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ABSTRACT

lthe effeetg of alietary carbohyalrate on the inductíon anal

gro!¡th of aberrant erypt foci (AcF), andt on the proliferative

índlices, ie. nitotic activity andl labetling indlex, were

investígatedt in the colons of sprague-Dawley ratE. ThiE

theEis consístecl of three studies.

In studty r, eight sprague-Da!¡l'ey male rats were injected

!¡íth 20 ng/kg Ao!'f (sc). one week later rats wêre randlonly

allocatecl to experinental atiets containing 50% ([t/et) dlextrose

or 50% (!t/!¡) sucrose ltith 4 ratE/group for 4 !¡eeks. The

number, crypt nultiplicity (number of crypts in each ÀcF) and

the Eíze of AcF were enumerateal in the colons. RatE fedl

dlextroEe had a significantly hígher average nu¡nber of crypts

per ACF than the sucrose group (2.2 versus 1.8 respectively)

(p< 0.05). Dextrose appearedl to supPolt the groltth of ACF

conpared to sucrose.

îhe effect of varying levels of cornstarch (cg) on ACF

paraneters anct protÍferative indices was investigated ín studly

II. In thig study, dlextrose served as the source of sinple

sugar. A totat of 23 rats were injectecl v¡ith AOM (20n9/kg,

sc) andt one eteek later ran¿lo¡nized into 3 experimental dliets!

15% cs, 30å cs or 45t cS (!r/w) fol I lteeks. Fewer AcF were

observed in the soLons of rats fed 30% (w/!t) cs diet conparedl

to those fedl the 4s% (w/w) cs iliet (p<0.0s).

Lv



Furthernore, the 3o* cs dtiet rtas assocÍated ?¡ith greater

nítotic activity, and 4sU cs with a higher labelling indlex'

rn study III, rats !¡ere fe¿l aliets containing eÍther raw

or thernally-treatedt cornstarch (RCs or TcS respectively) at

aloses of 15% anal 45% (!r/!t). rn adlilition, a lactulose (1)

group, 15% RCS + 1% f (w/w) was incluale¿t as a control' Fifty

male sprague-Da!¡Iey rats were ínjectedl with AoM l2o mglk.g'

sc). one week later, rats were ranalonízecl and assigneal to

fíve treatments of 10 rats/group for I weeks. Faecal

parameters such as PH, weight, andl water content stere

recoraled. Using a generalizedl Al'IoVA test, it was evident that

there ltere no signíficant differences ín the total nuaber,

crypt multiplicity, and size of AcF ¿lue to dlietary treatments'

Honever, further testing l¡ith orthogonal statistical

statenents indicateal that cooking had a significant ínpact on

crypt nultiÞlicity (p=0.02) anal on size of the ÀcF (p:0.04).

Rats feal 45å (w/vt) Tcs dtiets hacl a higher proportion of AcF

with Íncreased crypÈ nultiplicÍty in theír colons conPared to

the 45? Rcs (!t/w) group (p<0.05). Faecal parameters such aE

pH and weight ltere affected by dtiet specifically in the 45%

TcS group. Findings on proliferative ínc!ices in the colonic

epíthetium !¡ere inconclusive. The results of study III

denonstratecl that Tcs which indeedl contained sone amount of

resiEtant starch (Rs) díat not suppress the growth of AcF'



rt was conclucledl that dlietary carbohy¿lrates are eapable

of nodlulating earl.y events in coLon cancer. Furthernore a

dlistinet protective effect of diets containing high anounts of

ralr or thernal ly-treatedl starch was not alernonstratedl.
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CHAPTER I

INTRODUCTION

CoforectaL cancer is one of the major neoplastic diseases

which afflicts a J-arge portion of the population aged 40 and

above in both North America and Europe (Fry et a1, 1989).

Approximately 60,000 deaths per year ín North America can be

attributed to cancer (Robbins and Kumar, 1987 ) .

npidemiological and recent experimental studies suggeEt a

strong correlation between the type of diet consumed and the

incidence of cofon cancer ( McKeown-Eys sen ' 1'987; wynder,

1987), Epidemio J-ogical. findings have suggested that in

industrialized nations the heavy consurnption of dietary fats,

proteins, and refined carbohydrates (CHO) contributes to

increased pre-dieposition to col-on cancer compared vrith

developing countries (Burkitt, 1-97I:. Hif1, 1975). Heafth

professionals in developed nations are encouraging increased

consumption of compJ-ex CHO such as non-starch polysaccharides

(NSP) and starchy foods to help reduce risk of colon cancer

(Canadian Cancer SocietY, 1992) '

Dietary starch is proposed to have a protective role

against the deveJ-opment of colon cancer. It has been

postulated that starch coufd be a valuable substrate for

rnicrobial fermentation. Starch is hypothesízed to be degraded

and converted to short-chain fatty acids ( SCFA) by microbial

anaerobes in the colon, Essentiat SCFA such as butyric acids
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are purported by investigators to enhance cell differentiation

which has potential implications in retarding the deveJ.opment

and growth of col-onic tunours (Cummings and Engylst, 7987 i

KlurfeJ-d, 7992). In addition, as a result of increased

concentrations of SCFA in the colonic lumen, it has been

suggested that thj-s could resul-t in a decrease pH ín the lumen

( Ne\4rmark and l-,upton, 1990 ) . It hês been theorized that a

Iower co.Lonic pH could l-ead to a significant physioJ-ogical and

bioche¡nical- changes in the coÌon, such as the suppression of

the production and bioavailability of secondary bil-e acids

which are suspected tunour promoters (Bartram et al-r 1991).

The nain objective of this thesis was to investigate the

effects of feeding a complex carbohydrate, sÈarch, on the pre-

neoplastic and cytokinetic events in the colons of sprague-

Dawley male rats. The specific purposes \^¡ere:

To invesÈigate differences between dextrose or sucrose

diets on Sprague-DawJ-ey male rats with respect to the

devel-opnent of preneoplastic lesions and proliferative

activity.
To determine the effecte of feeding graded doses of raw

cornstarch ( l-5t, 30t, 458 \r /\^I) on ACF development and

proliferative status in the colons of Sprague-Da\^¡l-ey rats.

To compare effects of ra\^, and therma I ly-treated

cornstarch on the development and growth of ACF as well as on

cytokinetic events in the colonic epithelium.



CHAPTER II

R.EVIE\ry OF X,ITERATURB,

To put this thesis in proper perspective, this l-iterature

review provides a brief overview of cancer as a disease, the

findings on epidemiological studies pertaining to diet and

cancer association and experimental approaches avaj-fabIe to

assess the role of dietary components in the aetiology of

colon cancer. Furthermore, this review includes a discussion

on starch as a nutrient and its potential rol-e in the

devel-opment of colon cancer.

2.I CANCER

Cancer develops through a multistep process involving

several cell-ular and biochemical changes (Farber,1984). In

each step, new cel-1 populations devel-op with altered

cytological appearances, and biochemistry (Farber and Sarma,

1987; F'arber, IgB4), In the past decade various organs have

been used as models for the stepwise analysis of cancer'

Attention has been focused on the liver, skin, and the

gastrointestinal tractf especial-ly changes that these tissues

undergo during cancer (Farber and Sarma, 1987). Studies on

skin and liver carcinogenesis have enabled investigators to

divide the carcinogenic process into two main stages:

initiation and pronotion (Farber and Sarma, 1987). It is

believed that a dynamic equilibrium between ceII l-oss and
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renev/a.I exists, l,/hich must be controlled by a series of

homeostatic mechanisms (Sprinz, 1"977ll , The homeostatic

baLance is disrupted when the DNA of a cell- becomes exposed

and damaged by a carcinogen. The "exposed" cell is not an

"initiated" celJ-, but contains a modified DNA. Initiation

wil-l- occur only if the modified DNA is not repaired, or is

repaired incorrectly. After cell- division, cells containing

al-tered DNA may exhibit properties of transformed ce11s.

Following this critical- replication, ì-nitiated or transformed

cells are genotypically dífferent but not yet phenotypically

distinguishable from normaf cells. Further growth of these

cel1s depends on the post-initiation environment of the ceIl,

which is important in the promotional stage.

During promotion, mitotic activity in the initiated cells

is favoured. with further cell proliferation, these cells

which are considered preneoplastic in nature could develop

into focaf proliferative l-esions. The underlying mechanisms

that triggers the progression of focal- proliferative Ìesions

into more advanced premal-ignant or malignant fesions remains

unknown.

Histogenesis of colon cancer has been extensively

investigated in aniinal- and hurnan models ( Sunter, 1980; Pretlo¡¡¿

et al, 1991; Tudek et aI, 1989; Roncucci et alf 1991). It is

believed that initiated cel-f s originate in single crypt units,

and that col-on carcinogenesis involves several- steps of

preneoplastic events (Chang, 1980 ) ' These preneoplastic
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events are accompanied by crypts with altered morphology,

focal proliferative lesions, and microscopic and macroscopic

.Iesions exhibiting dysplasia prior to the appearance of cancer

(Farber and Sarma, 1987; McI-,elf an et aI, 1"99lb; McLel-Ian et

at, 199lc; Robbins and Kumar, 1987i Roncucci et al, 1991).

2,2 DIET AND COLON CANCER: EPIDEMIOLOCICAI, STUDIES

Studies comparing international, migrant, and religious

groups suggest that diet coul-d be an important risk factor in

the developmenf of colon cancer (Burkitt' 797Lì Hil-I , 1975,

Reddy, 1980). It has been proposed that countries or

population groups possessing hígh risk of col-on cancer

development have higher intakes of total fat and relatively

low intakes of fibre (Canada, uK, usA) (Burkitt, 1971; Hill-,

1975; Wynder, !987 ¡ Reddy, 1987). A consistent association

has been found bet\^reen incidence of colon cancêr and

consumption of animal proteins (Bingham, 1988) ' Studies on

groups have revealed that there is a higher incidence of bowel

cancer in second generation Japanese migrants líving in Hawaii

compared to their counterparts Ìiving in Japan (Reddy, l-980) '

Differences bethteen migrants and native Japanese populations

were attributed to the adoption of \¡restern dietary habits by

the nigrant populations (Reddy' 1980) ' The Japanese migrants

diet is high in aninal protein and fat (408 of calories),

whil-e native Japanese consume a diet low ín fat (10-158 of

calories) but high in fibre and starch (Reddy, 1980; wynder,
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1987), Also, studies on religious groups revealed that

certain J-ifestyle patterns could decrease the incidence of

col-on cancer, For instance, studies have reported l-ov¡ colon

cancer incidence anong Seventh Day Adventists (Reddy, 1980)'

These Adventists are known to consume hiqhly fibrous diets

including who.Le grain breads and cereals, and to abstain from

meat.

Hj-gh fat, l-ow fibre diets lead to the nobilization of

biliary steroids, which are required for the digestion and

absorption of fat. Excess amounts of bile acids, and

cholesterol-, are excreted into the colon, where they undergo

biotrans formation by the action of the colonic microf l-ora

(Nair, 1988; Nigro et al., !979; Bresalier and Kim, 1985).

Evidence indicates that faecal secondary sterol and bile acids

are potential tumour promoters (Bird, 1986; Bruce' 1987).

Col-onic perfusion studies have demonstrated that both

deoxycholic and free fatty acids are abl-e to danage the

surface of the colonic mucosa (Bruce' 1987). In response to

this injury, rapid cell prol-iferation is initíated, ín which

increased S-phase ceIIs and mitotic activity can be found in

the crypts (Deschner, 1987; Lj-pkin,1988) ' In this condition,

hyperpro I iferation is generally regarded as a compensatory

rnechanism in which damaged epitheliaJ- cells are replaced with

new ones (Bruce and Bj-rd' 1986; Deschner, 1987). In the

hyperprol i ferative statef epithelial cell-s are highly

sensitive to carcinogenic agents, vrhich increases the risk for
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neopl-astic transformation (Bruce and Bird, 1986). Based on

these fíndings experimental- approaches have been devel-oped to

exarnine the relationship between diet and col-on cancer

developrnent.

