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ABSTRACT

Targeting drug delivery intthe colon is highly desirabkth many advantagescludinglocal
treatment of a variety of bowel diseasasd systemiaelivery of protein and peptie drugs.
Research studies propose the use of resistant starch to serpartof a targeted drug delivery

system to the colonvhere it gesdigested by the locdlacterial enzymes.

Qonsidering thisiaturalphenomenonin this studyl e f f * s r @ $as beeraenaluatedt a r
as a film coating materidbr colontargeted drug delivery systef€CTDDSpr the first time.
Teff Eragrostis tefis a native cereal crop widely grown in Ethioftihas 73 % carbohydrates

and out of the total starch around 30 %riesistant starch

The whole workncludesthe main steps of extractioaf starch from teff and resistant starch
from the total starch preparation ofa film coating materialusing the resistant starcand
coating a sampléablet with the film-forming mderial, finally testing the filrcoated tablet if
it could pass the upper Gliitact to releasethe drug in the colon under simulatad viro

conditions.

Different methods were used to achiewxke above objectives includingfhe methods by
Bultosaet al. (2002) and Gebrdariam and Schmidt, (1998) for total starch isolation. While
in the isolation oRSthe AOAC official method 2002.@2dfor the tablet coating process the
method described bgiewet al, (2000 wasused.

In the preparation of thdilm coating material from theaesistant starctfor CTDDSecause
of resistant starctd o mi nant part amyl ose’ s pconmtpcewith y of
water, a waterinsoluble polymerEthylcellulose EG was used and managed to control the

premature fim dissolution before reaching the colon.

To get theoptimum combination of amylose anBCfor afilm coating solution, their different
ratios andfilm thicknes (expressed in percentage total weight gafrthe table) have been
prepared and testedin a smulated gastrointestinal condition as per the standard

pharmacoeia ofthe model drug, Metronidazole tablet.

A%



In the study,as per the result of dissolution and fermentation datiae best film material
proportions of amylose to EC anithe correspondinghicknesssin percentage total weight
gainidentified were;the ratio of 1:1 with thickess6%, ratio of 1:2 with thickness 4 % and 6%
and finally ratio of 1:3 with thickness 2% and 4%. These found to be the optimum film
thicknesgsand combination bthe film coating materials to release the drug in the colon but

not in the upper GIT.

The reason behind thsite selected(targeted) drugreleaseof the film material is due to
bacterid enzymedigestion of the RS component of the fitnatin the colon The digestion of
RSproduces pores through the EGcaffoldof the film which brings a release othe drug

content of the coated tablebnlyin the colonwhere thesebacteria reside.

Based onthe aboveesulta f i | m coati ng mat egistaa btarclcoumdm t h e

beisolated,preparedand evaluated to use it asCTDD® the pharmaceutical industry

Key words: Amylose, Colon targeted drug delivery, Ethylcellul@ajmization of amylose,
Resistant starchleff Eragrostis tef
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1. INTRODUCTION

1.1 TeffPant(Eragrostis tgf

Teffis a tropical cereal that originated in Ethiopia between 4000 and 1000 BC. Teff is a low
risk cereal that grows over a wider ecology and can tolerate harsh environmental conditions
where most other cereals atess viable, and it shows better tolerance to matgnt diseases

and pestgBultosaet al.,2003; Assefaet al.,2015;Gizawet al.,2018)

The seeds of the téplant areamong the smallest of cerealgan average length of ~ 1 mamd
width of ~0.6 mm). The average thousand kernekightof 13 varieties ofeff grain is0.264 g
which isonly 0.6-0.8% of the total mass of a wheat grain. Because of thi§,giainsare
difficult to decorticaterather it is milled intowhole-grain flour. This results inrauch higher
content of fiber and other nutrients such as mineralgitamins and bioactive phenolic
compounds than most other cereaBelayet al.,2009 Gebremarianet al.,2014).The color

of teff can vary from white (ivory) to dark brown (black) depe&wgdon the varietyFig.1.1. In
Ethiopia, three major categories can be identified: whiteedl), red Quey) and mixed
(Sergegna It is also common for the locals to further subdivide white teff into very white

(magna and white fiech althoughit isexpcsed tosubjectiveness(Bultosa, 2007Baye, 2014

Gebremarianet al.,2014)

(a) (b) (€) (d)
Figurel-1. Teff Eragrostis tef The grass plant), harvesting(b), its white (c)and brown
seed (d) (UCS015

Unlike other cereals such as maize and wheat, the productivity ofste#ry low. In spitef

the low yields Teff has the largest shad area (23.42%, 2.6 million hectares) under cereal
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cultivation and third (after maize and wheat) in terms of grain production (18.57%n#Bic&n
quintals) in Ethiopian 2014. The principal use of teff graifor human food is theethiopian
breadenjerra, a soft porous thin pancake with a sour tasted for the traditional alcoholic
drink tela. Enjerrais made from flour, waterand starterersha Ershois a fluid saved froma

previouslyfermented doughBultosaet al.,2002;Assefeet al.,2015; Mezemr S,2015).

Teffis also gaining poparity as a health food in theegtern world, notably in the Netherlands
andtheUSAand its flour i s bec omutendreedietpandesfasport e d
food, and alsofor its content ofthe slowly digestible starchg&ebremariamet al., 2013)

Miller D, (2010) andsirmaet al., (2015) have shown that teff is gluteAfree that can provide

an alternative foodsource for people with @eliac diseasalso known as aeliac sprueor

gluten-sensitiveenteropathy.

Teff has an attractive nutritional profil@able 1.1)being high in dietarjiber, iron, calcium
and carbohydratelt also has high levels of phosphorus, copper, aluminum, barium, thiamine
and excellent composition of amino acids essential for hunf{bageret al., 2013 Girmaet

al., 2015;Gizawet al.,2018)

Table 11: Nutritional value ofeff (By USDA, United States Department of Agriculture Research
Service) (USDA, 2015)

Nutrients Unit One value per 100 g
Carbohydrate g 73.13
Protein g 13.

Tot al Lipid (fat) g 2.38
Mi nerals (Ca, Mg , g 1.25
Vitamins g 0. 005
Waed r g 8.82
Energy Kcal 367




Ofthe total starchin teff, approximately20-40%isr ef er r ed t o alsecausdtesi st a
is not converted into glucose by the digestive systdt#owever, it has been found thakis
resistant carbohydratas used asa food by colonic flora, Bifidobacterium hence it gets

digested ultimatelUS PAP 2006

1.2 Starch andResistant Starch

Starch isa polymer made bygreen plantsto store energy.lt is not only the most vital
carbohydrate in the human diet but the abundaorte in the plant worldnext tocellulose This
carbohydratetype is made up of glucose unitémonosaccharides)inked together bya
glycosididond. Plants store glucose apolysaccharide starch. They do not store all of their
starch in the same way, hawver, and for this reason, whole food sources of starch have a
variety of starches that is made up of twpolymers of Bglucose(structural components)
namely; Amylopectin andmylose Depending on the plardourcethe two forms present at
different ratios mostly starch contains20 to 25% amylose and 75 to 80% amylopectin
(Tharanathan, 200%armakaret al.,2014).

The first of these varietiegmylopectinwith a molecular mass 1@ 10° g/mole, is typically

the most abundanione. Amylopectin has chainsfo [ol - 4 ] l i nked glucose
hi ghly branche@lst6lctura dheiaimyof & iregkigsl.2) i k e
Branchingoccurs every 24 to 30 glucose unit$ree branches serve the purpose of creating

more surface area, and the bramog arms of amylopectin do the same. All that surface area
exposes the molecule to digestive enzymes which, in both plants and humans, allows

amylopectin to beeasilyconverted back to sugar.
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Figurel-2: Chain structure of Amylopectin

The second primary form of starchmylosewith a molecular mass of 2@ 10° g/mol., lacks
the branches possessed by its sister molecule amylopeé&xteptfor some amylose
moleculesthat may have about 0.3.5% ofa [ 1 linka§gs (branches)lhe anylose

unbrancheda[ 1 - 4] | i nnoesimilarto a lcaee ree itrinkFig.1.3). Tree trunks
are solid and strong, as is amylose. The tight structure of this molpcegents less surta

area for digestive enzymes to atfato and because of thiamyloseis calledresistant starch
(RS)to mean itresistsenzymaticdigestion.Both fornms of these polymersexst in varying
proportion in starch bearing plantsdence,in those types ofstarch which are resistant to

digestion amyloseisthe portion that makes thena RSSajilataet al.,2006;Karrout Y, 2008

a - (1>4) - linkage

6
H,OH CH,OH
H (@) H
H
o H
HO
H OH

Figurel-3 Chain structure of Amylose

In water, atincreased temperaturesstarch undergoesgelatinizationfollowed by amylase
induced hydrolysis. Owing to this, it is completely digested in the gastrointestanl of
humans. Alsparaw starch of some plant species, ecgreals, is subject toomplete but slow
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digestion Asmentionedabovestarch may occur in the form incapable of enzymatic hydrolysis,
referred t o asYetAmglaseissnat thenanly tgpe af RS dndmnall forms of

amylose are resistant to digestion in the upper.GIT

Based on the extent of digestibility of the starch, the following classification theds/o main
groups of starch Digestible ornonresistantstarch and RSwhich themselves havéheir

subgroups

Digestible starches: These include the starches digestidly body enzymes, namely the
rapidly digestible starches (RDS) and the slowly digestible starchegE§DE))RDS consists
mainly of amorphous and dispersed starch, found in high amounts in starchy foods cooked by
moist heat. It is measured chemidsl as the sarch, which is converted to theonstituent
glucose molecules in 20 min of enzyme digestioke RDS, SDS is expected to be completely
digested in the small intestine, but for one reason or another, it is digested more slovgly.
measured hemically as starch converted to glucose after a furti®@0 min of enzyme

digestion.

DS=RDS SDS......i s i Eq. 1. 1.

Resistant starch The term ®“resi stant BEnglystetalh (1982 s f i r s
describe a small fraction of stehthatwasresistat t o hydr ol y-amylesebngd e x h a
pullulanaseenzymestreatment in vitro. RS is the starch not hydrolyzed afte20 min of

incubation. However, becausestarch reachingthe large intestine maybe more or less
fermentedby thegut microflora, RS is now defined‘asl Isuenof dietary starchand product

of starch degradatiopwhich escapes digestion in the small intestfidealthy individual$ It

is measured chemically as the difference between total starch (Tdtained from
homogenized and chemically treated sample ahd sum of RDS and SEgs. 1.2, 1.3)

generated from norfhomogenized foodsamplesby enzyme digestion_észczyfiski W, 2004

Sajilataet al.,2006).

RS = TS(RDS + SDS)...ee vttt oo e eee e, Eq. 1. 2.



RSETS DSt oot e eeeee e, Eq..13.

Four main subtypes dRSh av e b e e n based enthé striiceui orthe sourceas

described below

Resistant starch Type | — Physicallynaccessiblestarch i.e, starch bound byindigestible plant
cell walls found in bens,in not completely ground cereal graand seedsilt is unavailable to
amylolytic enzymessince the gastrointestinal tract lacksnzymescapable of degrading
cellulose, hemicellulosedéignin, and other constituents of plant cell walls. Therefoseich
starch together with fragments of platissue passethe small intestine in the intact forrRS

1is heat stable in mostormal cooking operationdHomayounket al.,2014).

Resistant starch Typk ¢ Starch that isntrinsically indigestible granuia the raw stateor and
due to its high amylose contemtith highly crystalline structuregfound n potatoes, bananas,
andplantains.RS 2may bedivided irto two subtypes RS 2a the uncooked starch and RS 2b

the high amylose staraproup. ype 2aRS becomesccessible upon heating.

The phenomenon of raw starch resistan the activity of amylolytic enzymes has not been
fully explored Yet in raw starch granules, starch is tightly packed in a radial pattern and is
relatively dehydrated. This compastructure limits the accessibility of digestive enzymes,
various amylases, and accounts for the resistant nature aiffi@8latinized starcfRoseet al.,

2010 Homayounkt al.,2014).

Resistant starch Type H Retrogradedstarch, i.e, spontaneouslyor artifically-precipitated
from starch pasteor starch geloccurring in the form of watemnsoluble semicrystalline
structuresin the retrogradation processvhen some starches have been cooked, cooling them
(fridge or freezer) changes the structure and makemate resistant to digestion; found in
cooked anccooled potatoes, grains, and beaS3 represents the mosRSfraction of all RS

and is mainly retrograded amylose formed durthg cooling of gelatinized starch.

