as suppository
bases du¢o the occurrence of up to spolymorphic forms in CB, one of the oldest
lipophilic bases used in manufacturing ebippositories(Loisel et al., 1998;
Marangoni and McGauley, 2003)he presence of various polymorphic forms and
rigid processing requirements weaehindrance to stability and storage well as
industrial scale upThe HPKS, which have long been used in the chocolate and
confectionary industry as CB substitutes in the coating of candies, caramel
centrdilling and manufacturing of chocolate bars were evaluated as a potential

alternative to CB for the manufacturing of suppositories.

The model drugDcNa, a nonsteroidal aatiflammatory drug (NSAID) has been
marketed for well over 30 yeaes oral tablets, suppiories,injectablesand topical
creams.Although not as popular as oral administration, suppositories may prove
valuable in conditions where patients are unable to swallow their medication or are
inaccessibleo a qualified caregiver foparenteraladminstration. In fact, a recent
study byvan der Marel et al. (2004) found tHatNa suppositories administered in
children undergoing tonsilectomy had higher relative bioavailability meeded a
shorter time toachieve maximum plasma concentration compatedoral enteric

coated tablets of equivalent doses.

This drug however, has been reported to undergo substantial first pass metabolism,
resulting in oral bioavailability of approximately 36 (Willis et al., 1979) Drugs
administered rectally may avoid the presystemicutation if absorbed in the lower

rectumwhich drains into the inferior and middle hemorrhoidal veins flowing directly
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into the systemic circulation, bypassing presystemic metabolism patlipiitss et

al., 2008; Kokate et al., 2006)

Therefore, this researdoughtto (1) evaluate HPKS as an alternative lipophilicda
and (2)charactese DcNa bioadhesive suppositories produbgdincorporation of
bioadhesive polymers (CBP, PVP, HPMC, CMCT&)producesuppositories which
preferentially be retained at thewer rectum, thus bypassipgesystemic metabolism

pathways.

The two HPKS used in this study (CE and SS) were found suitable lipophilic
suppository bases. They were comparable to CB in terms ofdhprofile, SFC, pH,
viscosity andDV but with added benefits of lesser polymorphic forms &s$ rigid
manufacturing requirementsThis study concluded that to manufacture CB
suppositories extemporaneously, the molten base shoutdhiogained between 34

0.5 °C during heating andllowed to cool slowly to between 224 °C to produce
suppositories with thdesirable formtA polymorph. Mblten CBshould not be placed
into a refrigerator before solidification is complete as it will result in rapid
crystallisation into the forn®2 polymorph. These rigid processing restrictions however,
were not relevant in HPKS. The HPKS allowed more manufacturiexjbflity

compared to CB.

Furthermore, the finished products (HPKS bioadhesive suppositories)deeneed
suitable for rectal administration aselting points were withirthe range 0f32.5
35.5 °C. The addition of bioadhesive polgns did not significanyl alter melting

point (less thantl °C) of the suppositorieand all formulations tested contained
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>95 % of the stipulated DcNa contenSoftening times recorded for all the
formulations were betweeri 3 minutes which wreacceptable for rectal drug release.
Viscosity of the molten suppositoriegere enhancedvith increasing amount of
bioadhesive polymers(CBP, PVP, HPMC, CMCTS) incorporated into the
formulation andhis may be beneficial for retention of suppositories withe lower

rectum by limiting its spread.

Apart from physical evaluation, the HPKS bases appeared to be comparable to CB in
terms of drug release capacity and could be good lipophilic base candidates-for fast
acting DcNa suppository formulations. Mathatical modelling of the data found that
DcNa release isuppositoriesvithout polymer wawia nornFickian diffusion kinetics
(KorsmeyerPeppas model)Addition of 1-5 %w/w HPMC, PVP and CMCTS to the
suppositoies did not alter the mechanism of DcNa rekasnd thesewere decent
candidates ofpolymers for development dbioadhesivesuppositories.However,
formulations added with -5 %w/w CBP significantly suppressed DcNa release
compared to their respective blanks (DcNa only suppositories). The addit@BRof

lead to considerable changenrorphology of molten suppositoduring dissolution

via gelling, resultingin a biphasic DcNa release process involving a rapid initial
diffusion and erosion process followed by a slow diffusion process across the CBP gel
layer. Furthermore, as CBP gels in the dissolution medium, it decreases the
environment pH whiclowers DcNa solubility, thus further retarding the release of

DcNa from the suppositories.