2.3 CURRENT EXPERIMET¡TAL APPROACHES USED TO EKAMINE TIIE

EFFECTS OF DIET ON COLON CAI{CER DEVELOPMENT IN AN

ANIMAT MODEL

The foJ-1owíng experimental approaches are currenLly

employed to study the effects of diet on colon carcinogenes.is:

I-,ong-term tumorigenesis studies.

The examination of risk rnarkers associated with

the luminal environment and colonic tissues.

Short-tern studies involving early precursor lesions

as biological endpoints.

2,3,I Long-Ter¡n Tumorigenic Studies

lumour induction studies are frequentLy used to assess

diet-cancer relationships, although these studies can be

afforded by only a handful of investigators. rn most caseÊ,

large numbers of ani¡nals are injected with a colon specific

carcinogen using single or multiple injections. The animals

are then assigned to specific diets. Some weeks after

initiation (usual-ly 30-40 \^¡eeks), the tumour incidence and

multip]-icity are neasured, and histological examinations are

1)

2)

3)
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carried out.

Reddy (1980) reported that rats treated vtith I'2-

dimethylhydraz ine (1,2-DMH) and fed diets consisting of 208

corn oíf and 208 wheat bran had lower numbers of tumours than

control groups (209 corn oil and 08 vrheat bran). A simiLar

inhibitory effect on tumour growth by fibre was demonstrated

in rats fed 308 cell-ulose (1'95 tumouts/rat) cornpared with

rats placed on a fibre-free diet (4.0 tunours/tat) (Nigro et

al, Ig79), The promotional effects of bile acids on

increasing tumour frequency were noted in rats given

intrarectaf insti l- Iation of methyJ. -N ' -n itro-N-nitro soguanidine

(MNNG) and cholic or chenodeoxycho I ic acids (Reddy et al-.,

Ig77). Tumorigenesis studies have shown that diets containing

bil-e acids enhanced tumour growth, while lor^¡ fat, high fibre

diets appeared to reduce tumour development.

Tumour induction studies do not aÌl-ow investigators to

assess the mode of action of the dietary components in the

development of this disease. It is difficult to assess if the

diet is acting on the earJ.y versus l-ate stages. The

inconveniences of tumour incidence studies have prompted

investigators to search for new and economical alternatives,

such as the use of risk markers as biological endpoints '

Employing risk narkers as biologicaJ- endpoints enables

investigators to assess the risk for developing the disease

rather than conducting an examination which studies the

development of the disease itself.
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2.3.2 Risk Markers Associated with The l,uminal

Envi ronment

Attempts have been made to quantitate the presence of

genotoxic components in the faecal stream. It is suggested

that genotoxic compounds are found in higher concentrations in

the faeces of populations consuming high fat, I o\'/ fibre diets

than in the faeces of those consuming low fat' high fibre

diets (Reddy et al, 1989; Bruce, L987; K]urfeld, 1992\, À few

of these compounds: fecapentaenes, steroids, and heterocyclic

amines have been identified by nuclear aberration and assay

for rnutagenic activity in bacteriaJ- systems (Wakabayashi et

aI , L992; Bingham, 1-988; Bruce, 1987).

Other studies have indicated that el-evated l-evels of

faecal secondary bile acids, particularJ-y lithocholic and

deoxycholic acids, in the colonic lumen are useful- risk

narkers; secondary bil-e acids are reported to act as pronotere

in experimental- tumorigenesis (Reddy et al-' 1989; Nair,

1988).

Dietary inf .l-uences in al-tering the colonic luminaJ- pH

couJ-d pì-ay a significant rol-e in tumour development. It is

proposed that certain dietary components such as undigested

proteins could be used as substrate by facultative bacteria,

resulting in production of ammonia' v/hich in turn may increase

the pH l-evel of the colonic content (Newmark and Lupton, 1990;

Engfyst and Cummingsf 1987), It is proposed that an al-kaline

pH in the l-umen creates an environment which favours the
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bíoavailability of acidic lipids, ie' bile acids, and enhances

their tunour prornoting effect (Brucer 1987 ì Newmark and

L.,upton, 1990; ). Therefore, a few animal studies have focused

on .lowering the pH of the colonic mucosa by feeding high fibre

and low fat diets, or by employing acidifying agents such as

Iactu.Iose (van Berge Henegour^¡en et al, l-987 ) '

2,3.3 The Examínation Of Risk Markers In The Colonic

Tissues

2.3,3,1 Enzymatic Risk Markers Associated With Colonic

Neop l as ia

Enzymatic changes in the colonic tissues associated with

the risk of disease have been measured in experimental col-on

carcinogenesis, Thymidj-ne kinase activity, vühich is essential

for DNA synthesis h¡as measured and found to be el-evated in

early neoplastic Lesions and colonic adenocarcinonas compared

with normal tissues (Lipkin, 1971). Bile sal-ts are believed

to increase proJ-iferative activity of the coLonic epitheLium

by stimuJ-ating activity of enzyrnes such as protein kinase C

(PKC) and ornithine decarboxylase (ODC) (KJ-urfeId, 1992i

DeRubertis and craven, f987). Both of these enzymes are

proposed to be associated wíth increased ce1l growth and

differentiation in nornal and malignant cells (Pegg, 1986;

o'Brien, 1976) , Dietary íntervention studies have

demonstrated that the addition of 108 cellulose to a fibre-

free diet caused a 508 decrease in ODC activity, and that this
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inhibítion of oDC was associated with a significant decrease

in the induction of carcinogen-j-nduced tumours (Kingsnorth et

al, 1983; Klurfeld, 7992).

2.3,3.2 Measurement Of ColonÍc Cell Proliferation To

Predict The Risk Of CoLon Cancer Ðevelopment

Assessment of colonic cefl proLiferation has been

advocated to help quantify abnor¡naf biological processes in

the cofonic crypts r^¡hich couLd be associated with neoplasia.

It is generally believed that increased proliferation wil-I

.Iead to enhanced tumour development. These measurements may

encompass a variety of parameters empJ-oying different

methodological approaches such as the determination of mitotic

cells using the metaphase arrest technique. This technique

employs agents such as colchicine or vincristine which aflows

for the identification and quantification of mitotíc ce11s,

specifically during the metaphase stage of the cell cycJ.e.

Another approach pertains to the deter¡nination of DNA

synthesizing ceIIs by inrnunohi stochemical assessments

using 5 ' -Bromo-2 ' -deoxyuridine (BrdU) .

Although proliferative indices have been used by several-

investigators to assess risk, this approach has not been

validated. For instant, Robblee and co-workers ( 1990)

reported that ¡nitotic figures (MF) and labelling index (LI)

were âffected by dietary fibre independent of each other,

meaning that the two vafues did not corroborate each other.
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Rats fed 5S(w/w) wheat bran, 108 (w/w) cellulose or 1"08 (w/w)

pectin exhibited higher Lr in the crypts but at the same time

had l-ower MF (Robbf ee et al ' , i-990) . Gallo\^tay and coll-eagues

(1987) pointed out conflicting resuJ-t6 bet\4reen their tumour

incidence studies and cell kj-netic data' They reported that

rats fed a low fat, high fibre diet developed lohter numbers of

tumours but this v/as associated with increased cell-

proliferation. The proposed positive link bet\^¡een colonic

celI proliferation and co.l-on cancer development has been

widely-accepted by several investigators. Ho\n¿ever, the

findings outÌined above raise questions as to the validity and

sensitivity of these biomarkers as risk markers in

tumorigenesis studies.

overall, it is important to identify reliable risk

markers, because these can be employed using small number of

animals and l-imited time studies. However, it is important to

recognize that these prol-iferative biomarkers do not represent

the actual- disease, and should not be regarded as substitute

for the disease process (Bird et aÌ., 1989).

2.3.4 Short Term Studies EmPloving Earfy Precursor

Le s ions

A number of studies have been conducted to investigate

histogenesis of cofon cancer in aninaf model-s. In these

studies, it ís cfearly demonstrated that very early on,

following exposure to coLon carcinogens, coJ.onic crypts
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exhibit altered morphological features (Chang, 1984; Richards,

1977; f'Tiebecke et al, 1973). Ba6ed on these findings, Bird

(1987) developed a nev¡ method to identify and quantify early

precursor l-esions as early as tvro weeks in rodent colons. An

unsectionned colon is stained with methylene bl-ue and the

topographicaL area of the mucosaf surface is then viewed using

a light microscope. using this methodology, Bird (1987)

reported the appearance of early microscopic l-esions in

col-ons of rodents after chemical- induction. These l-esions

r^/ere termed aberrant crypts foci (ACF) and are hypothesized to

represent putative pre-neoplastic fesions ' This assumption

was based on the foJ-J-owing findings; firstly, that AcF are

only present after carcinogen treatments (Mcl-,ellan and Bird,

1988a). The appearance of ACF in the rodent colon was

observed to be induced specifically by colon carcinogens, ie.

1, 2-DMH and AoM (McLeIIan and Bird, f988b). A high fat diet

promotes the gro!,/th of ACF (Mcl,ellan and Bírd, 1-988a) ' The

induction and growth of ACF $¡as observed to be inhibited by

L r 2-disutfiram, an agent known to inhibit DMH-induced cofon

cancer (Mcl.,ellan and Bird, 19914) ' McT,ellan and co-workers

(199lb) reported that a majority of ACF exhibited varying

grade of nucl-ear atypia, indicative of dysplasia. Dysplasia is

a critical histopatho logica I marker showing that certain cell-

populations have the potentiâl to becone neoplastic. Some ACF

exhibited marked increase in nitotic and DNA synthetic

activity (McI,elLan et 41, 1991c). It is proposed that the
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examination of these preneopLastic lesions using parameters

such as total number, crypt multiplicity and size of ACF may

serve to help predict the disease outcome and this coul-d be

useful in identifying potential- modulators in coLon cancer.

2 .4 COMPLEX CARBOHYDR.ATE AI¡D ITS POSSIBLE ROI.,E IN THE

2.4,t Starch

Starch is a major energy source provided by foods such as

rice, corn and potatoes (Dreher et aI, 1984) ' Complimentary

to its nutritional- benefíts, starch has numerous functional

appJ-ications, such as its use as a thickener or an emulsifier

in various food systems (Light, 1990)'

2.4,2 Chemical And Structural Compositions Of Starch

Starch is a homopo lysaccharide, composed of a series of

a-D-glucose units that are linked either as a straight-chain

molecul-e known as amylose, or highly-branched structure called

amylopectin. Amylose is composed of gJ-ucose units linked by

d-D-(1à4) glycosidic bonds. Because of its smal1 rnolecular

i^teight ( 1.5 x l-0s-106) ' anylose can be found in dif ferent

conformational- forms (ailiaderis, 1991) ' The enz!¡mer d-

amylase degrades amylose, releasing endproducts 6uch as

naltose, and glucose (Dreher et al, 1984i Biliaderis, 1991).
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Amylopectin is a high molecular weight polymer (50-500

*16cr (BíÌiaderis, l-991). Amylopectin is composed of glucose

units linked by an ø-D-( 1â4 ) gJ-ycosidic bonds with

interconnecting d-D-(1à6) branching units (Dreher et af,

1984 ) . Hydrolysis of amylopectin occurs by a-amylase,

followed by various debranching enzymes such as pullulanase or

a-glucosidases (Aspinall, 1970; Gray et al, 7992). During

starch hydrolysis, the endproducts d-l-imit dextrin,

maltotriose, maftose, and glucose are released (Gray et aI,

1992; Dreher et aI, 1984; Aspinall, 1970). In contrast to

anylose, amyJ-opectin is stable in solution and rarely

recrystallizes (Dreher et aI, L984ì Bj-J-iaderis, 1990).