Amylosein solution crystallizes readilthe phenomenon known as retrogradati@nd hgher
resistance is displayed by retrograded amylose than the products of amylopectin
6



retrogradation. It resultsfrom considerably higherthermo-stability of the crystalline
structures of retrograded amylosegompared to thoseformed upon retrogradation of

amylopectin.

RS 3esists both dispersion by boiling and enzyme digestion. It can only be dispersed with KOH
or dimethyl sulphoxide It is also entirely resistant to digestion by pancreatic amylases

(Homayauni et al.,2014).

Resistant starch Type IV Industrial RS type 4 RS doesot occur naturally and has been

chemically modifi edngizegR»>»mmonly found in “hi

R4 is the RS whereavel cle mi ¢ a | b o n d-§1-4)taiilesy aretfohmed Madified
starches obtained by various typed chemical treatments are included in this categdfpr
example; getylated starch of papilionaceoptants(aleguminous plantjs characterized by a
relatively high degree ofesistanceto the activity of amylolytic enzymes. Simifaioperties
are displayed bythe starch of papilionaceous plantmodified by hydroxypropylation
(Leszczyfiski W, 2004artzell and Rose, 2011).

1.3 The physiologic effects of RS

Thephysiologic effects dRShave beerstudied during the past 30 years in animals andan

beingsand include health effects in the large intestiaed somesystemic effects.

RS'esalhh h benefits i nncludd enhahcedrferneentation tardslaxatigne
increaseduptake of minerals such as calciuohanges it he mi cr oflortlat ¢c o mp o
includes increasedbifidobacterium and reduced pathogen level§Murphy et al., 2008).

Bi fi d o b arehurean cobonic bacterighat ferment RS to shorthain fatty acidsnainly,

acdate, propionate,butyrate and to gasesShortchain fatty acidsstimulate colonic blood

flow and fluid and electrolyte uptak& ut yr at e 1 s ctheprone anergyls@ice u s e |
of our colonic celland reduced pathogen levelgshich are responsible fothe favorable

selection of intestinal microflora, reduce the levels of cholesterol, triglycerided urea in



blood, as well aprevent the formation of gl cancer. It alsgeduces symptoms of diarrhea

(Toppingand Clifton 2001;LeszczyfiskR004.

Systemic effects involy@asma glucose andsulin insulin sensitivity, and fattgcid oxidation
Consumption of a meal high iRSdecreases peak insulin arglucose concentrationsRS
supplementationinfluencesblood lipid concentrationsand glucosecontrol in overweight

subjects RS has “second meal effe€tameal s abi l ity to di minish
carbohydrates eaten during the following meklilalsoimproves insulin sensitivity in siggts

with the metabolic syndromglype IIDiabetesMurphy et al.,2008;Johnstoret al.,2010.

1.4 Starch andRSas Pharmaceuticékcipient

Excipients are pharmaceutical additives, the inactimgrediens usedto make up a
medication.According to lhe InternationalPharmaceuticaExcipientCouncil,excipient is* A n y
substance other than active drug or pdoug thatis included in the manufacturing process or

is contained inf i ni shed phar mac e TheiUSPhdrmaacbmosiaNgtienalf or ms ”
formulary USANE (2007) categorizesxcipients according to the functions they perform in

the formulations e.gbinders, disintegrantsetc. Choosinghe right excipients can make all the
difference in theefficient producton of robustpharmaceutical dosage fornfdbranteset al.,

2016; Bari., 2019)

Excipients play a very important role in the design of dosage forms. Though there are number
of excipients availablestill there is a needor more excipients with varied chacteristics. This

is because othe introduction of novel drug delivery systems and new drug moieties.
Excipientsused inthe pharmaceutical industry shoulek GenerallyRecognized asafe (GRAS)

by FDAchemically stable anidee from viable micreorganisns including pathogen&usuma

et al.,2014).

Starchgranulesproduced by each plant have specific structures and composifionmstance
the length d glucose chains or the anmge toamylopectin ratio)Starch granulealso contain

small quantities ofproteins, fatty acidsandmi n e r a | siende hha propertresl othe



starch.Therefore, starch can have different industrial uslepending orits source which is

the agriculturalraw materialit was extractedrom.

In pharmaceutical technologtarch appearsndispensable int$ applicationasan excipient
in severadosage formslts traditional role asa disintegrantor diluent is giving way wardsa
more modern role as drug carrier; thiberapeutic effect of the starcladsorbed or starch
encapsulated or starchonjugated duglargely depends on the type of starehquestion As

a natural polymer that caaasilybe modified, it ishighly stable, safandnon-toxic. Inaddition,
starchisbiocompatibleandbiodegradable These properties of starch makestill suitable for
human usein designingadvanceddrug deliverysystens as in some targeted drug delivery
systems in addition to its use in conventional dosage forms(Chen et al., 2007
AGROSYNERGIE, 20&madevan and Bertoft, 2015

As it hasbeen mentioned above, stahncis chemically composed of two parts, amylgde
dominant partin RS)and amylopectin. In using starch asexcipient, the amylose content is
responsible for its film forming, gelling as well as binding prapertvhereas amylopectin is
responsiblefor the high viscosity. Botlproperties are useful in food and pharmaceutical
industries(Nutan, 2004; Satyart al.,2010).

1.5 TargetedDrug Delivery

Targeted drug delivery, also known as smart drug delivery, is a methddigfdeliverythat
involves concerirating the drug in one or few body parts in comparison to others. Drug
delivery vehicles transport the drug either within or in theinity ofthe target (Aulton, 2007).

This improveshe efficacy of thedrug while reducing side effects.h e d r upgutisindéxh e r a
as measured by its pharmacological response sai@ty, relieson the access and specific
introduction of the drug with its candidate receptor, whilst minimizing its introdostwith
non-target tissue.The desired differential distributionféhe drug, its targeted deliverywould

spare the rest of the bodgind thus significantly reduce the overall toxicipile maintaining

its therapeutic benefits



Delivering a drug to a specific organ or tiss(iee. spatial placementand/ or controllingthe
rate of drugto bedeliveredto the actingsite (i.e.temporal deliveryare the two main aspects

of a targeteddrug delivery systerfManish and Vimuktg2011)

The main easons that brought the demarfdr targeted drug delivery system are:

U PharmaceutalreasonsDruginstability andiow solubility

U Pharmacokinetic reason®oor absorptiomrand overcoming barriers like blood brain
barrier, Shorthalf-life and Large volume of distribution

U Pharmacodynamics reasohow specificityLow Therapeutic indeand reduction of

unnecessary exposure of other body parts where the drug is not required

Targeted drug delivery system gives these advantages; Increased specific localization or the
delivery of drug in its intact form as close as possible to the targes,dibhcrease treatment
efficacy, controlled biodistribution, modulated pharmacokineticsimproved patiem
compliance, decreased toxic side effects and decreased frequency of administration or a

reduced dose as a result a decreased cost of dfftiggenceand Attwood,2008 Jones2008).

Drug t ar get i ringiffaremtpastpobticeibddy regeiiies défarent delivery systems
depending on the drug delivery route selected. Accordingly, based on the various targeting
site, targeted drug delivery codlbe classified as a method that targée respiratory tract,

the brain,andthe GIT.Again under GIT, there are drug delivery systems that target stomach
or duodenum, the small intestine, the lymphatic systems and the systemt#ngets the

colon,whichis the focus of the present research (Mahajahal.,2007; Bae and Park, 2011).

1.5.1 Colontargeted drug ckliverysystem

CTDDSs capable of protecting the drugll the way to the colon i.e,, drug release and
absorptiondo not occur in the stomach asell asin the small intestine, andhe bioactive
agentis not degraded in either of the dissolution sites but only released alosbrbed once

the system reaches the colon
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The delivery of drugs to the colonight be importantwhenlocal effect is valuable a variety

of conditions likan inflammatory bowel diseasel8D(e.g., Ulcerative colittlCa nd Gr o h n’
diseaseCD,| r r i t a lsly @ d b IBSwa Infectious diseaseand colon cancerffor local
treatment of colonic pathologies, anelven forsystemiadelivery of protein angbeptide drugs

as shown in dble 1.2 (Aulton, 2007, Karrout Y, 20085adhaveet al.,2017)

Table 12: Colon targeting diseases, drugs and sitg®hilip et. al., 2010; Sreelatha and
Brahma, 2013).

Target sites Diseases Drugs

¢2LIAOFE F(BOBUO, | BS. Hydr ocoPrt e dmins
Sul f asMd aali aazi,
Mer capt.opur i ne

Amebi asi s Met r on iTd anzi odl aez,
Al bendeadelnd,a zI
[ 201t | OG/’PancreaCygsftibooginsDi geshiyme
Chr pmincreatiti ssuppl ement s.

Col orceamtceelr 55kH uorouracil
{@a0GSYAO I To pr eveinrtr igtaastti NSAI DS

To pr evpeansts fmerbshk St er oi ds
orally admini st

Or al depleipvteirdye so | nsul i n

Oral de&dcoiengso Typhoid

Ingested materialshave longer residence timen the colon and colon appears highly
responsible to agents that enhance thésorption of poorly absorbable drugs the upper
GIT Also,i t d saitabde absorption site for peptideand protein drugswith the following

reasons,

a) Less diversityand intensity of digestivenzymes
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b) Comparative proteolytic activity of colon mucosanmich less than that laserved in
the small intestine, thu€TDDSprotects peptide drugsdm hydrolysis, and enzymatic
degradationin duodenum and jejunum, and ertually releases the drug inieum or
colon which leads torgater systemic bioavailability; and

c) Hnally,the colon ability of allowinglongest residence timefor materials inthe GIT
and is highly responsinessto absorption enhancerg-lorence and Attwood, 2008

Karrout Y, 2008Gadhaveet al.,2017)

Allthe advantages thahave beemmentioned previoudy (sectionl.5, Targeted drug delivejy

arealsothe advantages o€ TDDSyet, CTDD®as got the followindimitations.

1. Multiple manufacturing stepsa higher need ér excipients anda large number of
process variables

2. Lack of manufacturingeproducibility and efficagy

3. The reed for advancedechnology and skilled persael for manufacturinga drug for
CIDDS

4. Incomplete release of drug arldw dose loadingand

5. Lowering of bioavailability due tthe binding of drugs to intestinal content§lones

,2008 Amritpalet al.,2014).

1.5.1.1 Factors hfluencinghe CTDI3

The CTDDR primarily affected bytwo main factors AnatomicatPhysiological factorand
Pharmaceuticafactors. It would be obligatory taconsiderboth to attain the desiredcolon

targeted formulation.

1.5.1.1.1 Anatomical andPhysiological factors

The human large intestine is approxitely 1.5 m long andforms the colon (ascending,
transverse, descendingnd sigmoid colonFig.1.6.), with asmall distal part forming the
rectum. The colon i5-7 cmin diameter, and its lumen is lined with mucus. The physiology of

the colon differs sigificantly from othersegments of the GITAppendixll c). Moreover, the
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physiology andthe physical properties of the colonic contents also differ betweka
ascending, transverse, descending, and sigmoidal cBlesidesthere exists variability ithe
movement of food andlosage forms across the colon, which may present a challeripe in

development ofcolonic drug delivery systeni&upga et al.,2011;Amidonet al.,2015)

Esophagus &

Duodenum

Transverse
Colon ™

Ascendmg‘[ A
Colon it

Cecum —«i | \::5

Ileum —

Appendix ’// Rv/

Sigmoid Colon ™ Rectum
Anus

™~ Stomach

Large Bowel

Small Bowel

Descending

Colon
Jejunum

Figurel-4: Diagram of varias regions in gastrointestinal tract

The average human food intake is approximately 1.5 kg/day and mainly consists of undigested
proteins, carbohydratesand fats. These food components may serve as substratethdor
microbial enzymes in the colofhe cton has a highvater-absorbing capacity and can absorb
around90% of the wateentering the colonThe colonic fluid volume is calculatixbe in the

range of +44 ml with an average volume approximately 13 mIDwe to this low volume of
colonicfluids, the dissolution of drugs from the dosage forms becordeallenging and may

affect the local drug bioavailabilifpta et al.,2011).
The otherdetermining factorsare;

a) Gastric emptyin@nd boweltransittime
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One of the major determinant®f the absorpion of compoung from the colon isthe
residence of formulation in some particular segment of the colon. The transit time in the small

intestine is reported to be quite consistent than the stomach #relcolon.