Evaluation of bioadhesive properties auppository formulations using the two

fabricatedin vitro methodsin current research found that formulations containing
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PVP exhibitel superior bioadhesion compared to the other polymers when subjected
to both the tensile and shear forces of detachment. This finding was promising for the
development of bioadhesive supmsitories. CBP displayed good bioadhesive
propertiesonly via tensile stress measurement while CMCTS showed appreciable
shear stress of bioadhesion. Conversely, HPMC exhibited poor bioadhesivity in both
tests and has limited role in the developtmainbioadhesive suppositoriealthough

both methods used were temperaturetsled to simulatein vivo conditions,
evaluation ofshear stress of bioadhesion is mbkely to reflect actualattachment

and detachment of a suppositamythe human rectunMeanwhile, olon mucosaand
regenerated celluk® membranes wemdso found to be good substitutefor rectal

membrane qualitative evaluation of bioadhesion in suppositories.

Only suppositories (CB, CE and SS) containing @& PVP and 3%w/w CMCTS

were sulected to stability assessment, whilgppositories containing-3 %w/w of

CBP and 15 %w/w HPMC were omitted fronfurther development due to their
limited benefit in the formulation of bioadhesive suppositoridse concentration
dependent suppression of DcNa release from CBP suppositories indicate that CBP
should only beused at the lowest possible concentrationltmer concentrations of

CBP (1 %w/w)exhibited poor bioadhesive properti¢PMC suppositorie®n the

other handdemonstrated poor bioadhesive properties at all concentrations {ested

5 %wi/w).

In general,suppositories stored at room temperature for up to 200 days (accelerated
ageing conditions) resulted in: (lgompromised aesthetic values in terms of loss of

glossiness and increasing graininess;irigjease in melting point; (3)ossible TAG
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separation wggested by the presence of new endothermic peaksjgdgr SFC at

37 °C; (5) prolonged softening times; an@)(decreased rate and amount of DcNa
release. Such changes to the tested formulations were unfavourable and could
potential lead to treatmentiliare in patients. Based on the stability studies conducted

in this study the suppositories tested mebetter suited for storage nefrigerator

rather than at room temperature. There were no conclusive fsaoirfgrmulations

with superior stability aroom temperature among the HPKS and CB formulations
tested as both exhibited notable changes in terms of thermal profiles and drug release
after subjection to the accelerated aging process. However, SS suppositoriesdappear
to release DcNa more efficigptthan CE suppositories after being exposed to the

same accelerated @gg process.

Among all the formulations developed and tested, SS suppositooisining

5 %w/w PVP appeadto be the mossuitable candidate for future development of
bioadhesive DcNa suppositorigsecause (1) it has less rigid manufacturing
requirements compared to CB; (Rglts rapidly at human body temperature; &)
not cause retardation of DcNa releam®d (4) exhibits good bioadhesive properties.
However, additional work is required fam vivo studies to evaluate the retention
capacity of the suppositories within the lower recta®m well as the actual

bioavailability of these bioadhesive suppositaries

7.2 Future work
The work described in this thesis has been concerned with characterisation of two
HPKS as an alternative suppository base to CB, as well as to develop bioadhesive

suppositories by incorporating bioadhesive polymers into the two HPKS. base
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number of prolems and challenges were encountered during the course of this work
which suggests research directions to be pursued for further development of a