According to BiIíaderis (1-991), most native starches contain

bet\,/een 20 to 358 amylose content, Neh¡ technolog,y has enabl-ed

pl-ant breeders to produce plant strains with starch chemicaL

composition containing bet\^reen 50-80t anylose content compared

to amylopectin, (ie. Amylomaize) (Biliaderis, 1991). Mutant

strains composed primarily of amyJ-opectin such as waxy maize

can also be produced (Biliaderis, 1991). Amyfose: amyJ-opectin

ratios of different starches influence their functional

properties in food systems (BiJ-iaderis, 1991; Light 1990).

Starch granules vary in size and shape. They range from

l to 100 microns, and vary in shape from spheres to rods

(TrimbIe, 1983; Biliaderis, f991"). Since the earl-y 1930's'

researchers have been able to examine the x-ray diffraction

patterns of starch granules. Based on these studies, three
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distinct crystalline patterns \4¡ere identified in native

starches, cereal- starches exhibit A-type patterns while B-

type patterns are shor,¡n by tubers, hígh amylose, and

retrograded starches (Biliaderis, 1991). Legume starches have

a c-type arrangement, and possess an intermediate (between A

and B-type) structure (Biliaderis, 1991). The causes of

different crystalline structures are still unknown.

In this thesis, cornstêrch, a cereal starch was used in

all of the studies. cornstarch is categorized as exhibiting

a typical cereal crystalline A-type pattern, with a chemical

cornposition consisting of 282 amylose: 72* anylopectin

(Sievert and Pomeranz, 1990)' In general-, cornstarch is

classified as a cereal starch and is considered to be a

readily digestible starch (Englyst and Curunings, 1987).

2,4.3 Digestion Of Starch

The gastrointestinaJ- tract is the site for initial

hydrolysis of starch by salivary and pancreatic a-amylases

(Dreher et aI, 1984; Berry, 1986). End-products are d-limit

dextrins, maltotriose, maltose, and some glucose molecules

The release of(cray L992ì Dreher et af, 1984)

oligosaccharide molecules v/hich consist of approximately five-

to-nine glucose units causes the activation of enzyrnes from

the intestinal brush border (Berryf 1986). Starch digestion

ceases after the refease of glucose as an endproduct.

Recently, studj-es have suggested that a certain amount of
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starch consuned, may escape digestion in the smal-l- intestine

(Anderson et êf, 1981; Dreher et âf, I984; Englyst and

Cummings, 1987).

2,4,4 Factors Influencing Digestion Of Starch

Starch digestion is inf l-uenced by physical- and chemica.L

form, and cooking conditions (Dreher et'al. , !984; Biliaderis,

1991; Sievert and Pomeranz' J.989; Anderson et 41, 1981). The

rate of starch hydrolysis can be influenced by the physical

state of the granules meaning whether they are unground or

ground (o'Dea et aI, 1-980; Snovr and O'Dea' l-981; Heaton et a.l ,

i.gBB). In-vitro studies demonstrated that the presence of

whole grain wheat starch reduced the activity of pancreatic a-

amylase compared to niLled wheat flour (Heaton et al., 1988).

Differences bet¡¡¡een unground and ground starch granules are

reported to be caused by particle size. Large particle sizes,

result in a less surface area for a gj-ven amount of starch

( Sno\^, and O'Dea, 1981; O'Dea et aI' ' 1980).

The chemical composition of starch also affects the rate

of digestion and absorption (Sievert and Pomeranz, 1989). In

so.Lution amylose molecufes are capable of forming

intermolecular linkages with each other through hydrogen bonds

(Wo.Iever, 1991). As a consequence, hydration of amylose-to-

arnylose J-inkages occurs slowly which makes it dífficult for

enzymatic hydrolysis. Therefore, legurne starches which are

natural-l-y rich in anylose, are reconmended for diabetics
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rather than cereal starches (Goddard et al- ' | 'J,984).

Different types of processing conditions may also affect

the avail-ability of starch to the enzymes of the

gastrointestinal- tract (Englyst and Cummings, I9B7 i Russell et

al,, 1989; PanJ-asigui et aI., 1991). Processing conditions in

this study refers to the degree of ge].atinization (Ho1n et

af., 1989). Gel-atínization is the application of heat in

which starch granules are weakened (Tovar et a.I ., I99L). This

procedure .Ieads to the penetration of water molecul-es into the

interior of the granules, eventuaJ-J-y causing sÈarch granuì-es

to s\^/ef .I (Bennion, 1980 ) ' As a result of swelling/ the enzyme

has access to the interior which allows for the subsequent

cleavage of starch. Snow and o'Dea (1981) demonstrated an

increase in starch hydroJ-ysis with a-amylase for cooked oats

cornpared to rar^/ oats. Therefore physical, chemical and

thermal factors that affect availability of starch to

digestive enzymes may have profound implications for glucose

metabol-isn and large bowel diseases ' Based on these findings,

Englyst and Cunmings (1987) suggested that a nutritional

classification for starch be establ-ished. the groupings are

based on the rate of starch digestion in the smal-l- intestine.

2.4,5 Nutritional Classífication Of St,arch

2 .4,5 ,1 Readily Digestible Starches

Readily digestible starches (RDS) are primarily consumed

as freshly cooked foods or as ready-to-eat cereals like
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breakfast cereals (Englyst and Cummings, 7987; Dreher et.a1.,

1984). Engl-yst and Cummings (1987) predicted that these

starches can be easily digested by enzl¡mes of the gut,

Research has shown that glucose Ievels and insuLin responses

were greatl-y increased when RDS was incorporated into test

diets (Dreher et.a}, 1984). RDS gelatinÍzes at low

temperatures and in the gelatinized form are susceptible to a-

amylase attack (Englyst and Cummings/ 1987). A,Ithough' these

6tarches are readily digestible, whether indeed they are

completely digested in the human gastrointes t inal tract

remains debatable.

2,4.5.2 Partíally Resistant Starches

Partially resistant starches (PRS) are found in J-egumes,

raw potatoes, and bananas (EngIyst and Curunings/ 1987). Their

resistance to ø-amylase attack is thought to be due to their

B or C-type crystalline structures and to some extent to

retrogradation of amylopectin (Englyst and Cummings, 1987).

Digestibility of PRS improves with cooking.

2.4,5,3 Resistant Starches

Resistant starch (RS) is the product of hydrogen bonding

between anylose nolecul-es (Sievert and Pomeranzt 1989; Englyst

and Cummings, 1987 ) . It is unavail-able for digestion by

hydrolytic enzynes. However/ in the colon, it can be used as

a substrate for fermentation by anäerobic microbes.



20

Resistant Etarches are proposed to have a potential

significant rol-e in maintaining the heafth of the large

íntestine (Englyst and Cummings, 1987).

The physio-chemical properties of resi6tant starch,

includes resistance to re-dispersion in boiling water and to

enzymatic hydrolysis with pancreatic amylase (Engl-yst and

Macfarlane, 1986 ) . Resistant starches are soluble in

potassium hydroxide (KOH) or d j-rnethyl sulf oxide (DMSO). X-ray

diffraction patterns of RS reveal a B-type structure. These

structures are genera.Lly known to be resistant to enzymatic

digestion (Sievert and Pomeranz, L989).

2.4.6 Development Of Resistent Starch

2.4.6,1 Production Of Resistant Starch

The production of RS occurs through starch retrogradation

(Sievert and Poneranz, L989), Starch retrogradation occurs

when gelatinized amyJ-ose molecu.l-es are slowly cooled, and

certain portions of the molecules will- spontaneouËIy

reassociate. This process leads to the formatíon of strong

intermolecular hydrogen bonds among amylose molecules (EnglyBt

and Cummings, 1985). lnteraction6 betvteen amylose and

amyJ.opectin are believed to be invol-ved but to a lesser extent

( Sievert and Pomeranz, 1989).
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2,4.6,2 Factors which could contro] Production Of Resistant

Starch

A few factors that could affect the level of resistant

starch (RS) in foods are autoclave temperatures, water

content, number of heating and cooling cycles/ and the type of

starch (Russell et a1, l-989). Sievert and Pomeranz (1989)

demonstrated t.hat a positive rel-ationship exists betvteen the

.Leve.I of amylose in slarch and percent yieJ-d of RS.

AmyJ-omaize VII (708 amylose content) gave a higher yield of RS

than starches with low amylose percentages, such as waxy maize

(18 amyl-ose), potato (208 amylose), hrheat (25t amylose), and

pea starches (33% amyLose). Another factor is the autocl-ave

temperature used in producing RS. Temperatures between l-21

and 134 degrees Celsius seem to optimize the yieJ-d of RS whil-e

temperature such as 148 degree Celsius appeared to result a

lower recovery of RS (Russel-l- et al, 1989; Bjorck et al, 1987;

Sievert and Pomeranz, 7990) ,



2.4.7 ProDosed Role of Starch Or Resisùant Starch On fhe

intestinâI Mucosa

Severaf investigators have proposed that starch or RS

could modulate the growth of early preneoplastic lesions by

altering physiological conditions in the colonic lurnen

(Englyst and Cummings, L987; Ranhotra et al, l-991) . These

researchers have suggested that the presence of starch or RS

in the colon may help to stimulate bacterial- ferrnentation,

whj-ch in turn increases microbial growth and the production of

short chain fatty acids (SCFA). Increased faecal bulk may

hel-p dilute and bind potential carcinogens or promoters as

wel-.L as decrease transit time of faecal contents in the col-on

(Curunings and Englyst, 1987). In addition, high

concentrations of SCFA, specifically butyric acids, couJ-d help

enhance cell differentiation and maturation (Jacobs, 1987 ì

Klurfeld, 1992), Furthermore, the presence of SCFA like

butyrate, acetate, and propionate in the lumen could create an

acidic environment which may not favour growth of transformed

cells (Jacobs, 1987). Decrease in the cofonic pH may help to

inactivate microbial enzymes such as ß-glucuronidase and 7-a-

dehydroxylase (Reddy, 1980). Both enzymes are proposed to be

invol-ved in the metabol-ism of potentíaI initiators and

promoters/ respectively (Klurfeld, !992i Reddy, 1980). 7-a-

dehydroxylase is associated with the degradation of primary to

secondary bile acids, while ß-glucuronidase is invofved in the

re.Lease of free unconjugated compounds, whích are believed to
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act a6 potential carcinogens (Bartram et af, 1"992ì Reddy,

1980 ) .

2,5 RESEARCH PROPOSA¡

Starch is a rnajor component of the human diet' The low

incidence of colon cancer observed ín developing nations or

l-ess af f J-uent countries has been attributed to higher l-eve1s

of starch consumption ín developing nations compared to

affÌuent countries (Bright-See and Jaznaji, 1991). It is

proposed that the increased avaiJ-ability of starch as a

fermentable substrate in the colon could provide some type of

protection against coLon cancer (Jenkíns et al-f 1987; Reddy,

1987 ) . Severaf investigators have suggested that diets

containing starch or RS could be useful in the treatment and

prevention of colon cancer (Englyst and Curnrnings, 1987 ì

Ranhotra et af, 1991), If indeed this is the case' then with

respect to experimental carcinogenesis, it t^/ould be most

val-uable to investigate the potential inf l-uence of dietary

starch or RS on colon cancer development.