Sze, disease conditioand food intakeare the one that varythe emptying and transitime
itself. Thesize of the particles influences the colwansit when dosage forms reach the colon.
Small particlegpassthrough the colonic region more slowly than the larger umiarrhea
patients have shodr transit time whereas constipation patients have longer transit times. In
a fed state the gastric emping is larger than fastingtate. These are shown ifable 1.3 (Jones

2008 Amritpalet al.,2014).

b) pH of colon

Inter- and intrasubject variationsn gastrointestinal tract pH ameported. Diet, diseased state
and food intake influence the pH of tigastrointestinal fluidThis change in the pH in difent
parts of GIT by itself beote the basis for thelevelopment of pi dependent colon targeted
drug delivery systemg&oating with different polymers (responsive to the pH)gedto target
the drug to the siteThe average pH values in different regointhe human Gl tact are given
in Table 13 (Amritpalet al.,2014; Prathapet al.,2014)

c) Colonc microflora and enzymes

A large number of anaerobic and aerobacteria are present in the entire length of theman
Gl tract. Intestinal enzymes are usedttmger drug release in various parts of thetfalt.
Usually, these enzymes are derived frgat microflora residing in high numbers in tbelon.
These enzymes are used to degramatings or matrices as well as to brdasnds between
an inert carrier and an activagent (i.e..the release of a drug from prodrug).Over 400
distinct bacterialspecieshave been found 230% of which are of thgenus bacteroids. The
concentration of bacterian the human colon is arountl000 CFU/ml(colonyforming units
per milliliter). The most important anaerobic bacteria aiacteroides, Bifidobacterium,

Eubaterium, Peptococcus, PeptostreptococcusRuminococcus and Clostridium The
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abundanceof bacteroidsmakes colon a good candidate fBacterial enzyme dependent
targeted drug delivery systelfsection 15.1.2) Table1l.3 comparesthe estimated number of

microorganismsn GIT(Sarangi and Padhi, 201Sreelatha and Brahma 2013

Table 13: Different GIT parts and varying factor&olt et al., 2012; Amritpal et al., 2014)

No. GIT GIT segment Length Surface pH Transit  Micro-
segment Sub part (m) area time (h) organisms
Main part (m,2)

1 Stomach 0.2 0.1 1-2 102
Fasted 1.52
condition
Fed state 3-5

2 Small 3 34
intestine

Duodenum 0.25 0.1 565 2 10
Jejunum 1 6 6-75 1.5 10’ 5
lleum 3 6 6.4 15 10 7
3 Large 0.5 15 0.3 >12 >10" 1
intestine

Ascending 0.20 6.4

(proximal) colon  0.25

Transverse colon 0.40- 6.6
0.45

Descending colon 0.10 7
0.15

4 Rectal Recto Sigmoid R.0.12 7 >12

&R.S
0.40

1.5.1.1.2 Pharmaceutical factors

a) Drug candidates

Drugs which show poor absorption from the stomach and intestine including peptide are most

suitable for CTDDS. The dsugsed in the treatment of IBD, Diarrhea, and Colon caacer
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ideal candidates fdocal colon delivery. Table 1shhows the criteria to dect a drug for CTDDS

(Mukeshet al.,2013;Sreelatha and Brahma013).

Table 14: Criteria for selection of drugs for CT{PHhilipet al.,2010; Kolet al.,2012; Prasanth

et al.,2012)
Criteria Pharmacological Non-peptide drugs  Peptide drugs
class
Drugs used for local Anti-inflammatory  Ibuprofen 5-Amino-  Amylin, Antisense
effects incolon against drugs salicylic acid Oligonucleotide
GIT diseases hydrocortisone
Drugs poorly absorbed Antihypertensive Oxyprenolol, Epoetin, Glucagon
from upper GIT andantianginal Metoprolol,
drugs Nifedipine
Isosorbides
Theophylline
Drugs for colon cancer Antineoplastic drugs Bromophenaramine, Cyclosporine,
5-Flourouracil, Desmopressin
Doxorubicin
Drugs that degrade in  Peptides and Bleomycin Gonadoreline, Insulin,
stomach and small proteins Interferons
intestine
Drugs that undergo Nitroglycerin and Nicotine Protirelin,Sermorelin,
extensivefirst pass corticosteroids hydrocortisone Saloatonin
metabolism
Drugs for targeting Antiarthritic and Prednisolone, Somatropin, Urotoilitin
antiasthamatic drugs Pseudoephedrine,
Theophylline

b) Drug carriers

The selection of carrier for a particular drug candidate depends on the physiochemical nature
of the drug as well as the disease for which #ystem is to be used. The factors such as
chemical nature, stability and partition coefficient of drug and the type of absorption
enhancers chosen influence the carrier selection. Moreover, the choice of drug carrier
depends on the functional groups of tlileug molecule. The carriers which contain additives
like polymers (may be used as matrices and hydrogels as coating agents) may influence the
release propeiies and efficacy of the systerfidukeshet al.,2013;Amritpalet al.,2014)
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c) Formulation Factors

The formulation factors that influence colonic drug delivery and bioavailability include the
physicochemical properties of the drugs, the dose, and the dosage form factors. Due to the
lower amount (1-44 mlor an average of 13 mbf colonic fluid availae for dissolution, the

solubility and the dose of a drug become important factors for its colonic bioavailability.

1.5.1.2 Strategies for CTDDS

In generalsix primary approachesdave been proposed for targeted colon delivery systems,

namely,

i.  Transit timedeperdentCDDS
ii. pHdependentDDS
iii. pH and timedependentCDDS
iv. Bacterial enzyme&lependentCDDS
a. Prodrug based system
b. Coating and matricesaBed system
v. pH and bacterial enzymaependent colonic DDS
vi.  Osmotic pressure controlleddDSSarangi and Padhi, 2015

The pesent work is a bacterignzymedependent CTDDS based on RS as a coating material.

1.5.1.3 Resistanttarch asCTDDS

Many research studiesuggest the expanded utilizatioof starchinto the pharmaceutical
industry where RS can serve as a part of a drug delsystgm to the colonChenet al. 007)
formulated a novel tablet of protein drug matrix for colon targeting usifgas a carrier
prepared bypre-gelatinization and crosknking of starchAn oral colorargeting controlled
release system basl onRSacetate as a filmcoating material has been developedByet al.
(2011). Films fromRSpectin dispersions intended for colordeug deliveryby Meneguinet al.
(2014 was the other experiment that blencetrograded starchwith pectin as aispersion
film-forming material Also, \arious other uses of stardhased drug delivery system for colon
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targeting has been reporte@Satyamet al., 2010 Pu et al., 2011; Kittipongpatana Cand
Kittipongpatana N2014)

In each of the findings o me modi f i c a8 amylose oraptimizatior witR &her
additives like acetate andthylcellulosehave been mandatory. Becausesing amylose alone
in a film coating has the disadvantage of swelling in aqueous media and subsequent

accelerated dug releasgKarrout Y, 2008).

Similarly, in this work of designingafitno at ed t abl et as a CTDDS
optimization of the amylose of the RS with another polynethylcellulos@ was obligatory

and had been done.

1.5.2 Tablet CoatingndPolymerc FilmCoating
1.5.2.1 Tabletcoating

Tablet coating is the application of coating material to a moving bed of tablets with the
concurrent use of heated air to facilitatbe evaporation of the solveniThe coating is done
to perform a specific function or tget the benefits and progrties to the dosagéorm over

the uncoated varietyHussaret al.,2012)

In amodern tablet coating syem, the coating equipment combines several components.

These area @wating pan, a spraying system, an air handling unit and a dust collector

Though the main coating process types are thréélm coating, Sugar coatingnd Press
coating; thereare also other methods like Microencapsulation, Dry coating, Melting coating,

Dip coatingetc. (Ankitet al.,2012).

1.5.2.2 Film coating

Film coating is an approatth coat the surface of a solid dosage form, such as tablets, capsules,
or pellets by surrounding them with a thin layer of stabldypeeric filmforming materials A
great number of polymers available for coating ensure different dissolution profileth thii

optimal choice of filrforming materials, the possibility that the coating could dissolvéher
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drug to berevealed in the desired part of the GIT is provided, therefore the rate and the place

of the drug release can be influenc@degyeset al.,2014).

Film coating has the advantage of becoming a single step proceselstively short period
of time. This single steprocess involves mixing the fitfarming solution (polymer, solvent,
plasticizer, and colorant) and spraying it on to a rotataigjet bed followed by drying, which
facilitates the removal of the solvent leaving behind the deposition of a thin film of coating
materials (Fig. 1.5). The film formation mechanisms may depend on the type of coating

formulation i.e, aqueous versus orgéc solvent usedMelegari, 2018

Spraying Wetting Recrystallisation Coated particle

N

Particle

il £ g
Coating droplets i farmation

Figurel-5: The mechanism of film formati¢hlegyesi et al., 2014)

In addition to the content of the filafiorming solution, Film coating is also governed by the
following film coating process parametentating speed of the parflowrate of the coating
solution or spraying air pressure, the distance and angle of the spray nozzle from the tablet
bed, the inlet air flow rate, its humidity and its temperature, also. Thesfa help to obtain

an ideal coated tablet that ought to be free from any visual illness or functional defect. The
general requirement of the final film coat is to be smooth, uniform and to have a good

appearancgOsman, 2012; Ruotsalainen, 2003; Gries3et6)
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1.5.2.3 Filmforming plymers

Polymers are substans@&hose molecules have high molar masses and composed of a large
number of repeating structuralnits (rmers)joined bysome typeof linkage, brm into a chain

like structure.They usually contaimore than five monomers, and some may contain
hundreds or thousands of monomers in each chain. Most polymers are orgaditormed

from hydrocarbon moleculeiSemwakt al.,2015).

Polymers are both naturally occurring and syntheNeturally occurring polymey include
proteins, latex, celluloseguar gum,inulin, pectin, shellac, cyclodextrin, starches, dextran,
amylose, chitosan, chondrotin sulfite, locust bean gumwhile s/nthetic polymes include
ethylcellulose, polyethylenecellulose acetate phthalate,hydroxypopyl methytellulose,

eudragit, and polyvinyl acetatephthalate (Amritpalet al.,2014;Priyaet al.,2016)

Advances in polymer science have led to the development of novel delivery systems. The
introduction of new polymers has resulted the development of polymers with unique
properties. Initially polymers were used as solubilizers, stabilizers and mechanical supports
for sustained release of drugs. Botoughtime, the functionalities of polymers have changed.
The polymers have been synthesi to suit specific needs or rather solve specific problems

associated withthe development of drug delivery systems.

Polymers can form particles of solidsage form anadan change the flow property difjuid
dosage formtoo. Polymers havéeenalsoused as important totsto control the drugelease
rate from the formulationsOne ofthe common use of polymerds as coatingormulations

(Karrout Y, 2008iussaret al.,2012)

The selection and design of a polymer for specific drug delivery systerchalanging task

because of the inherent diversity of structures and require a thorough understanding of the

surface and bulk properties of the polymer that can give the desired chemical, interfacial,

mechanical, and biological functions. The choice ofmel, in addition to its physicochemical

properties, is dependent on the need for extensive biochemical characterization and specific

preclinical tests to prove its safety. Surface properties such as hydrophilicity, lubricity,
20



smoothness, and surface engrgyovern the biocompatibility with tissues and blood, in
addition to influencing physical properties such as durability, permeability, and degradability
(Aulton, 2007 Semwakt al.,2015).