bioadhesive suppository system

7.2.1 Evaluation of bioadhesive suppository migration in the rectum

The bulk of ths work has been focused on the development of methods to study
bioadhesion as well as evaluation of bioadhesive properties of suppository
formulations. However, further studies should be designed to investigate the
migration and disposition of these bibadive suppositories in the rectum compared
to conventional suppositories. One of the methods would be to administer
suppositories stained with brilliant blue to fasted Wistar rats. The rat rectums were
then excised and length of the coloured regions aieftk distance travelled by
suppositoriegYahagi et al., 1999)An alternative method which avoids sacrificial of
test subjects is by using gamwseintigraphy. Administration of uppositories
radiolabelled with technetium hydroxymethyldiphosphonat® Tc) into volunteers
would allow continuous observation of suppository migration along the human rectum

via external scintigraphgday et al., 1985; Sugito et al988)

7.2.2 Incorporation of DcNa-polymer granules

Incorporation of bioadhesive polymers in this study has been via a direct solid
dispersion in the sersiolid base. This was done to increase viscosity as well as to
adhere the base matrix to the lower rectém alternative for further investigation

would be to prepare bioadhesive granules containing drug and bioadhesive polymer
(PVP and CMCTS) for incorporation into the base. These bioadhesive granules can be

prepared using wet granulation methods simildh&b in manufacturing of tablets
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(Attama et al., 2000)This approach could improve adhesion of DcNa to the rectal

mucosa by concentratintge polymers around the DcNa granules

7.2.3 Introduction of synthetic cellulose membrane as alternative to

biological membranes
Current work has found that synthetic cellulose membranes were well correlated to
porcine colon and rectum membranes and couldpgmssible alternative to biological
membranes using the newly devised experimental setup for measurement of the shear
forces of bioadhesion. Further investigations should be conducted using other
biological and synthetic membranes to evaluate and validist@roposed correlation

between biological and synthetic membranes at different experimental parameters.

7.2.4 In vivo bioavailability studies

This work has evaluatedn vitro release of DcNa from the suppositories
comprehensively; however, furthir vivo evaluation using animal models or human
test subjects would provide a better depiction of the systemic bioavailability of DcNa
from bioadhesive suppositories. The pharmacokinetics and metabolism of DcNa in
Yucatan miniature pig€berle et al., 1994and ratgReiss et al., 1978yere similar

to man. While avoidance of first pass metabolism via the rectal route was
demonstrated in rabbit@urosawa et al., 19983nd rats(De Leede et al., 1983)
where bioavailability of drugencreased as the site of absorption was closer to the
anus. These observations were similar to that observed in man. Therefore, rats would
be a reasonable model fior vivo studies Aoyagi et al. (1988¥tudied bioavailability

of indomethacin suppository in rabbits and pigs by administering the suppository to

the fasted test subjects and plasma samples wihdrawn for analysis at specific
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intervals. Comparison of DcNa bioavailability between bioadhesive and conventional
suppositories would provide an indication of effectiveness in avoidance of first pass

metabolism provided by the addition of bioadhegpolymers.

There is clearly much work to be done in the development of a bioadhesive
suppository system. Perhaps, the most direct extension to this work is the evaluation
of bioadhesive suppository migration in the rectum post administration. Comparison
of shortlisted formulations from this work against conventional suppositories would

elucidate feasibility and practicality of a bioadhesive suppository.
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APPENDIX

Appendix1: Certificate of analysis of cocoa butter (CB).
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JB COCQCA SDN (sBHD

145874}

/ i LOT CP1, JALAN TANJUNG A/,
7 3 PELABUHAN TANJUNG PELEPAS,
N = 81560 GELANG PATAH, JOHOR,

MALAYSIA.
(- :‘QA Email: info@jbeocoa.com.my
. Ea TEL : (6)07-504 2888
FAX : (6)07-507 1388

Website: www.jbcocoa.com

Certificate of Analysis

Customer : School of Pharmacy Container No.

Date : 17/Jan/12 -

Product Type : Pure Prime Pressed Cocoa Butter

Product Code : JB100-PPP

Lot No. 1121085

Prod Date : 08/Jar/12 .