Therefore, the main purpose of this thesis is to

investigate the effects of dietary starch on the deveJ.opment

and growth of preneoplastic Lesions in the rat co.Lon in

conjunction with potential risk markers of co.Lon

carcj-nogenes is .
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CHAPTER III

GET{ERAL MATER.IAI,S AND METHODS

3.1 ANIMAI,S

Sprague-Da$rÌey nale rats (Breeding Centre, University of

Manitoba, wpg., MB., Canada) were used for all- studies ' The

rats \^rere housed in a suspended metal cage with wire bottom

grids with sawdust bedding, Room temperature htas maintained

al 24oC with 45t moisture and l2-hour alternating light and

dark cycJ-e. Rats r4rere fed ad libitum and had free access to

vrater.

3.2 CHEMICAI,S

Azoxymethane (AOM) , coJ-chicine, 5 ' -Brono-2 ' -deoxyuridine

(BrdU), and methylene blue were purchased from Sigma Chemical

Co., St. Louis, MO. Primary antibody for BrdU was obtained

from Becton Dickson, San Jose, CA., and immunoperoxidase

staining kit suppi.ied by ID L,aboratory, London, ont. AII diet

ingredients htere purchased from US Biochenical Corp' 
'

(Cleveland, Ohio), r^¡ith the exception of the following

ingredients: cornstarch was obtained from Canada Starch co.,

Pointe-CIaire, Quebec; dextrose from Staley Mfg., Decatur,

III.; sucrose and MazoIa corn oi.L purchased from Canada

Saf eÌ^/ay ( canada ]-,td. )



3.3 PREPARATION OF CARCINOGEN

Azoxymethane (AOM) vras prepared as

sal-ine. Animals were injected once with

weight) prior to dietary treatments.

25

a sofution in normal

AoM (20 mg/kg of body

3.4 DIETS

tnitially, rats hrere fed laboratory peIIet chow (Agwai

ProIab Animal Diet, rat-mouse-hamster 3000, Agivrai Country

Foods, Syracuse, Nev, York). AII experimental diets in our

studies were based on the composition of AIN-76 semisynthetic

diet (American Institute of Nutrítion) (Table 4.0, 5.0, 6.0).

3.5 BODY WEIGHTS AND FOOD CONSI'MPTION

Body weights $¡ere recorded biweekly and 24-hour food

consumption was monitored periodical Iy.

3.6 IDENTIFICATION ANd OUANTIFICATION OF ACF

Immediately after termination, the entire colon vras

excised and cleaned with normal- saline. The colon was divided

into three regions labelled; rectal-f mid, and caecaL.

Individual sections hrere opened al-ong the longitudinal axes

and flattened out bet\^reen two pieces of filter paper. Colonic

pieces were fixed flat in a petri dish containing 1-08 buffered

for¡naIin and/or 708 ethanol. An ordinary microscope slide \^¡as

placed over top of the filter paper/ lo ensure that the

tissues remained flat. After a nininun of 24-hours in the
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fixative, colonic pieces were stained with 0.28 methyl-ene bfue

in phosphate buffered saline (PBS). After 30-45 minutes of

staining, the tissues were placed on a glass sl-ide wíth the

mucosal- side up, Specimens $/ere viewed with a light

microscope using 10X and 40x nagnification pohter.

The criteria used in our J-aboratory to identify ACF with

only one crypt are the following: (a) the area occupied by

the crypt is at least two or three times greater than that of

the normal surrounding crypts, (b) the luminal- opening is

elliptical shape and the lining is much thicker than those of

the normal crypt6, (c) the pericryptal zone separating the

crypt from the normal surrounding crypts is greater than the

pericryptaJ- zone separating the normal crypts from one

another, (d) the crypts have the appearance of forning a

distinct focus, there are no norrnal-appearing crypts

separating the crypts within the ACF (Figure 3'0) (Bird et aI,

1989). This same criteria was used to define AcF consisting

of more than one crypt (Figure 3,0).

The parameters used to quantify ACF in the colons were

totaÌ of nu¡nber ACF in the colon, number of aberrant

crypts/focus (AC) , síze of ACF, and the distribut.ion of ACF

according to crypt nultiplicity. The size of individuaL foci

was recorded using a grid \^rhich had been placed in the

eyepiece of the microscope. Ten times and 40X magnification

lenses were used to count the number of squares on the grid

occupied by the foci. Each square in the grid had an area of
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FIGURE 3.0

FTGURE I,EGEND

Topographícal vietr of tlro AcF (À)
with a síngle crypt; (B) AcF nith
eight crypt nultiplicity. Note
surrounding normal appearing
crypts. Sone surrounding cryptE
atso exhibit abnorma] staining (A),
v¡hich nay leaal to AcF fornatíon.
¡'fethylene Blue staining.
200x nagnification.
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x10-2mm2 To determine the distribution of AcF with respect to

crypt muJ-tipJ.icity, the total- number of ACF with one crypt for

each rat, as well as those AcF having two or more crypts v,¡ere

recorded. The methods outLined above were used to identify

and quantify ACF in all subsequent studies.

3.7

MUCOSA

3.7 ,1 Deternination Of Mitotic Fígure Emploving The Metaphase

Arrest Techniaue

Tt^¡o hours before termination, rats were given a single

i.p. injection of colchicine (1.0 rng/kg), prepared in saline,

Co.Ichicine is an agent which blocks dividing cef l-s in the

metaphase stage of the cell cycle. Col-onic tissue of 0,5 cm

were excised from the recta.l- and midsection and sent for

histological- sectioning at the Department of Pathology¡ St.

Boniface Hospital, Wpg., MB. Sections were stained with

haematoxylin and eosin, Five to ten compl-eted crypts sections

v¿ere exanined on a Iight microscope for the presence of

metaphase celLs. The average mitotic figure (MF) and crypt

height (CH) per crypt section v1¡a s determined for each dietary

group. Crypt height measures the number of epithelial celÌs

in the mid-axial of the crypts in the colonic nucosa of

Sprague-Darvley rats.
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3.7,2 Measurement Of lJabelled Cells Bv

Immunoh i stochemical Technique

One hour before termination, rats were given a single

i.p, injection of BrdU (30-50 mg/kg) dissolved in a mixture of

normal saline:ethanol (70t). Bromodeoxyuridine is a thymidj-ne

anal-og, which is incorporated into the cel-ls' DNA during the

S-phase stage of DNA synthesis. This immunohl stochemicaf

procedure aIlows for the enumeration of cells engaged in DNA

synthesis. Col-onic tissues of 0,5 cn htere excised from the

rectal and rnidsection and fixed in 70* ethanol-. Tissues

sections \lrere returned from St. Boniface, unstained and

mounted on microscope slides, Unstained histological- sections

were then processed for immunohistochemi stry using an anti-

mouse immunoperoxidase staining kit. The steps for this

procedure are: (1) Unstained tissues were deparaffinized in

several changes of xylene and ethanol-, foJ-J-owed by hydrolysis

with hydrochloric acid (HCl). HCI is used to dissociate the

DNA strands to make the antigenic site more accessible to the

primary antibody. (2) Next, a blocking agent such as goat

serum was added, in order to mininize non-specific binding of

the antibody to cellular structures besides DNA. This was

fol-lowed by the addition of mouse anti-Brdu antibody using a

L:40 dilution in PBS. (3) Ensuing steps include, the use of

linking and peroxidase-Iabel- l-ed antibodies, and 3, 3'

Diaminobenzidine Tetrahydrochl-oride (DAB), a chromogenic

substrate soJ.ution, that a.I.Lows f or visual-ization and
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quantification of the antibody-antigen compJ-exes. The tissue

sections vJere counter-stained with haematoxyJ.in and dehydrated

by processing through alcohol and xy.Lene sequentially and then

nounted permanently. OveraJ-I, this technique allows for the

identification of BrdU-labell-ed cel-l-s in the crypts, Completed

crypts that extended from the muscularis mucosa Èo the lumj-naI

surface were counted, Crypt height, labefÌed cells, and

labeJ-ling index were determined for each treatment group.

3.8 STATISTICAI, ANAI,YSIS

GeneraÌIy, statistical analysis of the data was carried

out by Statistical- Analysis Soft\4rare ( SAS, l-988 ) using ANOVA

and the Duncan's multiple range test for pairwise comparisons.

A level of significance of p < 0.05 was considered

significant.
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CHAPTER. IV

STUDY I

THE EFFECTS OF SIMPLE CARBOHYDRATE ON PRENEOPI,ASTIC

4 .1. INTRODUCTION

The main objective of this study was to determine the

effect of simple carbohydrates, specifically dextrose and

sucrose on the induction and growth of AcF and on the

proliferative activities in the col-onic crypt6,

In most animal studi-es gucrose or dextrose has been used

as a source of simple sugars. cenerally, rodent diet contains

both simple and compJ-ex carbohydrates. The Ìevel of compJ.ex

carbohydrate is altered by increasing or decreasing the amount

of simpJ-e sugars/ sucrose or dextrose. The6e simpÌe sugars

differ from each other with respect to their composition and

physiological effects in the body ( Mckeo\^rn-Eys sen, L987 t

wynder, 1987; Jenkins et aI, l-987). Therefore, the purpose of

this prelíminary study \^/a s to determine if these refined

sugars are different frorn each other in affecting the

carcinogenic process in the colonic mucosa, This information

was necessary in order to select one of these sugars aE a

source of sinple sugar in future studies and in hopes of

noderating its effect on ACF by employing higher .Levels of



complex carbohydrate, such as starch.

a) 1 Diets

Modified AIN-76 semi-synthetic diets were used. These

diets contained dextrose (508, \¡¡/w) | ot sucrose (508, r^//w ) as

the source of simpJ-e Eugar ( Tabl-e 4 . 0 ) .

4.2.2 Study Designs

Eight Sprague-Da\^rley rats were used, Each rat received a

single s. c, in jection of AOM. One \4reek J-ater, rats vrere

randomized into 2 treatment groups consist.ing of 4 rats each.

Rats were terminated by Coz asphyxiation after 30 days,

Before termination individual rats \4rere given a single i.p.

injection of colchicine (1.0 mS/kS). The entire colon, caecaL

to rectêl- end was removed and exarnined for ACF and cell-

proliferation,

4 .3 RESUI,TS

Overall, there were no significant differences in body

weights of rats consuming different diets (TabIe 4.1; Appendix

A). Rats in both dietary groups increased their body weights

throughout the study (Figure 4.0). There appeared to be

significantly higher daily food and energy intakes in rats fed

the dextrose diet cornpared to the sucrose diet (Table 4.1)

(p<0.05 ) . The effects of simple carbohydrates on the

induction and growth of ACF is presented in Table 4.2. The

number of AC per focus was significantly l-o\4rer in the group
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TÀBIJE 4.0: PERCENT WEIGHT COMPOSITION (g/1009) oF THE
EXPERIMENTÀI. DIET8I

TNGREDIENT DEXTROÊE SUCROSE

CASETN
DI,-¡'IETHIONTNE
DEXTROSE
SUCROSE
CORNSTÀRCH
CEI,I,UFIT,
AIN.76 MINERÀTJ
!'f rx
ATN-7 6 VITÀ.¡'Í IN
!frx
CHOIJINE BITÀRTRÀÍIE
CORN OIIJ

ENERGY DENSITY
KCÀr., / GRÀ¡.f

? ENERGY FROM
PROTEIN
cHo
FAT

20.0
0.3

50.0

15. 0
5.0
3.5

1.0

o.2
5.0

3.86

2L. O

67.O
L2.O

20.0
o:t

50.0
15. 0
5.0
3.5

1.0

o.2
5.0

3.86

lArÀ¡-? 6 sEursvrgnrrc DIET
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TABT,E 4.1: MEAN BODY WE]GHTS AND DÀILY FOOD CONSUMPTION

TREÀTMENB N !,TEAN BODYI,2 UEAN DAIIJY3 ENERGY
GROUP I.SEIGHT FOOD INTAKE ( KcÀLs )

(GRÀMS) (cRÀMs)

DEXTROSE 4 3L7.8 È 10.0 21.8 È 0.58" A4.O ! 2.2^

sucRosE 4 335.5 + 17.0 18.8 + 0.88b 72.5 + 3.4b

rweight dleterminecl on day of terrôination.
2411 values shonn are the nean i sEM.
3Food consumption measured for lreek #4 of study.
Means in the sane colunn with different Letter are

sÍgnificantl.y dlífferent (p < 0.05).