1.5.2.3.1 RS in polymeric film coating

At the beginning ofection 1.3 it has been mentioned that out of the two forms sifarches
the amylose contenfthe dominant one in RS forng responsible for its film formingelling
as well as binding propertfSatyamet al.,2010).The starch films can be used for different
drug delivery system. But, in designing it for sustained (prolongedargeting drug delivery
systens, likethe CTDDS, has thisdisadvantag of swelling in aqueous mediadsubsequent
accelerated drug release. Pure amylose fibalee up considerable amounts @fater upon
exposure to agueous media. They become ymymeable and the drug is already released in
the upper GIT before the distal GIT is reachiemcontrol this swellingcommercially available
controlledrelease polymersuch as PVP (Polyvinyl pyidoine), chitosan, sodium alginate or
ethyl cellulosehaveto be mixed with amyloséo prevent drugreleasein the stomach and
small intestingKarrout Y, 2008; Satyaet al.,2010).

In thisstudy, the polymerused with the RSor the film-coated formulaton wasethylcellulose.

Sew et al., (2000b) studiedthe physicemechanical and digestibility properties of water

miscible organic solverdiasedamyloseet hyl cel | ul ose fil ms as pote
drug deliveryTharr esul t ant micharadatkerizédn tarsns of tensike strength and

elasticity, polymer miscibility, permeability, and digestibility under simulated colonic
conditions.Films containing higher concentrations of amylose displayed increasing weakness
and softness and faster permeation to hydrog
content. No apparent miscibility was detected between the amylose and ethylcellulose,
regardl ess of film composition. The fil ms were
enzymes within a simulated colonic environment. The extent of digestion was directly

proportional to the amourdm of amyl ose presen
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1.5.2.3.2 Ethylcellulose

Ethylcellulose, an ethyl ether of cellulose, is a tahgin polymer of3-anhydroglucose units
joined together by acetal linkageG;2Hz2306(G2H2205) n Gi2H230s where n can vary to provide

a wide variety of molecular weightgith structural formula as shwn inFig.1.6.

OE;He

Figurel-6: Structural formula oEC(Dahl, 2009).

Functionally, it could be categorized asating agent flavoring agenttablet binder, tablet
filler and viscosityncreasing agentECis widely used in oral and topical pharmaceutical
formulations EC is chosen in trstudydue to its availability and itsse insmallconcentration

in tablet coating (1 to 3%) that allows other excipefiike RS) to take part in the film coating

solution (see Table 1.5)

Table 15: The amount of EC used in coating (Dahl, 2009)

Use Concentration (%)
Microencapsulation 10.020.0
Sustainedeleasematrix tablet 3.0-20.0

Tablet coating 1.03.0

Tablet granulation 1.03.0
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The main use oECis in oral formulations asa hydrophobic coating agent for tablets and
granules.ECcoatings are used to modify the release of a ditagmaskan unpleasant taste,
or to improve the stability of a formulatio Safetywise, it isgeneaally regarded as a netoxic,
non-allergenic, and noirritant material. AsECis not considered to be a health hazard, the
WHO has not specified an acceptable daily intdkeaddition to using it widelyn oral and
topical pharmaceuticaformulations it is also used in food product®ecauseECis not
metabolized it is not recommended for parenteral products; parenteral use mapdrenful

to the kidneys

EC dissolved in an organic solvent or solvent mixture, can be used on its oprodoice
water-insoluble films An agueous polymer dispersion (or latex)EEsuch as Aquacoat ECD
(FMC Biopolymer) or Surelease (Colorcon) may also be used to pria@fitas without the
need for organic solvent®rug release througkCcoated dosage forms can be cooited by
diffusion through the film coatingOzturk and Dressman, 1990; Narisagtaal., 1994;Dahl,
2009).

1.6 ThePresent Study

The main purpose of t hiasa fino coktingimateritl dor celena | u at «
targeted tables. Such kind of advandepharmaceutical dosage form (in this case taege

drug delivery system) hageat importance in increasing the efficacy and decreasing the side

effect of drug treatmentgKarrouty, 2008).Targeting a colon, asentioned previously, has

many practical beefits; in the drug treatment of IBD (UC and CD), colonic cancer and other
diseases. Also, it hasgaeatsignificance in the delivgrof peptide and protein oral drugs via

colon to the systemic circulation. Hence, tevelopmentof such a film coating aterial

would bea problemsolving piece of work.

Specificallyfor Ethiopiadevelopinga f i I m coati ng mat e rREhad usin
greater benefit. The work will promote the indigenous Teff and will add some knowledge
towards having a full uretstanding and use dhe localgrain. Economically, it saves valuable

currency in importing filicoating materials for colon targeting. Even, it may generavenue
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if exported as a filatoating materidlexcipient or as a finished prepared colon targgtairug

delivery system.

To show how the film coating material from teff RS could be usedc@ion targeting
Metronidazoletablet is usedfor this studyas a model drug becausé its availability anch
wider usein the country. Metronidazole,d8oN3Os a white or yellowish crystal powder with a
slight solubility in water and alcohol, is an imidazole antibacterial indicatéite treatment

of intestinaland hepatic amebiasis, trichomoniasis, acute and ulcerative gingivitis, prevention
and in the treatment of infection due to anaerobic bacteria, for pamd postoperative
prophylaxis in gynecologicahnd Gl surgery. Besides increasing its efficacy, delivering it
directly to the colon minimize its welinown disturbing side effect; nausea, vomiting, and

diarrhea (BP, 2009).

1.7 Research Qestiors

Thisstudyattempted to address the following questions:

- (Can teff starch be a potential source of resistant starch?

- Can teff resistant starch be used as a film formmgterial in CTDDS?

- What modification and/ or optimzationdoes teff resistant starch requires attain a
CTDDS?

- What arethe optimum amylose to Efatios in the preparation of the best filforming

solution?

Consequently, in this studRS(dominantly anylose)obtained fromTeff (Eragrostis tefwas
evduated as a film coating material for its potential application as a colon targeted drug

delivery system using metronidazole as a model drug
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1.8 Objectives

1.8.1 General dojective

Toisol ate Teff’'s RS and
dosage forms
1.8.2 Specific bjectives
Thespecific objectiveare:
e To isolate teff’'s

eval

uat e

| t qarggtedoper ty

S t a rntstarch froro tire tdtaéstafch gr ai n

* To optimize the resistant starch hydrophilic property with, B&8dto obtain the best

ratios of amylose to Ei@ the preparation of a filsforming solution

* To prepare tablets coated witthe optimized RS solution an@valuate thisin vitro

dissolution and fermentation in simulated gastric, intestinal and colonicsluid

25



2. EXPERIMENTAL

2.1 PlantMaterial

Teff grain (two white varieties (B1-196 and DZAR37) and two brown varieties (B21-1681
and DZ01-99)) teff grains wereobtained from HoletaAgricultural Researchinstitute. A teff

varietybetween white and browrt a | Sergaégndwas obtainedrom the local market.
CHEMICALS & SOLVENTS

Pancreatic a-amylase (SOLARAY® Dietary Supplements, Park City, UT 84098 USA)
Amyloglucosidase (AMGSINBO1EKFX8J0D Carlson Co. Ohid$A, Propyeneglycol(Horst

G.F. von Valtier GmbH and Co. KG, GermanypRepsin (BCBR 3132v, Sigma
Aldrich/Switzerland), &creatin (Caelo CHB:15348703 Caesar & Loretz GmbH Pharma
Hilden, Germany)odine Resublimed (Reagent ChemiBatvices Ltd., UK)otassium iodide
(Loba Chemie Pvt. L)dpotassium chloride (BDH Chemicals Ltd Poole, Engldrsdijled

water, Hydrochloricacid (HCL 36.46 BH15 1TD, BDH Laboratory supipbese, England)
freshly prepared simulated gastric fluid (0.1 N hydrochloric acid containing 0.32% w/v pepsin)
freshly prepared simulated intestinal fluid (phosphate buféérpH 6.8 containing1% w/v
pancreatin), smulated colonic fluid phosphate bufferpH 7.2 environment with colonic

bacterig like that of bifidobacterium from human éceg were used

The followings were kindly donated from EPHARM SC. and they were used as re€€ived:
(BDH Chemicalstd- Poole Englang Metronidazole API (BN 0181801001, Hubei Hongyuan
Pharmaceutical Technology CO, Ltd. Chiab¥olute ethanol (Carlo Erba Reagents, Jialy
Sodium metalsulphiteandsodium hydroxide (BDH Laboratory Bligs, England), monobasic
potassiun phosphate (ERBA Pharma Reagents Group, Italy), corn starch (Roquette, Orkila,
France) ErythrosinéRed No.3Kronos International Inc., Gaany),Sodium starchglycolate
/SSQHuzhou Zhanwang Pharmaceutical Co. Ltd, Chim)idone K 282 (China Assoate

Group co., Ltd., Chingluminum foil(Billcare, India).
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2.2 Methods
2.2.1 Isolation ototal starchfrom Teff

The teff grais were sieved to removeextraneougforeign materias. It wasthen milled in a
laboratorymill (FRITSCPulverisette 2RoHSindustriestr 8,55743 idarOberstein, Germany)

to pass throughasievesizeof 315umto produceawhole grainmeal Small scale extraction

of teff’'s starch was conductaetal(2002) withraditleme t h o d
modification while largersale extraction used the method described by Gebtariam and

Schmidt, (1998).

In brief, for thesmallscale starch isolatior,00 g of teff flour was weigdd (ADAM digital
Balance, Wagtech international Ltd, England) and mixed with 500 aidtdfed water to form

a slurry. The slurry was left on a shaker (Heidoph instruments, unimax 101090126
Schwabachmade in Germany)at 170 rpm for 2 h. Removed from the shaker, it was

i mmedi ately passed through a sieve size of 1
somemore distilled water(300 m) until a fibrous residuavasleft on the muslin surface. A
vacuum filter systenwasused to &cilitate the process. The liquid containing the starch as a
suspension was retained while the fibrous residue on the mwghiadiscarded. The filtrate

was then centrifuged (BECKMAN COULTER, Allegra® 64R centrifuge machine) in 50 ml
centrifuge tubes at 800 rpm for 10 min. After the supernatant was decanted, the brown
protein layer was scraped off from the top of the solid residue unveiling the starthe

bottom. This procedure was repeated by adding distilled water to the remaining starch pellet
until a white starch pellet was obtainedh@ TS obtained waken airdried, milled and stored

in an airtight container after sieving with a 224 pym sieve (Bultsal.,2002;D " S etlaly a

2011, Teklehaimanott al.,2013).

For larger amount of starch exdction, thefollowing procedurewas used; the teff flou2 kg)
was suspended in a budkef distilled water(10 liters)containing 0.075% (w/v) of sodium
metabisulphite to form a slurry. The slurry was then allowed to stay overnight. It was then

passed thougha fine muslin adding more distilled water on it witdontinuous stirring until
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an insoluble fibrous component remained on the surface of the muslin. The fibrous residue on
the muslin was discarded and the translucent suspension was allowed to gdte.hours,

the pure supernatant was decanted. On the bottom of the container, a hard cake of white
starch was uncovered when a brownish protein layer was scraped off from its surface. It took
some more resuspendingfiltrations and allowing settlingo obtain a snowwhite starch by
getting rid of all the impurities and a protein layer above it. The resulting starch wesexir

at room temperature, and stored in an airtight container, after milling and sieving (224 um),
for further extraction of RS3ebre-Mariam and Schmidt, 1998)

2.2.2 Isolation of resistant stardhom thetotal starch

The isolation of RS was done as per the AOAC official methodd2002.

Nonresistant starcfdigestible starchwas solubilized and hydrolyzed to glucose by the
combinedat i on of mayaseraedamylogtosaase (AMG) for 16dt 37°C. The
reaction was terminated by the addition of ethanol and W& recovered as a pellet by

centrifugation.

In brief, the TSsample(100 g)was suspended ia distilled waer (250 nh) to form a slurry.
Then, pancreatic-amylase and amyloglucosidase (AMG) were added and leftnoagaetic
stirrer for 16 h at 3PCduring which the nofresistant starch was solubilized and hydrolyzed
to D-glucose by the combined action of the two enasnThe reaction was terminated by the
addition of ethanol (96%) and RS was recovered as a pellet by centrifugationrp80@@r 10
min). It was then washed again by suspig itin ethanol (96%) followed by centrifugation.
The free liquid was removed ldecantation. This process of enzymatic digestion was done

three times to reconfirm the complete digestion dfie digestible starch /nofresistant starch.