Expiry Date  : 2 years from date of manufacturing Product Weight/Count:

Invoice No 13004199 1 X25.00KG

Control Parameter Product Specification Test Results
121085

Physical Characteristic
Free Fatty Acid (%) 1.75 Max 1.68
lodine value 32-38 36.89
Moisture (%) 0.30 Max 0.01
Microbiological Characteristic
Total Plate Count per Gram _1,000 Max <100
Yeast & Mold per Gram g 50 Max <10
Enterobacteriaceae in 1 g Not detected Not Detected
Coliformin1g : Not dstected Not Detected
Eschericiacoliinl g _ Not detected Not Detected
Salmonella in 375 g Not detected Not Detected

These test result apply to an average sample taken from the goods when they leave the production plant.
They are analyzed according to the methods of analysis as described in in-house testing method.

Reported by, ' Verified by,
QA/QC Executive QA Manager/
Asst.QA Manager

Appendix2 : Certificate of analysis for Chocexa (CE).
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Tel: +60-7-2512 101 Fax: +60-7-2525 696

N

Date :16.08.2010

To Whom It May Conceri:

CERTIFICATE OF ANALYSIS

LAM SOON EDIBLE OILS SDN. BHD. (co.No: 14578-T)
Lot 10, Jalan Timah, P. O. Box 70, 81707 Pasir Gudang, Johore, Malaysia.

Product / Sample  -.,: ChocExa

Packing 11X 20kg ;

Analysis Results:

Tree Fatty Acid (as Lauric) 0.02 %

Colour (5.25” Lovibond Cell) Red 0.1

Moisture & Impurities 0.04 %

lodine Value (wijs) 0.4

Saponification Value 250

Slip Melting Point (AGCS Ce 3-25) 350°C F

Solid Fat Content (N-Value) '
20°C 95.8 %
30°C 491 %
35°C 44 %

For Lam Soon Edible Otls Sdu. Bhd.
LE Lok

LE Loh
Food Technologist
Quality Management and Research Department
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Appendix3 : Certificate of analysis for Supersocol&gecial™ (SS).

Cargill

CERTIFICATE OF ANALYSES

DATE : Jan 13th 2011 REPORT NO : $11-012

COMPANY : University of Nottingham Malaysia Campus
School of Pharmacy
Jalan Broga, 43500 Semenyih, Selangor

ATTN : Dr Tung Wai Hau

PRODUCT / BRAND : SUPER SOCOLATE SPECIAL QUANTITY 1 X 2KG
GENERIC NAME $ RBD HYDROGENATED PK STEARIN

BATCH/TANK NO : 10100120021

ANALYSES RESULTS.

PARAMETERS METHOD SPECS. RESULTS
FREE FATTY ACIDS (AS % C12) A.0.C.S. Ca 5a2-40 0.1 Max 0.023
IODINE VALUE (WIJ'S METHOD) A.0.C.S. Cd 1b-92 1.0 Max 0.29
COLOR (5.25" LOVIBOND CELL) PORIM P4.1 1.0 Red Max 0.6 Red
MOISTURE & IMPURITIES (%) A.0.C.S. Ca 2b-38 0.1 Max 0.029
SLIP MELTING POINT (DEG C) A.0.C.8.Cc3-25 33.5-35.5 34.6
FLAVOUR SENSORY BLAND Typical
ODOUR SENSORY BLAND Typical
DIRT TEST FILTER TEST GRADE 7 Passed

Cargiil Palm Products Sdn. Bhd.
(45403-W)

F
2dedd %ﬁ 5

Lab QC

Cargill Palm Products Sdn. Bhd. (Reg. No. 45493-W) 167, Jalan Kem, 42000 Port Kiang, Tel : +603 3165 3888
Selangor Darul Ehsan, Malaysia Fax : +603 3168 6546
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Appendix4 : Certificate of analysis for diclofenac sodium (DcNa).
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