FIGURE IJEGEND

FTGURE 4'o 
iäi"iåT,'Ji::i=:',tlul",iæ "=.7



350

325

300

275
E
F 250

t4 225

f; zoo
IJ
e

175

150

t25

100

I
NUMBBR OF 'II'EBIß 

ON DIETARY TREATMBNTS



TABI,E 4.2 : EFFECTS OF SIT'ÍPI.,E CARBO}IYDRATES ON THE NUMBER,
CRYPT UUI,TIPI,ICITY, AND SIZE OF AO¡Í-INDUCED ACF IN

8PRÀGUE.DAI{I,EY RATS

TREATMENT
GROUPS

}ÍEAN ACF }IEAN AC/FOCUS MEAN EIZE OF
FOCUS

x1o-l!n:
NUMBER OF ÀCF CRYPT STZE OF ÀCF

DEXTROSE

SUCROSE

197.5 t 18.1 2.2 È 0.05"

La7 .3 ! 24.L 1.8 t O. 14b

3.0 t 0.2

2.6 ! 0.2

Al1 values shoern are the mean t sEM. Means in the same
colr¡tnn with alifferent Letter are significantfy different (p <
0.05). DextroEe, n=4; gucrose, n=4.
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fed sucrose diet compared to the group fed dextrose (p<0,05).

The number and size of ACF were not significantly affected by

sucrose or dextrose feeding. Despite these findings, trends

indicated that a dextrose diet appeared to increase total

number and size of ACF compared to the sucrose diet.

There r^rere no significant differences on the distribution
of AcF with different crypt multiplicity but generally, it wae

noted that a greater number of ACF consisted of l or 2

crypt/focus for both dj-etary groups (Tabl-e 4.3). Further

trends indicated that rats fed dextrose diet had higher

numbers of ACF consisting of 4 or more AC/focus compared to

the group fed sucrose diet (21.0 versus 13.0).

Colonic cell proliferations were unaffected by dietary

treatment (Table 4.4).

4,4 prscussro!¡

The present study v/as conducted to ans$ter the key

question: "Are there differences in diets containing dextrose

or sucrose with respect to the development and growth of ACF? "

Findings indicated that dextrose appeared to favour the grovtth

of ACF more than sucrose, especially vrith respect to crypt

multiplicity, ie, number of AC/focus, In addition, it was

demonstrated that diet had no significant effect on cell
proliferation expressed as nitotic activity in the colonic

crypt.

It v,ras reasoned that if dextrose \¡rere ¡nore conducive to

ACF growth than sucrose, then the inhibitory effect of starch



TABT.E 4.3! NUMBER ÀND CRYPT MUIJTIPIJICITY OF ACF TN THE
COI,ONIC }TUCOSA OT SPRAGUE-DAWLEY MÀI,E RATS

NU}IBER OF AC|ACF
CRYPT MUIJTIPÍJICIEY

TREATMENT L
GROUPS

DEXTROSE 58.0 t 5.0 84.0 t 12.0 34.0 i 4.1 21.0 t 2.0

sucRosE 81.0 t 11.0 71.0 t 16.0 23.0 È 6.4 13.0 t 6.0

AIl values shown are the mean t sEM.
None of the values for each level of crypt multiplicity
lrere found to be significantly different from each other (p<0.05).
Dextrose, n=4 r' sucrose, n=4.

>4
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TABI,E 4 . 4 : EFFECTS OF SIMPLE CÀRBOHYDRÀIIIES ON CELIJ
PROIJIFERATION IN TIIE COLONIC MUCOSÀ OF
SPRAGUE-DAWI,EY ¡'IAI.,E RATS

COLON SECTIONS

TREAT¡{ENT RECTAI, MID
GROUPA

DEXTROSE

SUCROSE

DEXTROSE

SUCROSE

CRYPT HETGHT/CRYPT SECTIONI

29.7 ! 2,6 33.8 t ¡..0

34.6 ! r.4 31.0 ! 2.1

MITOTIC FIGURE/CRYPT SECTION2

1.9 t 0.7 2.3 t 0.5

2.4 ! 0.A 2.7 ! 0.6

AII values shown ¡nean t sEM. Dextrose, n=4r. sucrose, n=4.
None of the valueE within colunn for each paraneter rrere
founal to be signifícantly dlífferent (p<0.05).
lNumber of êelIs per nid-axial erypt.
2Nunber of ¡ritotic f,igures per crypt section.



on ACF would be much more evident

a diet conta-ining dextrose as a

Therefore, dextrose served as the

alÌ experinental diets in SÈudy II
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by comparing the effect of

source of simple sugar,

source of simpl-e sugar in
and 111 .



CHAPTER. V

STUDY II

5.1 INTRODUCTION

The purpose of this study was to determine the effect of

graded doses of dietary starch on the induction and growth of

ACF. Study II was designed to query, "vrhat are the effects of

feeding rats high amounts of dietary starch on the induction

and growth patterns of ACF? " The main hypothesis was that
higher levels of raw cornstarch in a semí-synthetic diet woufd

help reduce the development and gro\^¡th of ACF r^rith concomitant

decrease in col-onic cell proJ.iferation.

This hypothesis was based on a handful of studies which

have examined the effect of dietary starch on co.Lon

carcinogenesis (Bartram et aJ-, l-991; Scheppach et aL, l-988;

Caderni et aI, 1991a). Increased starch consumption has been

reported to be associated with decreased risk of colon cancer

development based on quantisation of biochernical risk markers,

such as bile acids, SCFA and pH (Bartran et ê1, 1991,;

Scheppach et a1, 1988; Kashtan et al, 7992).
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5,2,L Diets

Experimental diets consisted of three levels of

cornstarch (CS): 158 (w/w), 308 (w/w), and 458 (w/w) (TabIe

5.0). Starch rn¡as added in place of dextrose. Dextrose served

as the source of simple carbohydrate.

5.2.2 Study Designs

A total- of 24 Sprague-Dar^rley rats v/ere pJ.aced on

Iêboratory cho\^r. ALLer 2-4 days of accf imatization, each rat

received a single s.c, injection of 20 ng/kg of AOM. Then one

week after AoM treatment, rats were randomized into dietary
groups: 158 CS n=5; 30t CS n=9; and 458 CS n=9. These rats

vrere fed the experimentaL diets for 60 days, Their col-ons

were evaJ-uated for ACF and proliferative indices.

5.3 RESULTS

In general, body weights \^/ere not significantly affected

by diet (Figure 5.0 and Appendix B). Different level-s of CS

had no significant effect on food and energy intakes (Table

s.1).
The effect of CS on growth parameters of ACF are

summarized in Tabl-e 5.2; Appendix C). Rats fed 458 CS diet

had significantly higher numbers of ACF in their co.Lons than

the 30E CS group (369.8 versus 241.5 respectively) (p=0.007).

This same group (458 CS) exhibited smal.Ler ACF compared with

rats f ed the 308 CS diet (2,I x 10-2mm2 versus 2.7 x 10-2 mrn2
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TABIJE s.0: PERCENT WEIGHT coMPosITrON (g/1.009) oF THE
EXPERII'ÍENTAE DIETS

TNGREDI ENT 1s? cs 30% csr 45å CSI

CAS EIN

DI,-METHIONINE

DEXTROSE

CORNSTÀRCII

CEI,I.,UFIL
AIN-? 6 MINERÀIJ
MIX
ÃIN-76 VTTA¡,TN
¡{rx
CHOI.,INE BITARTRATE
CORN OII,

20.o

0.3

50.0

15.0

5.0
3.5

1.0

0.2
5.0

20.0

0.3

35.0

30.0

5.0
3.5

1.0

o.2
5.0

20.0

0.3

20 .0

45.0

5.0
3.5

1.0

o.2
5.0

r¡'lodified ArN-76 semísynthetic dlíet, cs=cornstarch.



FIGURE I.,EGEND

FIGURE 5.0 The effect of varying Levels of
cornEtarch on boaly ¡,reightE of
gprague-Dalfley ratg. 15t C8,
n=5,' 30? Cg, n=8,' {5% Cg, n=9.
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TÀBI,E 5. 1: }TEAN BODY WEIGHTS (BW) AND ENERGY
INTAKES

TREÀTMENT N BWI MEAN DAIIJY ENERGY GROUP
FOOD INTAKE (Kcal. )

15t CS 5 451.0 ! 24"O 26.4 ! L.9 101.9 É 7.2

30% cs a 446.6 ! 18.O 32.5 t 4.5 L25.5 t 17.3

45% CS 9 446.6 t 13.O 24.6 i 1.5 94.8 t 5.8
IThe nean bo¿ly vreights dleterminedl on day of termination (neek
8). AII values shown are the mean t SEM.
None of the values within each coLu¡nn for indlívidlual
paraneters were found to be significantly different
(p<0. os ) .
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trABLE 5.2: EFFECT OB VÀRYING LEVELS oF coRNsTÀRcH (cs) oÀ¡ THE
NUI'ÍBER, CRYPT MUIJTIPDICIfIY ÀND SIZE OF ACF IN THE
COLOI¡S OF RÀTS IIIiTECTED VIITH AZOXYMETHÀ¡¡E

TREATMENT
GROUPS

}íEAN ACF MEAN AC/FOCUS uEAtit SrZE qF
FOCI
x1o-hm2

NUMEER O¡' ÀCF CRYPT MULÎIPTTCITV SIZE OF' ACF'

15% CS

30? cs

r¡5% CS

313.8 i 28.0',b 1.9 t 0.1

241.5 ! 36.0b 1.9 t 0.1

369.8 t 14.0" 1.9 t 0.1

2.6 ! 0.2^,b

2.7 ! O.2^

2.1 t O.1b

All values shown are the ¡nean t SEM. Means in the sane column
lrith sarne letter are not significantly different (p < 0.05).
15å CS, n=5; 30% CS, n=8i 45? CS, n=9.
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respectivel-y) (p=0.05). There \4¡ere no significant differences

in the mean number of AC/focus for all the treatment groups.

The effects of varyíng l-evef s of CS on colonic ceII
proJ.iferative indices were inconsistent. In the rectal
region, CH \^ras not affected by dietary treatnents (Appendix

D). Significant changes were observed in the mid-region, CH

was found to be the highest in the colons of rats fed 308 CS

diet cornpared to other dietary groups (p=0,009) (Figure 5.1

and Appendix D). Mitotic figures and LI \^rere not

significantly affected by dietary treatments (Appendix D and

E), Nevertheless, some interesting trends were observed, the

308 CS group \^ra s associated with el-evated mitotic activity and

L,I in the recta.l- region (2.7 and 11.3 respectively), the 45t

cS group exhibited el-evated mitotic and l-abelIing index in the

nid-region compared to the 15t or 30? CS groups (Figure 5.2

and 5.3 ) .