The amount of pancreatia-amylaseand AMG needed for the enzymatic digestion of starch

was catulated as shown in Appendix | a. and, Irespectively
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2.2.3 Test forstarch

A test for TS was done using iodine test for starch to confirm the isolation of TS from the teff
grain (sedbn 2.1.1). Five test tubes were prepared, four test tube D1 tac@#taining the
claimed starclpowdersfrom the four different teffvarietiesin a distilled water and the other

as a blank, a distilled water only. Then, the lodine solufB g and 2 gotassium iodide in

100 ml ofdistilled wate)) was dropped into the five test tubes. If the samples contain starch,

acolor change tdlue blackoccurs

2.2.4 Test for resistant starch

There are two types of test for RS; a direct method that quantify RS iretlidues obtained
after removing digestible starch using AOAC Official Method 2002.02 or an indirect method
that determine RS as the difference betwe€8and digestible starchsit wasmentioned in

section 1.2 Eq. 1.3Goniet al.,1995).

Since the methds of isolation of RS in section 2.2.2 above is digestion of the digestible starch
with digesting enzymes, theemainingpellets are RS as per timeentionedformula. Hence,

the indirect method of the test of RS has besdgwonealready And the result is shvan in section
3.1.2, "isolation of RS from TS”".

2.2.5 Optimizatiorof film forming property of amylosee§istant starcjwith ethylcellulose

The disadvantagef amylose in filrformation isits swelling property in agueous media and
subsequent accelerated druglease. To control this, a commercially available controlled
release polymer (e.g., EC) was mixed with amylose to prevent premature drug release in the
stomach andsmall intestine(Karrout Y, 2008)ln this study, he proportion of amylose

(hydrophilig to EGhydrophobig were optimizedand evaluatedasfilm-forming solutiors.

To prepare the coating formulations as per the method described by &ialy(2000); the EC
was dissolved in ethanol (96%) to produce five separate 400 ml solutionaddaichwith
various quantitie®f EC present. Then, a pteizer,Propylene glycol2.5 % YA/ was added to

each solution of EC and mixed for 3 h using a magnetic stirrer. On each plasticized EC solutions,
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100 ml aqueousdispersion of amylose (10 % W/ ethand (96 %) was then added and stirred
for another 1 h to produce coating formulations with different solid ratios of amylose to EC
(1:1, 1:2, 1:3, 1:4, 1:5 and 1:0 as a control).

2.2.6 Prepaingfilm coated colorargetedmetronidazoldabletusing 6 F fegistan starch

2.2.6.1 Formulation othe core tables

Abatchof one thousand tablets were prepared using the formsiteownin Table 2.1

Table 21: Metronidazole Tablet (200 mg) reduced formafd 000 tablets.

No. Scale (mg/tablet) Ingredient Quantity (g)

1 200.00 Metronidazole 200.00

2 75.00 Lactose monohydrate 167.00

3 18.75 Starch (corn) 42.00

4 15.00 Povidone K 232 33.90

5 18.75 Starch (corn) 42.00

6 QS Water, purified Qs

7 6.50 SSG 14.00

8 0.63 Magnesium stearate 150

2.2.6.2 Preparation of granules and the core tablets

Wet granulation method was employed for the preparation of metronidazole taiskets.

The ganulation was done makinfirst a paste using corn starch (itema3 a bindey and
purified distilled water (&m 6as a solventin a stainlessteel containerA starch paste was

prepared in a boiling water and stirred until a translucent pastes found. Each of the
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ingredients metronidazole(AP), lactose(diluents) and corn starch (Item &s a diluentswere
passed through a 50@Am aperture screen ansubsequentltransferred toa mixer(Machines
Collette, Belgium). Povidor{binder)wasthen added to the mixecontaining the mixtureand
mixed for 5 min. Then, the starch paste was added to the mixer and mikdhe mixtures
until suitable consistency mass was obtained. Extra water was adsleztjuired. The wet
mass was then passed through a - screento form awet granulae. The granulate
obtained was spread on papéined tray oven (KOTTERM&NnNd dried at 50°C until the
moisture content was not more than 6. Weighwere taken for moisture content checking
at this point and afterdrying Finally, the dried granutewere passed through a 1-Bim
aperture screenThedried granules were thertransferred to a blender (Mixer Machines
Colldgte, Belgium) for 10 min. SS@isintegrant)and magnesium stearat@ubricant) were
screened through a 66Am aperture screen to the blender. These were blendedSfamin.

The granule weredischarged into polyethylenkned drums, sealedand weighed

The blended granules were compressed using a 10 station rotary tablet press machine (Rimek
Mini Presdll, India) with 14/32nch round, standard concave punches at a pressure of 6.5 to
10.5 kg/cmi. Different batches ofcore tablets were produced containing 200 mg of

metronidazole with an average tablet weight of 500 mg.

2.2.6.3 Determinatiorof flow, density and relatepropertiesof the granules

Bulk and tapped densities were deterneid by taking a 30 g of granubeix, before tableting,

in a 250 ml measuring cylinddaulk volume occupied was read after light tapping. The cylinder
was then tapped at a constant velocity ngitapped densitometeERWEK®& GmbH,
Germany) for 500 timesThetapped volume washen recorded. Bulk ad tapped densies
were determined based on Eg. 2.1 and,2&spectively. Both measurements were done in

triplicate and respective standards deviations were calculated

60 @E T MO W—iveveeeieieee e e e Eq. 2. 1.

where, m ighe weight of the granule/ powder ang is bulk volume
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where m is the weight of the granule/ powder aad is the tapped volume

Carr’ s index and determised esmg theadlculated demgityevalzes. s o
O — € Il Eq 2.3
6O0OpnnmB— 1 @) pnm®@ o FTw ... Eq.2.4.
Where” isbulkdensity,” i s tapped density, HR is Hausner

The angle of repose was determined by the funnel mettothis,a 30 g of granule was placed
and allowed to flow through a stetiess funnel having a 10 mm orifice from a fixed height of
10 cm.The duration of flow was recorded and used to calculate the flow rate. The powder

raised vertically making a pile until a maximum cone heighivégobtained.

The angle ofepose andlow rate werecalculatedfrom Eqg2.5and Eq2.6, respectively
— O AT = e Eg. 2.5
where 6 = angl e aofanulee p@adius of cirble fermed byitlgantles o f
OUEILNO REEEEE88888888888 %N8 ¢8¢

Whered is mass in gram anaiis time in seconsl.

Thesetwo measurementswere done in triplicate, and from the results thespective

standard deviations were calculated.
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2.2.6.4 Evaluation of core tablet

The netronidazole core tablet were evaluated for physicochemical parametersamely,

weight variation friability, hardness, diameter, itknessand disintegratiortime.

2.2.6.4.1 Hardness

The tablet crushingstrengths of 10 tablets weremeasured usindiardnesstester (Model
2E/205, Dr. K Schleuniger @, CH8033, Zurich, Switzerlandn this, atablet was placed
between the anvils and the crushing strength, which causes the tablet to break, was recorded.

The average crushing of the 10 tablets watculated

2.2.6.4.2 Thicknessnd Diameter

The diameterseadingof the tablets were recordeaoncurrentlywhile doing thetest of
hardness on te sample tablets. The thicknessading was taken with the same apparatys

placingten tabletsverticallyone at a time

2.2.6.4.3 Friability

Tablet strength was tested by a friability tester (ERWEKA® GmbH, TAR 20, Heusenstamm,
Germany). Wenty tablets were accurately weighed and placed in the revolving chawfber

the apparatusthen operated at 25 rpm for 4 min. The tablets were dedusted and the
percentage weight loss was calculated by reweighing the tabletdets that lose less than

1%weight were consideredcceptable

N 2 s oA N

P &OEAAE+EOU p i Eq2.7

2.2.6.4.4 Weight variation

Twenty tablets were selected at random and the individual wesgiére recorded using an
electronic balance, and the average weight wietermined and the standard deviation

calcuhbted.
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2.2.6.4.5 Disintegration time

Disintegration time was determined using the disintegration apparatus (ERWEKA DT 700
GmbH, Germany). Six tablets were placed in each tube of the apparatus and the basket rack
assembly was positioned in a 900 ml beaker of wat&7at 2°C and run at 29 to 32 cycles per

min for 15 min as per USS®-NR25<701>,(2007). At the end of 15 min, the basket was lifted
from the fluid The tableswere considered disintegrateii no particles remained on the mesh

of the tubes Otherwise, thetest was to be repeated for additional 12 tablets. Where the

requirement is 16 tablets of the totdl8 needto be disintegrated.

2.2.6.4.6 Drug contentuniformity

Twenty metronidazole core tablets were randomly selected and crushed into powder. Exactly
503.88mg of powder the average weight of the tablsfrom the three batchesas inTable
3.3, claimedo contain 200 mg of metronidazole ARbnsferred to a 25l volumetric flask,
and about 100 ml of dilute hydrochloric a¢@l001N was added, thethe samplewvas shaken
for 30 minutes on a shaker. It was thdituted with hydrochloric acido volume, mixed and

filtered. The first 15 ml of the filtrate was discarded.

From the filtrate 25 ml was diluted with 100 ml dfiuted hydrochloric acidto obtain a
solution having a concentration of about 0.2mg of metronidazole per ml. A 10 ml of this
solution was transferred into a 1a@l volumetric flask, diluté with dilute hydrochloric acid

to volumegiving0.02mg/ml of drug solutionand mixed to make it ready for kF¢ading.

Concurrentlythe absorbance of this test solution was determined in reference with that of a
similarly preparedstandard solution of USP Metronidazoteference standard having a
known concentration of about 20 pg per ml@mg/ml as that of tle final concentration of
the test solution for reading), in-&m matched cells, at the wavelength of maximum
absorbance at about 278 nm using dilute hydrochloric acidl@1Nasablank. The quantity
was calculated in mg and the amount of metronidaz@gH4NsOs) in the whole tableusing

the formulain Eq. 2.8
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In which "Yis the labeled quantity, in mg, of the metronidazole in the Tabletis the
concentration, inug per ml, ofUSP Metroidazole RSn the Standard solutianO is the
concentration, in pg per ml, of metronidazole in the test solution, on the basis of the labeled
quantity per Tablet and the extent of dilution; addg ando i, are the absorbance of the test
solution and he standard solution, respectivelfySP 3INF25 <903>, 2(0). The experiment

was done in triplicate

2.2.6.4.7 UV a@libration curveof metronidazole

Calibration curve were plottedfor simulated gastric environment (pH 1, 0.1 N HCl and 0.32 %
pepsin) simulated small intestinal environmentig a phosphate buffers solution with pH 6.8
and 1% pancreatin) and simulated colonic environmang (phosphate buffers solution with

pH 7.2 in the presence of human fece%6 (W/V))

Three calibration curves were constructeq lising three stock solutions prepared by
dissolving 0.0555g of metronidazole in 250 ml of the corresponatiedia, whichprovideda
stock solution of concentration 222 pg/ml which was an equivalent concentration to the drug

in the dissolution media (i.@ne 200 mg ratronidazole tab in 900 ml of the media)

Using the stock solutions, a series of dilutions were done to get ten different concentrations
(from G to Go which are2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22a8d 25ug/ml) for the
calibration cuwe in gastric and small intestinal environmentwhile twelve different
concentrations (from (o Gowhich are5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, @ddg/ml)

for the calibration curve of simulated colonienvironment. Then,the corresponding
absorbance readings of each of the dilutions were measured at the(278 nm) with a UV
Visible spectrophotometer (Model SHIMADZU1800, Japan). Each experiment was done in

triplicate.
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The USP@NR25, (2007) method wasusedto preparea phosphate buffer solution witpH
6.8 andpH 7.2 (for small intestine and colanedia, respectivelyysing Chemicals: Potassium

phosphate monobasic (KPIQ) ard Sodiumhydroxide

2.2.6.5 Film oating

2.2.6.5.1 Preparation o&film coatingsolution

Various quantities of the Polymer: Polyrielasticizers blend (Amylose:Pgpykne glycol
blend) with a ratio of 1:1, 1:2, 1:3,1:4, 1:5 were prepared using the procedure described by
Siewet al., (2000; Wilson and Basit (2005KarroutY, (2009. Fora comparison purposea
controlfilm coating mateial in the absence oECin the blend(Only the amylee solution with
plasticizer and colorahtvasalso preparednd named aa 1:0 ratio.For eaclof the sixgroups,

200 tablets were allocated to be coated.

1. On one hand, aamylose solution (10% W)Wasprepared using ethanol (96%) of 100 ml

solvent.

A 10g of amylosan 100 ml of ethanosolventwas stirred for 1 Hor eachfive different film

coatingsolutions that vere intended to coat thdive different groups of amylose to E@atios.

2. PolymetPlasticizers blend solution:

On the other hand, arious amounts of ECsolutions each in 400 ml of ethanol (96 %) were
prepared to make fivdifferent solid ratios of amylose to EC (1:1, 1:2, 1:3, 1:4 andi&510

gm of EC was used for the 1:1 amylose to EC ratio coating solution preparation whilef 20 g
EC was used for the 1:2 ratio of amylose tod&€Then,a 10 g of propylene glycoplasticizer

(2.5 %W/V of the blend solutioh was added to eachof the five ECsolutions. These EC

polymerplasticizer blend soluticswere stirred for3 h with a magnetic stirrer.

3. The above two separate groups of solutions; five amylose solution and fiRéa&iCizer

blends solution were mixed according to their specific ratio of Amylose to EC ratio. By then
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each group made a 500 ml of blend. Then, these bleatkvgtirredfor another 6 h before

coatingstarted. The colorant (Erythrosine) was aldded at this mixing stage.

The sixth group or the control film coating solution (1:0 ratio of amylose to EC) was prepared
in the absence of EC. Yet, in a similarif@sl{500 ml of amylose solution of 10% W/V with the

plasticizer and colorant).

2.2.6.5.2 Film coating o€ore tablets

Using the procedure described by Sietal., (2000 and Wilson and Basit (200&he tablets
were coated using a pan coater (Model ERWEKA TMEE Bermany). A series of coated
samples with different film thicknesses were obtained by weighing and removing the sample

from the pan in between.

The film thickness was expressed in terms of the percert@igéweightgain %TWGEQ. 2.9
to obtain formulations with three filnthicknessegi.e. 2%, 4% and 6% of the average weight

of the uncoatedtablet).

The steps followed to produce these three groups of different thicknessasadting levels
for allthe six ratios of amylose to EC (1:0, 1:1, 1:3, 1:4 and 1:5)ere:

Tablets were initially dried (presarmed) in coating pan fatO min with a bed temperature
around 4045 °CSampleablets were randomly taken from different locations inside the pan
Then, the total weight of 50 tabletsvasdeterminedand the average weight tfie tabletswas
calculated.Thiswasused as a baseline for the calculation of TWG of the coated tablet in the

process.

The coating process then continued for the batch with specific coating solution prepared
(startingfrom a 1:0 to 1.5 amylose to E&tio). Each coating batohasdivided into three and
2%, 4% and 6% coatingke done, respectively. The coating level was calculated using. &q

After completion of the spray coating process in eachsatzh, the tablés were again dried
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in the coating pan for an additional 10 min with hot air spray till the bed temperature reached

and maintained at around 485 °C. The coating parameters are shown in T2ldéelow.

Table 22: Coating procesparameters that were maintained during the coating of tablets.

No. Fixed parameters Specific Values

1 Number of spray gun 1

2 Coating pan speed 15 rpm

3 Atomizing pressure 2 bar

4 Inlet air temperature 50-60°C

5 Spray rate application 5 g/min/kg

6 Distance tablet bed tspray 15cm

gun

2.2.7 Evaluatiorof film coated tables

2.2.7.1 Percentage weight gain of coated tablets

Percentweight gain o2 TWGwas calculatedising the following equatioduring the coating

processwith the coating solutioa

Yo O —— opnmh..ociiiiiine... . EQ.29.. ..

Wherew "@nd w "Care tablet weight initial and final, respectively.

Three group of thickness;2%, 4%and 6% TWG werstudied for each of the six different
Amylose: EC ratgptotally eighteen sample grqas wereprepared for the study
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2.2.7.2 In vitrodissolution test

Metronidazole release from the filrooated tablets was assessed ibyvitro dissolution tess
using USP type | basket dissolution apparatus (Model: LABINDIA DS 8000). The tests were
performed usig a basket rotation speed of 10pm in 900 ml dissolution medium that was

variedat differentcourses of the experiment (USBY NR25, 2007):

First, the test was done in a simulated gastric fluid condition (0.1 N hydrochloric acid with
0.32% pepsin) forhie first 3 h followed by pH 6.8 phosphate buffer with 1% Pancreatin for the
next 3 h to simulate the condition of the small intestin®ilson and Basji2005 Karrout Y,

2008; Karrouet al.,2010).

At pre-determined time points, ¥4 h, ¥2 h, % h, 1 h, 2 h,i8 gastric simulated medium and 4

h, 5 h, and 6 h in small intestine simulated medium, 5 ml of samples were withdrawn and
analyzed by UV spectrophotometayt max0f 278 nm.But, the enzyme preseritirned the
sample turbidin caseof intestinal medium Hence before the UV visible study, the samples
were filtered with a filter paper (Double rings® 102 Medium, 9 cm) and suitably diluted with
the solvent. Foreach sample group (ratio of Amylose to EC; 1:0 to, Wvih 3 different

thicknesses (2%, 4% and 6% experiments were conducted in triplicate

2.2.7.3 Fermentation study

Metronidazole release from the filrooated tablets was assessed following the dissofutest
from the 6th tothe 14th h inin vitro condition simulating the human colon with and without

colonic bacterigextractedfrom fecal matters.

One tablet was introduced into individual 100 ml batch culture fermenters inoculated with
human feces (1% wi/v). The fermenters were prepared by homogenizing freshly voided
human feces from three healthy subjects in a phospHadsed buffer medium of pH.2
(Silvesteret al.,1995; Basiet al.,2002;Wilson and BasiR005).

The fermenters containing one bt of test samples were sealed in an airtight jar that was
made anaerobic previoushyith anaerobic kit with aerobic condition indicators (Anaerobic
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container system with indicator; BD GasPakTm EZ, Bacton Dickinson and company, 7 Loveton
circle, spark, M21152 USA). Placed in shakecubator (Stuart®, orbital incubator / SI500/
BIBBY SCIENTIFIC LIMITED, STONE, STAFFORDSHS?E i)l the javaskept at 37°C

and shaken at 100 rpm. The established anaerobic environment was maintained while opening
the jar to take samples with the old candle jar method (letting the candle to burn out the
oxygen in the closed jar), this also controlled by the anaerobic indicator that turned to blue

when exposed to oxyge@ppendix I b.

“A control e frepneediummmvghout the preaende af feces, was also running in

parallel. Each experiment was done in triplicate.

Two milliliters of the samples were removed every 15 manthe first 1 h then at hourly
intervals for the next & period. The collected sarte filtered through 0.2 um filters prior to
analysis for drug axR%evetalt2000d).i on by UV at i

The results were plotted to extend the cumulative percentage drug release versus time

profiles of gastric and small intestine dissolusap to the end of the 14 h,

2.2.8 Data analysis

Statistical analysis was done using Analysis of Variance (ANOVA) with a statistical software
Origin 6.0 (Originab™ Corporation, USA). Tukey multiple comparison tests were used to
compare the individual fference. All the data measured and reported are averages of a
minimum of triplicate measurements and the values are expressed as mean * standard
deviation (SD) at 95 % confidence interval, andjues of ©.05 were considered statistically

significant.
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3. RESUISAND DISCUSSION

3.1 Evaluatiorof the ExtractedTotal SarchandResistantStarch
3.1.1 Total starchandresistantstarch

The starch test with iodine solutionn test tubes containingsample solutios of the four
varieties of teff (labeled D1 to D4) twed to blueblack confirming the pr&ence of starch
(Appendix Il

Theindirect test (Table.1; RSa meanpercentage yield of 19.1%) showed that the claimed
RS was obtaineftom teff grain after the enzymatic digestion of the Tisat was previously

isolated (as perEq. 1.3)

3.1.2 Quantitative testTeff grain yielgof total starch and resistant starch

The yield andther propertiesof teff grairs of different traits were characterizedlsewhere
(Bultosaet al.,2002, Bultosa, 2007). In the present stuthe TS and RSejds obtained from

varietiesof teff grains arepresented in Table 3.1.

Table 31: Quantitative values (yield&)r the isolation ototal starchandresistant starctirom
100 g of teff grain

No. The specificypes of Teff flour passng  TSPercentage yield RS Percentage
teff grain used througho mp X yield
Percentage yield
1. DZ01-1681 81.28:1.4 37.20£1.2 18.07+ 0.8
2. DZ01-99 79.04:1.3 39.10+1.1 19.54+1.1
3. DZ01-196 84.16+0.9 40.40+1.3 19.74+0.9
4. DZCR37 83.60t1.1 34.90+0.9 18.04+0.6
Mean % vyield of théour traits 82.02 37.90 19.10
Standard Deviatioof the mean(SD) 2.35 2.39 0.76
Standard error of the MeafSE) 1.17 1.20 0.38
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The present findings show that the mean of th8yield from differentvarietiesof teff grairs

is 37.90+23%% while the mean of th&Syield from the TSobtained from these different
varieties is 19.10+£0.26(Table 3.1).For each of the fouvarieties the means were compared

at P <0.05 andwere not significatly different for RS yield. But, the meangre significantly
different for the TSyield at 0.05 level. This indicates the yield of starch may vary significantly
between the fourvarietieschosen for the present work while their RS content variation is

inggnificant

Comparing the result wittthose similarresearchs, the teff yield of TSand RS (Amylo3gs
lower in the presentstudy. Theallegedreason for this could be the modification that was
made on the methods of isolatiorBecause of the lack of b@ratory apparatusof a shaking
water baththat preciselymaintains the extraction temperature by +0.9C.(AOAC, 2002a
magneticstirrer was usedvhere agitationspeedandonly an approximatetemperatureof 37
°Cwere preset Also, themillingwasdonewith the laboratory milratherthan the wet milling
machineaccording tothe extraction methodused inTayloret al., (1997)and Bultosaet al,
(2002. Consequentlynearlytwenty percentof the total grain removed ithe sievingprocess
(through3 1 5 )t get theteff flour (82.02%)But, it wasalsoexpected tocontain some amount
of TS and RSThe pericarp oteff grain contains starcgrain(Bultosaet al.,2002). These could be
one ofthe reasors for the underrepored percentage yield of T&hd RShere. Hence, in this
part, the focus of the researcls briefing the convenience method that was used and the
results obtained in the process of obtaining the RS in question thparting quantitative
maximum Yyield Yet, comparing theRSyield of the different varieties, the result of each
variety, all in all seems consistent with other research resultsaAgs Bultosa(2007). In that
study, it was reported aa meanyield of 28.88:0.62but the individual veries(verityNo.1 to

4 as in Table.2) reported a®8.8, 30.1, 31.7 and 24.98bamylose respectivelyThose with

relatively higherand relatively loweyield keestheir property in this study, also.

3.2 Evaluation ofsranuleProperties of e FormulatedBlend

For tablets to be uniform in gight and content, the powder has to be blended well and has

to flow uniformly to have steady compaction during tableting process. Good followability
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ensures uniformity in die fill and thus uniformity in tablet weight (as it is an indirect weighing
of the powder volumetrically)Theseare the parameters(shown in table3.2)that need to be

measured quantitatively before tableting pro

Table 32: Physicochemical properties of the gramsule

Paameter< Angle of Flow rate Bulk Tapped / I NNID& Hausner
repose (°) (g/sec.)  density(g/ml) density(g/ml) (Ch) ratio (%)

Measured
Value€ 27.46+1.61 16.90+1.15 0.37+0.01 0.43+0.01 13.08+1.48 1.15+0.02

The angle of repose has been used to chtaaze the flow properties of solids. The angle of

repose is characteristic related to intparticulate friction or resistance to movement

bet ween particles. It s an indirect method o
relationship with iner-particle cohesion. A static heap will slide when the angle of inclination

is large enough to overcome frictional forces and stop when gravitational forces balance the
forces. The sides of the hedlpat make an angle with horizontdihe is called the agle of

repose (Hussaat al.,2012).