5,4 prscussroN

The objective of Study Il was to determine the effect of

graded doses of rar¡/ cornstarch on the early stages of colon

carcinogenesis, This study did not support the hypothesis

that increasing 1evels of starch in the diet woul-d reduce the

risk of colon cancer by employing ACF as biological endpoints.

Eight weeks of dietary treatments, empJ,oying higher Ievels of

CS did not impart a distinct growth modulating effect on ACF

in a dose-related manner .



FIGURE 5.1

FTGURE fJEGEND

The effect of varying leveLg of
cornstarch on crypt height (Cfi) ín
the colons of sprague-Dan1ey rats.
Bars lrith alifferent
superscript are signifícantly
different (p<0. 05 ) . BarE represent
mean nunber of ceIl.s per níd-axial
crypt/crypt section/group. 15t CS,
n=3, 30% CS, n=5; 45% CS, n=4¡.
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FIGURE 5.2

T.IGURE LEGEND

¡ititotiõ activity in 2 regions of the
colons in rats fed varying levelE of
cornstarch. 15% cs, n=3; 303 cS,
n=si 45% cg, n=4. Bars represent
nitotic figures/crypt section/group.
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T.IGURE 5.3

FIGURE IJEGEND

rJabelling indlex Ín 2 regions of the
col.ons in rats fecl varying levels of
cornstarch. 15? cs, n=2; 30* Cg,
n=3,' 45% cg, n=5. Bars repreEent nean
Iabe11 ing indlex/ crypt section/ group.
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The risk of co.Lon cancer developnent was assessed by

using nu¡nber and growth characteristics of AcF as the

biological endpoínts. Based on these criteria , it would

appear that 308 CS diet was associated with suppressing the

for¡nation of new AcF as ref l-ected by a decrease in the totaf

number of ACF in the colons. To ascertain the val-idity of

this finding another study was conducted for 4 weeks in which

rats were fed 158 or 308 CS diets, In this study, the trend

suggested that the 158 CS group possessed higher number of ACF

with increased crypt multiplicity, especially of those ACF

consisting of 4 or more crypts/tocus than the 30t cS group

(Appendix F). These findings suggest and strengthens the

contention that there cou.Ld exj-st a threshol-d leveI, in this

case 308 cS (w/vü) at which starch may exert a protective role

in col-on carcinogenesis.

It was apparent that j-n the 45E cS group an increase in

the totaÌ number of ACF was accompanied by reduced mean size

of ACF compared to the 308 CS groups. Whether farger aberrant

crypts are biologically different than smaller aberrant crypts

with respect to carcinogenic potential remains to be

est,ablished. A preliminary study in our laboratory suggest

that the larger dilated aberrant crypts consist of J-arger

number of goblet cells (Bird, personal conmunication, i-993).

Thereforef larger ACF Inay indicate their state of

cìifferentiation . Further studies are in progress to eva.Luate

this proposal .
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Proliferative indices of the cofonic epithelium beJ-onging

to various diet groups were unable to predict the risk as

shown by employing AcF as the biological endpoints ' Bird

(personaf communication, 1993) reported that the colons of

rats fed high fat, fow fibre diets contained J-arger number of

lesions but were accompanied by decreased mitotic activity.

GaÌloway and co-workers (1987) rêported that a low risk diet,

.Iow fat, high fibre induced l-ower numbers of cofonic tumours.

However, this diet was associated with increased colonic cel-L

proliferation as measured by mitotic activity. In Study II,

this parameter \n/a s not significantly affected by dietary

interventions but trends indicated that mitotic activity was

highest in the reclaÌ regions of the 308 cS group compared to

158 or 45ts cS groups (Figure 5.2; Appendix D).

Caderni and co-workers (1991a) investigated the effect of

a lov/ starch diet (0S w/w; 46st w/w sucrose) versus a high

starch diet (468 w/w; 04 w/w sucrose) on the induction and

gro\^/th of ACF (which was referred to as foci of dysplastic

crypts). These investigators denonstrated (after 12 weeks of

feeding) that ACF with higher crypt multiplicity were less

frequently observed in the high starch group. In spite of a

marked difference in the starch content of the diets, (hiqh

starch, 464 w/w¡ 0t w/w sucrose versus low starch, 0* w/w; 464

w/w sucrose) the dífferences reported in the number of ACF

among the two groups were minor and not statistical-l-y

significant. Furthermore, the experimental- diets used by the
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investigators hrere formulated to reflect the so-ca1.Led

"\,üestern-stress " diet, of high fat (238 corn oil, w/w) /Iow
calcium (0.1-å, w/w)/Iow cel-l-ulose (2,02, \r¡/w), This diet

incl-uded many variables and did not as6ess the effect of

starch per se, Therefore, it is possible that effects of diet

reported by Caderni and co-rn¡orkers (19914) maybe due to an

interaction betrnteen starch and fat.

rn sumnary, this study has demonstraÈed that the 30t cs

diet had an inhibitory effect on the development and growth of

ACF compared to the 45t CS diet, A.Iso, it wouJ-d appear that

the starch content of the diet may influence colonic celÌ

proliferation but a distinct association bet\^teen proliferative

indices and disease deveÌopment \,ta s not estabfished.
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CHAPTER. VI

STUDY III

THE EFFECTS OF RAW AND THERMALLY-TREATED COR¡TSTARCH O!¡

6,7 INTRODUCTION

The main objective of this study was to determine the

effects of tv/o different starch forms, raw (RCS ) and

therna I ly-treated cornstarch (TCS) at two different dose

Ievel-s 15t and 458 (w/w), on the carcinogenic process and

cytokinetic events in the co.Lons of Sprague-Dawley mal-e rats.
The thernal processing of starch via extreme cooking

conditions, ie autoclavíng, is known to generate modified

starches referred to as resjs¿ant starch (RS) (Englyst and

Cummings, 1987; Sievert and Pomeranz, 1989). It is believed

that RS may be a useful substrate for bacteriaL fer¡nentation

in the J-arge bowe.I , and this has potential impJ-ications in the

prevention and treatment of colon cancer (Eng]yst and

Cuinmings, 1987; Ranhotra et al-, 1991). It is also bel-ieved

that TCS whj-ch contains RS may impart protection in the colon

against the development and growth of ACF compared to ra\",t

starch which conlains low amounts of RS (Englyst and Cummings,

1987). The hypothesis for this study vras thermal- ly-treated
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cornstarch which contaj-ns RS when incorporated into a

semisynthetic diet would ¡noduf ate the ear.Iy stages of coLon

cancer by reducing the appearance and growth of ACF ín the

col-ons of Sprague-Dawley rats.
In the present studyr a lactulose group was incl-uded as

a positive control in order to conpare diets containing raw or

thermal ly-treated cornstarch with respect to fermentation in
the co.Ion. Lactulose is a non-digestible carbohydrate, which

has been demonstrated to act as a fermentable substrate in the

colon (Jenkins, 1991; Fl-orent et aJ., 1985). In additíon to

measuring ACF, colonic ce11 proliferation, faeca.L output,

water and pH r,üere af so determined,

6,2 SPECIFIC MATERIALS AND METHODS

6,2,I Chemicals

4 -O-ß-D-ga I actopyrano sy 1-D-f ru cto f u rano s e

purchased from Sigma Chemical- Co. (St, Louis,

( LactuJ-ose ) vùas

Mo. )

6.2.2

The methodology used for producing RS \^ras adapted from

Sievert and Pomeranz (1989 ). One kiJ-ogram of cornstarch (CS)

was mixed with deionized water. The starch to water ratio

used r^ta s 1:2, Starch and water r^rere nixed for 5 ninutes to

ensure adequate suspension. The mixture r^ras then autoclaved

for t hour at 12LoC (using a thermostati cal ly-control led

autoc.Lave AMSCO¡ USA). After a single autoclave stepf sanpl-es

were aLLowed to cool, for 30 rninutes, and then chilled in a
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refrigerator at 4oC for 24 hours. Aftenrards, chilled starch

sampl-es were dehydrated using a fan oven at 80oC for 24 hours,

Dried starch samples were ground on a mill-. Further re-
grinding into powder \das done using a Magic Mill III (MílLtown

International, Wpg., MB.), Thermal ly-treated cornstarch (TCS)

vrere stored in the refrigerator prior to use in the study.

6.2.3 Detection and Ouantisation of Resistant Starch with

Differential Scanninq Calorimetry and Enzymatic

Gravimetríc Assay

RS \^/a E qual-itatively and quantitatively estimated by

Differential Scanning Calorirnetry (DSC) and Enzymatic-

Gravimetric assay respectively.

6.2.3.1 Differentiel Scanning Caforimetry (DSC)

The purpose of the DSC v/as to qualitatively deternine the

presence of retrograded amylose crystal.lites. Dj-fferential
Scanning CaJ-oriinetry al-Iows the identification of a specific
endothermic peak that distinctively corresponds to the

dísassociation of amylose crystalì.ites. DSC measurements were

performed with a DuPont 9900 thermal anal"yzer, which is
equipped with a 910 DSC ce.Lf base and a high pressure ceIl.
An indium standard vras used for temperature and energy

cal-ibration. A pressure of 1400 kPa (200 psi) v¡as maintained

with nitrogen gas. This helps to elininate pan failure
because of moisture loss at temperatures above 120oC. Samples

of 3.0-3,3 mg \n¿ere weighed into DuPont coated aluminum pans,

Water was added making a final 30È w/w sol-id in the pans.



The pans were hermetically seaLed. An empty pan was used

a reference. Al-l samples r^rere heated fron 20-180oC with

J-0oC/minute increase in heating rate.

6,2.3.2 Enzymatic-Gravimetric Assay

Analysis for RS was carried out according to the Official
Method of Analysis of the Association of Official Analytj-cal

Chemists (AOAC) nethod 991.43 (Lee et al-, 1992) (National

Agri-Food TechnoJ-ogy Centre, Portage la Prairie, MB). The

AoAc method is an enzymatic-gravimetric assay \^rhich is

applicable to proceSsed foods, cereal, fruit, and vegetabJ-e

products (Lee et alf 1,992). BriefIy, starch sarnples had

undergone sequential enzymatic digestion by heat stabLe a-

amy.Lase, protease, and amyloglucos idas e . The residue was

then treated with various washing of alcohol and acetone,

dried and weíghed. Residue val-ues were adjusted for protein

and ash content. Resistant Starch was considered as the

residue remaining after these steps.

6 .2,4 Díets

Five different diets rtrere prepared based on AIN-76 diet

(rable 6.0):

a) Diet #1: This diet contained 158 RCS + 18 lactulose

(l) by weight.

b) Diet #2 and #3: Modified AIN-76 diets containing 158

and 458 by weight ra$, corn starch (RCS).
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TABLE 6.0: PERCENT WE]GHT COMPoSITION (9/1009) oF TI{E
EXPERIMENTÀL DIETS

INGREDIENTS 15? RCSI
+lt1

15å
RCS

{st
RCS

r5z
TCS

{s%
TCS

CAS EIN

DIJ -
METHIONINE

DEXTROSE

CORNSTARCH

CEIJLUFIL

AIN-7 6
MINERÀL MIX

AIN.7 6
VITAMIN }IIX

CÏOI,TNE
BITARTRATE

CORN OII,

I,ACTUI,OSE

RS2

10TAf, %

INDIGESTIBIJE
cH03

o.2 0.2

5.0 5.0

20.0

0.3

49. 0

15.0

5.0

3.5

1.0

o.2

5.0

1.0

o "2

6.03

20.0

0.3

50.0

15.0

5.0

3.5

1.0

0.2

5.0

o.2

5. 03

20.o

0.3

20.o

45.0

5.0

3.5

1.0

o.2

5.0

0.2

5.09

20.o

0"3

50. 0

15.0

5.0

3.5

1.0

20.0

0.3

20.0

,15.0

5.0

3.5

1.0

4.2 4.2

5. 63 6.89

rL, L=Iactulose; RCS=raw cornstarch,. TCS= thernalty-treateal
cornstarch.
2RS expressedl as % total clietary fÍbre (TDF) (g/1oOg) (ÀOAC
!'ÍET¡IOD, 991.43) (IJee et aL, L992.3Exanple in 15% RCS diet: anount of RS as % TDF = 0.2?.
therefore, 0.2% in 15? RCS = 0.0002 x 0.15 = 0.003 (x100)=
0.03. Therefore, total ? inaligestibLe CHO ín 15% RCS dliet =
CELLUFIL + RS = 5,00 + 0.03 = 5.03?.
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c) Diet #4 and #5: Modified AIN-76 diets containing

15t and 458 by v/eight thermaJ- ly-treated cornstarch

(TCS). In al-l- diets dextrose served as the source of

simple carbohydrate.