Here, the angle of repose was found to be 27.4621According to USP3OF25 <1174>,
(2007) the angle of repose as classified by Carr; if the angle is in the rangetof 2B, it has

an excellent flow property.

The Compressibility index ( Caarathesimplest thetestt and
and popular methods of predicting powder flow characteristics. The Compressibility index has
been proposed as an indirect measure of bulk density, size amgksisurface area, moisture

content and cohesiveness of materials because of these can influence the observed

compressibility index.
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In the present study, the Cl and HR were found to be 13.08+1.48 and 1.15+0.02, respectively.
These values fall intherangef “ GOOD” f |l ow character as per
flowability, i.e., a Cl value of H15 and a HR value of 1.1218 (USBO-NF25 <1174>, 210).

As the results of the preompression study of characteristics of the granule have shain,
the above parametersvere within the acceptablerange which allowsto proceed to the

tableting process

3.3 Evaluation ofore-tablets

Table3.3depicts the properties of the core tabletfo( all the three batcheproduced such
as diameterthicknessweight variation hardnessfriability, disintegrationtime, and content

uniformity.

Table 33: Core tablet properties of Metronidazole formulation

Batch Diameter Thickness Weight Hardness Friability Disintegrati Content
Code (mm) (mm) variation (Kg/cn®) (%96) ontime uniformity
N=10 N=10 (mg) N=20 N=10 N=20 (min)N=6

N=20

01 11.74+0.02 4.47+0.09 503.64+2.85 128.80+5.18 0.36+0.01 2.19+0.23 107.10

02 11.71+0.06 4.46+0.03 503.63+3.50 128.10+8.30 0.31+0.02 1.92+0.19 106.27

03 11.73+0.01 4.40+0.04 504.41+3.53 129.50+5.19 0.40+0.01 2.30+0.43 108.08

3.3.1 Diameter, thickness and weight variation of core tablets

The mean diameter and thicknestthe concave tablethad values ranging from 11.71+0.06
to 11.74+0.01 mm and 4.40+0.03 ta14+0.09 mm, respectivehpt 0.05 level, the population

means are not significantly different for bothasults(p-value>0.05).
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The weight of the tablets ranged from 503.63+3.50 to 504.41+3.53 mg. Here, the average
percent deviation of 20 tablets of eaddatch was less than 15% (less than £30.0 mg) of the
active ingredient (200 mg). As a result, the requirement for dosage uniformity was met

according to USBO-NF25<905>, (200. These resulfindicate that the die fill was uniform.

3.3.2 Crushing strength anddbility of core tablets

The hardnesand friabilityof the core tabletdhad values that range between 128.10+8.3 to
129.50+5.19 kg/cm2 and 0.31 to 0.9€) respectively. Theshow thatthe hardness of all the
batches have acceptable mechanical strengttiletheir friability range shows the tablets are
mechanically stable as the range is less than 1% which is the maximum weight loss allowed

according to USBO-NF25<1216&, 007).

3.3.3 The disintegration of core tablets

At the 39 min, way before the 18 min that is set as maximum disintegration tintienit
specifiedin the monograph, all the six tablets were already disintegrated in the three batches
of the metronidazole tablets agquiredin USRB0-NR25<701>,2007).

3.3.4 Content uniformity of core tablets

Inthe evaluation otore tables,for all thetabletstested, the values of the content uniformity
fall within acceptable rangd-or the three batcheseq. 2.7 gave theaverageamount of the
active ingredient in the test solution as 214.21, 212.53 and 21&d %or bath 01, 02 and 03,

respectively

To ensure the consistency of the dose units, each unit in a batch need to have a drug substance
content contained within a narrow ramgaround the labeled clainThe results of the assay
revealed107.10 %, 106.2%, and 108.08 %, for batch 01, 02 and 03, respect{Valyle 3.3)
According to USBO-NR25, 2007; Metronidazole tablets should contain not less than 90.0
percent and not more than 110 percent of the labeled amount of metronidazgteNzOs.

Hence, for tle labeled amount of 200 mghe percentage obtained is within the limit for all

batches
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3.4 In\itro Evaluation oDrug Releaseh@racteristics ofhe Filmcoated Tablet
3.4.1 Dissolution studies

The drug release profilstudieswere carried outin vitro in a simulated gastric, intestinal and
colonic fluigsto testthe film-coated tabletfor a CTDD3®ut, theenvironmental conditions for
drug releasan vivoare highly complex and it is not possible to fully simulate thenaitro
(Siewet al., 2004).Still, the use of different types oin vitro setups (exhibiting for instance
different chemical(pH)and mechanicalagitation) stressesn the dosage form) can provide
important information on the sensitivity of the investigated drug delivery systems to the
envirormental conditions (Karrout Y, 2008)his information from the in vitro test that
simulates the in vivoconditionis well enough taapproximatethe in vivoresult, hencethe

result ofthe in vitrotest is fairly acceptable.

3.4.1.1 UVCalibration curvéor dissoltion in GIT

Calibration curve for simulatedagtricenvironment (pH 1, 0.1 NGHand 0.326
pepsin)

Using the differentdiluted concentrationsfrom the stock solutionfrom G=2.50ug/ml to
Ci=25.00ug/ml), the corresponding successive UV readings fieued and absorbance (at

278 nm) versus encentration of thedrug were plotted. A calibration curve with a linear
regression equation of: Y = 0.0375X + 0.0455 (where Y is the absorbance and X is the
concentration in pg/ml) and correlation coefficied®) of 0.9998 was obtaineshowinggood

correlation between absorbance and the concentrat{fig 3.1).
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Figure3-1: Standard calibration curve of metronidazole in 0.1 N HCI, and 0.32 % pepsin (pH 1)
at 278 nmwith 95 % confidence interval;{R 0.9998).

Calibration curve for simulatesallintestinalenvironment(a phosphate buffers

solutionwith pH 6.8 and.% @ncreatir):

Using the differentdiluted concentrationsfrom the stock solutionfrom G=2.50pug/ml to
Ci=25.00ug/ml), the corresponding UV readings were found and absorbance (at 278 nm)
versus concentration of the dilution was plotted. A calibration curve with a linear regression
equation of: Y = 0.0455X + 0.0187 (where Y is the absorbance artieXconcentration in
ug/ml) and correlation coefficient @8R of 0.9997 was obtaineghowing good correlation

between absorbance and the concentrati@Fig. 3.2).

47



1.4000 -

1.2000 4

1.0000 4

0.8000 4

0.6000 -

Absorbance

0.4000 -

0.2000 4

0.0000 T T T T T 1
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Concentartion (pg/mil)

Figure3-2: Standard calibration curve ofetronidazole in phosphate buffer and 1% pancreatin
(pH 6.8) at 278 nm with 95 % confidence interval; (R? = 0.9997).

3.4.1.2 Dissolution

In a simulated gastric environment (pH 1, 0.1 N HCI and%3&sin from t=0 to t= 3 h) and
simulated intestinal environmen(pH 6.8 phosphate buffers with 1% pancreatin from t=3 to
t= 6 h) dissolution wasarried outand the UV absorbance reading for each timeithdrawn

sample data was interpretedith the calibration curve drawn.

The resultis depicted in Fig.3.3, as a thee dimensional graptX, Y, Zyith coordinates; Z =
the % TWG (2%, 4% & 6%) éachratio of Amylose to EC (1:0, 1:1, 1:2, 1:3, 1:4 & 1:5), Y=
cumulative percentage drug release of each sample (0 to 100%) and X= the time taken for the

total dissolutionprocess.
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Figure3-3: Thedissolution study showing the cumulatipercentagerelease of coated tablets
with different coating ratios of amylose to EX€each thicknessen a simulated gastric
(from t=0 b t=3 h) and in a simulated intestinal conditions (from t=3 to t=6 h)

Ofthe 18 formulations, a candidate for colon targeted drug delivery is a formulation that has
not released more than 15% of its content in the dissolution test of the upper GITicgamstr
the small intestinefluids. This15%cut off iscalculatedfrom USP3ENF25<711%2007) that
claims in the dissolution testot less than 85% of the labeled amount of metronidazole need
to be dissolvedn 60 min fornormal releasingablet. In this pecial dosage form aa CTDDS,
the main focus isn delivering enougltamountof the drugin the colonwithin the normal GIT
transit time.Hence, to release 8%of the drugultimatelyin the colon the formulation need

not release more than 15% of its contdn the upper GITn its 6 h transit time

The following formulations released more than 15% of their conterihe gastric and small
intestinebefore they reach their destination. Hence, thegre disqualified from candidacy as

a colon targeting formiations.
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These were Thel:0ratio of amylose to E(r the formulationthat contairs no ECbut only
amylose in the film materiagll its thicknessgroupi.e., 2%, 4% 6% TWG, frdhe ratio of1:1
amylose to E@hose thicknessof 2% and 4 YdWGand, from the ratio of 1:2 formulations
formulation with thickness of2% TWG The test was continued on the remaining 12

formulationsasa candidateformulation for colon targeting system.

Thel00 %mmediaterelease of its content in thestomachis expectedfor the formulationof
1:0 ratio of amylose to EG@ shows the watetinsoluble EC polymer incorporation in the film

component was mandatory to I mprove the amyl o

The other formulationg1:1 and 1:2 ratio of amylose to EC), fr@mature release of their
content here in gastric and small intestinediais due to itsverythin coating thickness and

larger amount of amyise proportion in the filMforming material

3.4.2 Fermentation studies

Metronidazole release from the filmooated tablets vas assessed in conditions simulating the
human colon (staing from the & h to the 14" h at a pH around 7.2 with and without a
bifidobacterium cultured from a fecal matter of three healthy individuals). The resué
expressed as cumulative percentagdreigrelease versus time profilesigire 3.6 and 3.7 then

3.8 and 3.9 in the subsequent subtitles).

Similarly, a calibration curve wakawn to estimate the percentge of drug release in the

colon

3.4.2.1 UV Calibration curve for fermentationcolon:

From the stock solution containg222 pg/ml of metronidazole in plephate buffer of pH 7.2,

a series of dilutions werepreparedto get twelve different concentrations (raimgy from G
=5.00ug/ml to G2=60.00 pg/ml) The corresponding successive UV readiwwgse found and

the mean absorbance (A)astaken to draw the calibration curve. The experiment was done

three times.
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The absorbance (at 278m) versus concentration of the solutions was plotted and a
calibration curve with a linear regression equation ¥%f= 0.0163X + 0.0207 (where Y is the
absorbance and X is the concentration in pg/ml) and correlation coefficind{® 9998 were

obtainedshowinggood correlation between the absorbance and the concentraffeig. 3.5)
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Figure3-4: Standard calibration curve of metronidazole in phosphate buffer (pH 7.2) at 278
nm with 95% confidence interval; (R2 = 0.9998).

3.4.2.2 Fermentation

Colon simulated fermentation study was done in the presence of colonic bactaria (i
phosphate buffers solution of pH 7.2At predetermined time intervals samples were
withdrawn andthe absorbance readingundert®/pect r ophot omet ermaxat a w

278 nm was read.

As mentioned in section 3.4.1, some formulations had beenadiredisqualifiedfrom
candidacyas a CTDDd&ue totheir releas of more than 15% of their content in the upper GIT

before reaching the colon. Hence, their value is nihmthree-dimensional grapln Fig. 3.5.

Belowis thethree-dimensional (X, Y, g)gphfor the remaining 12 samples demonstratiting

result of the fermentation process througime (Xaxis) the progression of the cumulative
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percentage drug releasgrocess (Y-axis) that was continued from dissolutiorio this
fermentation procesgor eachratio amylose to EGrom 1:0 to 1:5)and the thicknesses (2%,
4% and 6%) in % TWiBthe film coat (Zaxis).

Fermentation in Colon

® 8

[s1]
(=]

Cumulative % drug release

Timein hr.

: — o
14,14 1-4

e O e O P
2% 4% g9y 2% 49 2956

-2, 13, 1:3,

Ratio and Thickness

[0-20 ©20-40 140-60 1160-80 @B80-100

Figure 3-5: The colon simulated fermentation studies on the release of film coated tablet
showng the infuence of the coating thicknessd the rati® of the film forming
materialsin three dimension

For the drug metronidazole, according to the monograph, the release of Q+5 or 85% +5%
amount of drug release from a formulation is enough amountrafjchvailable for a treatment
(USP3ENF25<711>, 2007Mence, in the above gragffig. 3.5),those five formulations with

more than 90% drug release in the colon ah®wn in blue (the upper half of blue) and they
are; 1:16% 1:24%, 1:26% 1:32%,and 1.3-4%.

Hence, the results depicted that the drug content with these formulatr@hsased only in the
colon It pas®dthrough the upper GIT intadr it lost onlyan insignificant amount < 1 ®f %)
their drugcontent. These spatial drug release or local drug release is because of the presence

of the colonic bacteria which makes it different from the previous two mediait Ags
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mentioned earlier, the RS content of the film coat is a sutstfor the colonic bacteria and
that is the onewhichisdigested by the local bacteria. This leaves an opening in thecbht

of the core tablet which pavee way for the drug delivery to the colan

In the same medium, the extreme decline of théease of the drug as the proportion of EC
increassi n the film shows, EC is rather a barrie
by the bacteria nor could it badissolved in the medium as itasvaterinsoluble polymer which

acts only as a gtcturing agent of the film.

The five formulation; theatio of 1:1 with thickness 6%, ratio of 1:2 with thickness 4 % and 6%,
andthe ratio of 1:3 with thickness 2% and 48 observed to be the best combinat®for

the design of a filntoated CTDDS. Atiugh the role of RS and EC in the drelgas process
explained well, the extent of the influence of the film thickness for this CTBDSt
determinedeven atthis point. Which one, the film thickness or the film content is the primary
factor? and whid one is the subordinate? These could only be answered in the next section
of a fermentation test with the absence of human fecal bacteria in the medium which is
equivalent to the absence the RSeffectin the filmmaterial If the presence of the RSt
center of the CTDDS, the drug release will not occur atr aflay occur insufficiently (30 %)
because of the absence of the digesting bacteria. Otherwise, regardless of the content of the
film, only the optimization of the film thicknessould givean independent CTDDS somehow

at some pointand that shall be the focus

3.4.2.3 Fermentation ést oncontrols

The whole experiment of fermentation was similarly done on a cor{trothe absence of
human feces i.e. in the absence of colonic bactdra null the effect of the RS on the drug
release)and the result is depicted in the following two graphs; first as cumulative percentage
drug release versus time profile and second as a three dimensional graph showing how the

percentage release relate with the ratand TWG of the film coat against the running time.

Here,the following graph (Fig. 3.68hown that thecumulative percentage releag¥axis)for
eachsample thickness % TWG (2%, 4% and 6Rith different content of thefilm coating
53



solutions (1:0to 1:5) ratiosof amylose to ECZaxis) againsthe runningtime (X-axis) for the

fermentationtest on control

Fermentation test on control

CUMULATIVE % DRUG RELEASE

TIME IN HR

RATIO AND THICKNESS

@05 E510 ®10-15 m15-20 @20-25

Figure3-6: The test on control fa colonsimulatedfermentationstudies showing the ildence
of the ratios of the film forming material and the coating thicknessthedrugrelease
of the film coated tablesin the three dimensioal graph (from t= 0 to t=&).

As can be seen from the above grapaisthe tested 12 formulationsould not elease more
than 25%of their content in colon regardless of the same film thicknasd amylose to EC
ratio were used as in the main fermentation test (section 3.4.@&2¢re five of its formulation

releasel more than90 percent of treir content in the céon only.

The absence of the fecal matter in the colonic medium is the absence of the colonic bacteria
which is responsible for digestion of the RS that could open pores and cracks on the surface of

the film-coated tablet for a drug release by the processliffusion and erosion, respectively.
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This makes the amount of amylose in the film, the bacterial substrate, rather a governing
factor for the drug release than the thickness of the film which is just the eyt for the

diffusion to takeplace $ortly.

Subsequently, thehickness is the subordinate factor for the drug release in the process of
pore opening for diffusion or crackAmgt for e
has the potential to delay thdrugrelease.The reason isthe thicker the layer the longer it
takes for the colonic bacteria to digest RS to uncover the core drug enalso the longer the

diffusion path to becoméor the drug release

3.4.3 Analysis offrugreleasekinetics

The drug release of such a firpated tablet is expected to be controlled by the superposition

of diffusion and erosion. In the present experiment; First, in a simulated gastric and intestinal
environment; the drug release is mainly controlled by diffusion as the film cracks due to the
larger numbers of pores not yet occurred. Still, a faster and higher drug release kinetics was
observed for somef theformulationsbecause of the coating thickness and thegeramount

of amylose in the film coat. The higher the amylose portion theelatige number of pores to

be opened due to the hydrophilicity of amylose while thanerthe film the shorter the path

for the diffusion of the drug to take place through the EC polymer scaffold. These were shown
on all of the formulations of 1:0 and s@of 1:1 ratio of Amylose to EC withthanner film

with higher portion of amyloseSecond, the releasing mechanism is by the superposition of
diffusion and erosion in that of theimulated colonic environment. ltimately, it rather
becomes by erosion cHig. The possible explanation ftris is, the smaller volume (b 44

ml or an average of 13mbf the colonic fluid contribution to dissolve the drug through the
pore for diffusionmight be insignificanand the role of diffusion is very smaBut oncethe
film coat containing the natur al pol ysacchar
the film get cracked l¢ing the drug eroded by the colonic fluahd consequentlynaking the
dominant releasing ketics for the systento bean erosionChenet al.,2007; Kosaraju, 2007;

Puet al.,2011)
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3.4.4 Dissolution and fermentatiosultSummary

There are many factors like Gl motility, disease condition and the number of colonic bacteria

that might affect the drug release frombacterially triggered CTCHKarrout Y, 2008 But, if

we consider the above factors to be constant or chasbghtly, the whole dissolution and
fermentation data in this study indicate that the ratio of amylose to ethylcelluiose t he fil m
coat and the thickness of the coating are the key parameters for CTDDS developedite

reasons behind this ardé proportion of the R#hat affects the availability of the substrate

for digestion by thecolon bacteria for opening path fordrug release Ard thickness of the

film is the one that delays or prevents the diffusion of the drug through the pores.

A range of TWG fromP2 to 6% and a ratio of amylose to EC from 1:0 to 1:5 were tested in the
process of dissolution and fermentationut3 as can be seen from the table (TaBld) the
optimum percentage drug released for a robust fitmated CTDDS were found somewhere
between the two extreme values, rather exactly lining the junction of the éxtrene ratios

and thicknesss. In Table 34, it is shown thathie largest amount of amylose with the smallest
thicknesssfound on top left cornervhich release the drug abruptiyhile the largest amount

of EC with the larger thicknessfound onright bottom cornerthat release the drug barely
The fivebest formulations chosen forCTDDS arécated about the center of these two

extremevalues(in yellow)

Table 34: Sumnary of dssolution anddrmentationstudies for differentatio of amylose to
EQwith sixsamplegroups each having thickness of 2%, 4% andn6dsimulatedyastric, small
intestine and colonic environment.

Ratio of Amylose=C
TWG | Releaseite 1:0 1:1 1.2 1:3 1:4 1.5
G&S.l iF iF + X X X
2% Colon 4 4 4 4 X X
G &Sl + + X X X X
4% Cdon i i i i X X
G&S. + X X X X X
6% Colon 4 4 4 X X X
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Key.

An area that released both in upper GIT and in colon

X An area thareleasedneitherin upper GlThorin colon
X

An area that did not release in thpper GIT but only in
+ acolonC i.e. Colon targeted!
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4. CONCLUSION

The whole dissolution and fermentation data in this study indicate thatdrug release from
the coated products was accelerated in the fermentation environment of the colas.i$h
attributed to bacterial digestion of the RS component of the filoat producing pores through
the EC polymer for drug diffusion and the ultimate breaking of the film coat fodthg to be
released byerosion Still, only five formulations managed releasea sufficient amount of the

drug content in the colon area but not in the upper GIT

The results of this experiment indicate that the ratio of amylos&n the filmcoatand the
thickness of the coating are the key parameters in controllingy release from the system
Whenthe amount of RS in the film coating material incresdeig release increasesd vice
versa The reason islarger amount oRSn the bend means the bioactive component create
larger numbers of pores for difsion ard erosion of the drug. On the contrame increaing
of the film-coating thicknesslecreaseddrug release This is because the increase of film
coating thickness increases the length of tbdfusion pathway for the drugwvhereas

decreasing thickness ireaisesthe release.

To compare the influence of the film coating matedahtentversus the coating thickness on
the extent ofthe overalldrug release, a control test was done omitting the RS effeat the
formulation. The result was a significant dease in drug release. This makes the amount of
RS in the film, the bacterial substrate, rather the basic factor for the drug release than the

thickness of the film.

Consequently after the optimization of amylose,the film coating materigalamylose with
varied proportion of EC in the coating formulatigand the adjustment of the film thickness
the ratio ofamylose to EC df:1 withfilm thickness6% TWG ratio of 1:2 with thickness4 %

and 6%TWG and ratio of 1:3 withthicknesgs2% and 494 WGwere fourd to be the best
combinations torelease the drug contet s u f f 90%in the dolbnyonly This justifies

t he evaluation of a fil m RSwhithgivegall tebaanefirof a l
the required CTDD®assucceshul in this study.
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5. SUGGESTIONS FOR HERWRK

- Direct quantification and identification test of the RS found from the total starch, using AOAC

Official Method 2002.02 or argther better methodfound.

- In vivodissolution and fermentation studymethod in the testof the film-coated tables for
CTDDS
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APENDIX |

a)/ FfOodAg I GA2y F2N UK Smylase Anddyelienzyhitic tidestianNdE I G A O

starch:
The preparation was presented in capsule form.
1 Capsul€ontains”h, 1,300mg of Parnc e a tamyasea
Then, 1,300 mgf Panc e a tamyasdy 32 gm starch

Accordingly the # of capsule (amount dPanec e a t-amyglase} needed to digest a given

amount of starch could be obtained easily as:

1,300 mg (1 Capof Panc e a tamydaséy 32 gm starch
X? A 100 gm starch

X=4062.5 gm

1 cap.A 1,300 gm ; 4,062.6 3 cap.

b) Calculation for the amount of Amyloglucosidase (AMG) in the enzymatic digestion of

starch:
The preparation was presented in powder form.
75gm of AMG could digest 100 Ib. (453.59gm ) of starch

Accordingly, the amount &AMG needed to digest a given amaw starch could be obtained

easily as:
75gm of AMG foA, 453.59gm of starch

Y? A 100 gm of starchY=16.5 gm of AMG.
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APPENDIX I

a) Color change result of the test for TS

(a) (b)
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c) Variations in the Physiology of Human Gastitestinal Tract (Amidoet al.,2015)

Organ Contents pH

Stomach  Thin soluble mucus, HCI, intriosfactor, pepsin, lipases, gastri 1-1.5
histamine, serotonin, somatostatin

Small Chyme (from stomach), alkaline mucus, intestinal juice whic 5-.7.5

intestine mostly water, motilin, cholecystokinin, brush border enzyn
(maltase, sucrose, lactase, enteno&se and carboxypeptidase) B
(which contains electrolytes, fatty substances, bile salts
pigments), pancreatic juice (a bicarbonateh fluid containing
enzymes)

Cecum Mucus, enteric bacteria, vitamins, food residue, gases suc! 5.57
carbon doxide and methane

Ascending Mucus, enteric bacteria, vitamins, food residue, gases suc/ 5.7-6.9

colon carbon dioxide and methane

Transverse Mucus, enteric bacteria, vitamins, food residue, gases sucl 5.87.4

colon carbon dioxide and methane

Descending Mucus, enteric bacteria, vitamins, food residue, gases sucl 6.37.7

colon carbon dioxide and methane

Rectum Undigested food residues, mucus, epithelial cells from the intes ~7

lining, numerous bacteria (millions), some remaining water
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