6.2.5 Study Designs

Fífty male Sprague-Dar^rley rats were used in this study.

During the period of acc I imatization, rats were fed laboratory

chow (Chapter III). lmmediately after acc limatization,
indivídual rats \^rere given a singJ-e injection of AoM (20

mg/kg, sc). one week after carcinogen treatment, rats vrere

randomly a1l-ocated to 5 treatment of 10 rats/group. The

l-ength of treatment was I weeks. Prior to termination, rats

were injected with both colchicine (1.0 mq/kg) and BrdU (30

nS/kS). The entire length of the colon was examined for ACF

and ceLl- proliferative paraneters as described previousJ.y

(Chapter III).

6.2,6 Body Weiqht, Food Consumption, And Orqan Weiqht

Body t^¡eights and 24-hour food consumption were rnonitored.

Irunediately after termination, Iiver, kidney, and heart \^rere

excised, weighed, and examined for the presence of any

macroscopic abnormalities. After removal- of faecal- material,

individual colons v/ere measured for colonic weight and lengths

prior to sectioning into caecal, nid, and rectal regions,

6,2,7 Deter¡nination of Faecal pH

Faecal- pellets were collected from individual- cages.
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Each cage housed 2-3 rats. Paper towel-s were placed

underneath the cages to help collect the faeces. Immediately

after col-1ection, 3-5 faecal pellets were ground, mixed with
deionized h¡ater, and poured into a 20 ml beaker. The aqueous

phase vras used to determine pH using a Fisher Accumet pH

neter, model 810 ,

6.2.8

A 24-hour faecal collection was conducted using metabol-ic

câges. Each metabolic cage vras equipped v¡ith a hrater and food

dispenser. Individual rats r^¡ere housed in the metabol-ic cage6

until the 24-hour co.l-lection period expired. The vret weight

of the f aecal samp.les \.{a s recorded (Mettler AE-200 ) . Faeces

v/ere stored at -80oC prior to analysis.

6.2,9 Faecal Water

Faecal- samples were analyzed for faecal- hrater. Five

faecal pellets were removed frorn the freezer, weighed then

heated in a Fisher IsoTemp Oven at 60oC for 24 hours. The

dehydrated sampl-es were re-weighed and the dry/wet ratio was

determined. This ratios represents dry mass remaining per

gran of wet weight of faeces.

6.3 Statistical Analysis

StatisticaL eval-uation vras carríed out using the

Statistical Analysis Software (SAS, 1988) package. SAS

orthogonal contrast statements were used to examine main
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effects and interactions. Comparíson using paired t-tests on

feast square neans was utilized to assess differences bet\,,reen

the rectaL and nid-end of the colon with respect to
proliferative activity. The Pearson Product Moment was used

to investigate the rel-ationship between Ll and MF.

RESUTJTS

Resistant starch in the TCS samples r,rere anaÌyzed using

the DifferentiaL Scanning Calorimetry and the enz]¡matic assay.

Four endothermic transition peaks were observed (Figure 6.0).
The peak aL 47,l-3oC was attributed to retrograded amylopectin

while those at 90.14 and 119.05oC \4'ere due to amylose-lipid

interactions (Sievert and Pomeranz, 1990). The endothermic

transition peak at I44,93oC in the TCS sampfe v¡as indicative
of the presence of resistant starch.

A greater amount of RS expressed as percent total dietary
fibre residue was noted in TCS than in RCS samples. Raw

starch samp.Les containing 7% w/w cellufil also denonstrated

the presence of dietary fibre residue (Table 6.1).

6,4.1, Bodv Weight, Food And Energv Intakes

In Figure 6,1, significant differences in body weights at

Week I were apparent bet\^reen the 158 and 458 RCS groups

(395.69 versus 452,99) (p=0.03) (Figure 6.1; appendix G).

Further analysis revealed that a nain effect of dose and

interaction (dose leve1s and starch forms: RCS versus TCS) on



!.IGURE TJEGEND

FIGURE 6.0 Differential Scanníng
Calorinetry (DSC) profile for
bherrna 1ly-treateal starch (Tcs),
autocLaved fox t hour at 121oC.
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TABT,E 6. 1: ENZY¡.IãTIC-GRAVIMETRTC ÃNAI,YSIS FOR TOTÀIJ DIETÀRY
FI BRE

STARCH SÀI'IPIES ? TOTAIJ DIETÀRY FIBREI

RAW CORNSTARCTT (RCS) (A) o.2

THERM.AI,I,Y-TREATED CORNSTARCH (TCS) (B} 4.2

r% ßlwl CELLUFIL
+ RÀW CORNSTARCH (C) 1.6

rDeternination of total dietary fibre (g/10og) (AoAc l,fETHoD,
991.43) (Lee et aI, L992,
À + c were includedl in the analysis to establish the validity
andl senstivity of the procedlure. ALl. sa¡nples lrere coc¡eal anil
analysizecl blindlty.



Figure 6.1

FTGURE LEGEND

The effect of dlietaf,y treatnent on
bodly weight. L.,ine graph nith the
same lettêre are not significantly
dliffêrent (p<0.05). L=lactuloEei
Rcs=ralr cornEtarchi Tc8=thernally-
treatedl cornstarch. 1% L=15t Rcs +
1%L, n=9,. 15? RC8, n=9; {5% RC8, n=9,..
!5% TCg, n=10,' 45% TCS, n=10.
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body weights were shown

demonstrated higher food

dietary groups (p=0.0001)
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(Appendix H). Rats fed 158 RCS

and energy intakes than alf other

(Table 6,2 ) .

6 ,4 .2 Organ l{eights

GeneralÌy, the 1iver, kidney, and heart \^/ere not

significantly affected by diet (Table 6.3). Despite these

findíngs, differences between dietary groups were evident by

empJ-oying SAS orthogonal statements (Appendíx I). It was

revea.Ied that the Iiver, kidney, and heart were significantly
affected by interactions between dose Ieve.ls and cooking (RCS

versus TCS) (p=0,05; 0.04; 0.02 respectively) (Appendix I),
Rats fed 459 TcS diet had significantJ-y longer colons than

those which were fed 15t RCS + 1t l or 158 RCS (23.4cn versus

2l.5cm and 21 ,zcm respectively) (p=0.02) (Tabl-e 6,4).

Concomitantly, colonic weight v/as unaffected by dietary
treatments. Further investigations using SAS orthogonal

statements indicated effects of starch forms (RCS, TCS) on

coJ-onic l-ength (p=0,004) and weight (p=O.O+) (Appendix J).

6,4.3 The Effects Of Diet On The Induction And cro!,¡th Of

Despite no apparent significant differences between

dietary groups with respect to ACF, trends indicated that rats
fed L5g RCS + 18 l, 15t or 458 TCS diets had larger ACF and a

higher number of Ac/focus in their col-ons compared to rats on
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TÀBI,E 6.2! FOOD AND ENERGY INTAKES IN SPRAGUE.DÀI{LEY
MALE R.ATS

TREATMENT
GROUP

N DÀII,Y FOOD
INTAKE (g)

ENERGY
Kca 1/ day

15% RCS
+lt1

15% RCS

458 RCS

153 TCS

4s* TCS 10

10

32 .5
! l.Ob

36.1
t 1.5"

2A .2
t o.sd

31.3
t 1.1b'"

2A .9
t o. 5",d

125.3
t {.ob

139.3
t s.7"

108 . a
t 1.9d

L20.9
É 4.1b,"

111. {
t 1.8"'d

A]I values shown are mean t SEM. Means in the sane colr¡mn
ltith the sarde Letter are not signifcantly alifferent (p <
0. 05 ) .
Irength of treatments !¡as for I r,¡eeks. Food co;sumption
obtained on rreek I of studly.
1=lactulo s e
RCS=ra!, cornstarch
Tcs=thernal Iy-treatedl cornstarch



TABÎ.,E 6.3: ORGÀN TgEIGHTS IN SPRAGUE-DAWLEY RATS

TREAT!,1ENT

15* RCS
+1%1
15% RCS
45% RCS
15% TCS
458 TCS

r'wER (g)

14.1 È 0.8

13.8 É 0.8
16.9 ! 0.9
1s.8 t 1.2
15.1 t 1.0

KTDNEY (q)

1.5 1 0.05

1.4 t 0.04
1.6 t 0.08
1.6 È 0.08
1.5 t 0.05

HEART (g)

1.3 É 0.02

1.3 ! 0.04
1.4 t 0.06
1.5 È 0.07
1.3 + 0.05

15% RCS
+1%1.
15t RCS
45% RCS
15% TCS
4s? TCS

1s? Rcs
+1tl
15t RCS
{5% RCS
15% TCS
45* TCS

9

9
9

10
10

9

9
9

10
10

9

9
9

10
10

ALL vaLues shown are the mean t SEM.
Organ weights obtainedl on lreek 8.
I=1åctulo se
Rc8=raw cornstarch
Tcs=ther¡naIIy-treated cornstarch
None of the values withín each row for each paraneter lrere
foundl to be signifícantly Cifferent (p<0.05).
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TÀBI,E 6.4: LENGTH ÀND WEIGHT OF COIJONS TN SPRAGUE-DAWI,EY RATS

IIREATMENT N co¡olv LENGTH (cn) coIþN wEIcHT (g)
GROUPS

3.5t RCg g 21.5 t O.7b
+1%l
15? RCS s 21.2 ! O.sb
45? RCS g 21. 9 t O. 5",b
15å TC6 10 23. O i 0.6",b
45? TCS 10 23.4 ! 0.3'

1.8 t 0.08

1.8 t 0.05
1.6 t 0.09
1.8 t 0. 09
r..9 f 0.06

All valuea shor¡n aÌe mean t SEM. Means in the same column
!¡ith the aane letter are not significantly different (p <
0. 05 ) .
organ weights obtained on $reek 8.
l=lactu los e
Rcs=ra!r cornstarch
Tcs=thermal Iy-treatedl cornstarch
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TABI,E 6.5 3 THE EFT'ECT OF LACTUIJOSE, RAW, AND TIIERMAIJIJY-
TREATED STARCH ON THE NUMBER, CRYPT MULTXPI,TCITY,
ÀìTD SIZE OF ÃCF IN THE COLOÀI Of' SPRÀGUE-DÀI{I,EY RÀTS

TREÀTMENT MEAN ÀCF
GROUP

MEÀN AC/FOCU6 MEAN SIU E OF
FOCUS
x1o-hrn2

CRYPT ¡'IUIJTTPI.JICITY SIZE OF ACFNU¡'IBER OF ÀCF

15% RCS
+1?r
159 RCS

45% RCS

15% TCS

45t TC6

311.3 È 23.0

333.4 t 34.0

313.8 ! 40.0

316.3 ! 31.0

2A1.O ! 2?.O

2.5 t 0.1

2.3 i 0.1

2.3 t 0.1

2.4 ! O.L

2.6 È 0.1

2"9 ! O.2

2.7 ! O.L

2.5 ! 0.2

2.9 t 0.1

3.0 t 0.1

All values shown are rnean i sEM.
l=lactulos e
Rcs=ralr cornstarch
TCS=thermal Iy-treatecl cornstarch
15% RCS + 1% 1, n=9
15* Rcs, n=9
45t RCS, n=9
158 Tcg, n=10
458 Tcs, n=10
None of the values for within each colunn for
paraneter lrere found to be significantly different

each ACF
(p<0. 0s ) .
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159 or 45t RCS diets (Table 6.5). Atternatively, according to
the output from the orthogonal statements cookíng had a

signi-ficant impact on the number of AC per focus (p=0.04) and

size 1p=6.02 ) (Appendix K) .

In aII the dietary groups, trends for the distribution
pattern of ACF with different crypt multiplicity revealed that
a greater proportion of ACF consisted of L-2 AC/focus

(Appendix L). It hras also evident that in the 458 TCS group,

higher nurnbers of ACF wit.h 3 or more AC/focus [rere present,

than the 458 RCS diet group (39.88 versus 31.18) (p=0,03)

(Figure 6.2 i Appendix M).

6.4.4

FaecaL pH for the l-58 RCS group was significantly higher

than for the 158 or 458 TCS groups (p=0.04) (Table 6.6).

FaecaI weight was not significantly affected by dì-et, but

trends indicated that faecal output were higher in rats fed

45t RCS or 45z^ TCS diets (Table 6.7). The amount of faecal

water \4¡a s unaffected by dietary treaLment (Table 6.7),
6.4,5 The Effects Of Dietarv Treatment On CrvDt Heioht

Mítotic Activity, And DNA-synthetic

6,4,5.1 Crypt Height (CH)

In general, there was no significant effect of dietary
treatment on CH measurements. Trends were observed in which

rats fed 458 TCS had eÌevated CH in the rectal- and nid-region
of their co.Lons compared to other dietary groups (Table 6.8).



FIGURE 6.2

FIGURE LEGEND

Percentage of ACF accoraling to varying
crypt nuJ.típlicíty in the eolons of ratE
feal 45% RCg (w/w) or 45t TCg (trlw). EarE
ltith different superscript are
Eignífícantly different (p<0.05). Bars
represent % nean AcF in the colonE of
sprague-Davrley rats. RCS=ra!¡ cornstarchi
Tcs=thernally-treateal cornstarch. 45t
RCS, n=9i 45% TCS, n=10.
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TÀBT,E 6 . 6 : TI{E EFFECT OF DIETARY TREATMENT ON FAECÀI., pH

TREATMENT
GROUPS

FAECAL ptÍ

lst RCS
+18r
Í.5t RCS

45% RCS

15% TCS

4s? TCS

6

9

9

10

10

7.L ! 0.2u,b,"

7.5 Ê 0.1"

7.4 g 0.1',b

6.9 Ë 0.1b,"

6.8 ! 0.1"

ALl values shoern are nean i SEl.f . Means in the colunn lrith the
same letter are not sígnificantly dlífferent (p < 0.05).
Faecal pH taken at nreek 8.
I=lactulo se
RCS= ralt corngtarch
Tcs=ther¡naLIy-treatedl cornstarch
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fTABI,E 6 . 7 : TTIE EFFECT OF DIETARY TREATMENT ON FAECÀTJ ¡{ETGHT

TREATI'ÍENT AAECAI, WET I{EIGHT (g) FAECAI, DRY WEIGIIT/WET WE]GHT
GROUP

15% RCS l..s I 0.6
+18I
1s? RCS 1.4 t 0.3

45% RCS r..8 t 0.3

15% TCS 1.2 ! 0.3

4s% TC6 2.s t 0.3

0.68 t 0"02

0.62 t 0.02

0.63 I 0.10

0.61 g 0.01

0.59 t 0.01

Al.1 values shosrn are nean t sElil.
2{-hour wet faecal collectíon for lreek 8.
I=lactuIos e
RCS=ratr cornstarch
Tc8=thernally-treate¿l cornst,arch
153 Rcs + 1% 1, n=8
15t RCS, n=9
45% RCs, n=8
15? TCS, n=10
45* TCs, n=10
None of the vaLues within each colutln for each parameter were
foundl to be sígnifÍcantl.y dífferent (p<0.05).
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TABI.E 6.8: EFFECT OF DTETÀRY TREATMENTS ON CRYPT
¡IEIG¡IT IN THE COIJON CRYPTS OF SPRÀGUE-DAI{I'EY RåTS

TREATMENT N MEAN CRYPT HEIGHT/CRYPÍ SECTIONI

158 RCS 9
+1%1

15t RCs 9
1t5% RC8 9
15* TCS 10
45* TCS 10

30.7 t 1.4

30.5 t 0.7
2A.7 ! L.0
30.7 t 0.9
32.7 ! L.O

MID REGION

3¡..3 t 1.6

3!.2 ! 7.2
32.4 ! 7.2
30.4 t 1.3
33.0 t 1.6

RECTÀL REGION

ÀlI våLues shown are ¡¡ean t SEM.
1=lactuLo s e
Rcs=ra!¡ cornstarch
TcS=thernal ly-treatedl cornstarch
lNum.ber of cells per niil-axiaL crypt.
None of the va1ueE withín eaêh column for inttivídlua1 colonic
sections r,rere founal to be significantly dífferent (p<0.05).
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6.4.5.2 Mitotic Activit,y (MF)

In the rectaf region, MF in the coLonic crypts were

unaffected by dietary treatments (Figure 6,3; Appendix N).

Interestingl-y, a trend \^¡a s sho\^¡n ín which increased mitotic
activity was noted in the mid-region of the colons of rats fed

458 RCS or 15t TCS diets (Figure 6,3; Appendix N).

6,4,5,3 DNA-synthetic Activity
Generally, the number of labelled cells (I-,c) in the

rectal end of the coJ-on were significantly unaffected by

dietary treatments (Figure 6.4i Appendix O). In the mid-

region, rats fed 458 RCS diet had significantly higher number

of LC in the crypts compared to the 15t RCS + 1t l- or 15t TCS

groups (p=O.OS) (Figure 6.4; Appendix O),

Trends suggested that LI was noticeably higher in the

mid-region compared to the rectaL end in the colons of rats
fed 458 RCS diet (Fígure 6.5; Appendix O).

Further analysis using the Least Squares t-test indicated that
LI v¡as higher in the mid-region of the col-onic crypts of rats
fed 45t RCS diet than in the rectal end (p=0.002) (Tab1e 6.9).

A posítive rel-ationship between MF and LI r4ra s found in

the 15t RCS + 1% 1 (r=0.59; p=9.61¡ and 45t RCS (r=0.49;

p=0.04) groups, while a negative correfation was found in the

158 RCS or 158 or 458 TcS groups (Table 6.10),
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FIGURE 6.3

FTGURE IJEGEND

Mítotlc activity in 2 rêgions of
the colona of sprague-Danley ratE.
Bara represent mean nu¡nber of
nitotic fígures/crypt sectíons/
group. L=lactulo se r. RCS=ratt
cornstarch ; TCS=thermal ly-treated
cornstarch. 1% L=15% RCg + 1t I,
n=9; 15% RCS, n=9; 45% RCs, n=9i
15% TCg, n=10 45% TCs, n=10.
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FIGURE 6.4

FIGURE IJEGEND

The effect of dlietary treatnenÈ on
the number of labelledl ceLlE pet
crypt in the colons of rats. BarE
Yrith the same Ìetter are not
signÍfícantly different (p<0.05).
BarE represent mean number of
labeLLeal cells/crypt sections/
group. L=lactulos e i Rcg=ran
cornstarch,' TCs=thernally-treatedl
cornstarch. 1% L=15% RCS + 1? 1,
n=9; 15% RCS, n=9; 45t Rcg, n=9i
15% TCS, n=10,' {5% TCg, n=10.
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FIGURE IJEGEND

FIGURE 6.5 ¡ The effecta of dliet on labelJ.ing
indlex in 2 regíon of the colons
in rats. L=lactuLosei RCg=ralt
cornstarch; Tcs=thernally-treated
cornstarch. Bars reÞlesent mean
Iabelling indlex/crypt sections/
group. 15% Rcs + % L (1% IJ), n=9,.
15% RC6, rr=9 i 452 RCS, n=9,' 15% TCS,
n=10:, 45% TCS, n=10.
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TABI,E 6 . 9 ! REGIONAIJ DTFFERENCES IN LABEI.'IJING INDEX IN TIIE
COLONS OF SPRAGUE-DÀT,¡I,EY RÀTS FED DIFFERENT DTEÎS

TREATMENT
GROUPS

I,IDIFSI p-vAI¡UE

15% RCS
+1tt

15% RCS

4s? RCS

15% TCS

45t TCS

-1.09

2"!9

6.03

-o .29

L. L2

0.54

o.22

0.002

0.86

0.50

10

TLIDIFF=[nidt region - rectal region]: regional dtífferenceE in
label1ing index.
l=lactulo Ee
RCS=raw cornstarch
Tcs=thernally-treated cornstarch
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TABT.E 6. 10: RETJATIONS¡Í IP BETWEEN !.ÍITOTIC FIGURE AND IJABELI.¡ING

TREATMENT
GROUPS

P-VAL'¡UE

15t RC6
+1*1

ls? RCS

45% RCS

1så TCS

45? TCS

0.59

-0.59

0.50

-0.06

-0.1d

0.01

0.01

0.04

0.80

o.57

10

10

*PearEon Prodluct t4oment corretation coefficient usedl to assess
relationship nritotic figure and labelling index.
L=lactulos e
Rcs=ra!r cornstarch
Tcs=thermal ly-treated cornstarêh
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6.5 prscusslot{

The focus of Study III \¡/as to determine the effect of RCS

and TCS on ACF and proliferative activity in the colons of
Sprague-Dawley rats. The main question proposed was "t^/ould a

diet containing starch r^¡hich had undergone therma.L-treatment

and contained RS inhibit the induction and growth of

preneoplastic fesions in the col-ons of rodents more than a

diet containing untreated raw starch? " In spite of the

positive conclusions obtained from the Differential Scanning

Calorimetry and Enzymatic assays on the presence of RS in the

TCS sanples, this investigation did not support the hypothesis

that a TCS diet which contained RS L¡oul-d reduce the

deveLopment and growth of ACF in the colons of Sprague-Da\^rley

rats,

Several- findings were unexpected vrith respect to ACF,

StatisticaJ- findings frorn the SAS orthogonal statement.s

supported the contentions that diets containing fermentabl-e

compounds such as RS appear to be associated with a high risk
for col-on cancer development. Employing this type of

statistical data analysis, it rlra s apparent that ACF paraneters

such as crypt nultiplicity and size were increase by feeding

rats therma I ly-treated cornstarch (Appendix K). This

observation appears to refute the proposed inhibitory roLe of

NSP or RS in the deve.Lopment of col-on cancer. It \^ra s f urther
noted that the reduction in the mean num-ber of ACF was

accompanied by an increase in crypt multiplicity in the col-ons
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of rats fed 45È TCS conpared to those fed 458 RCS diet
(Appendix M). Thís suggests that 458 TCS diet may tead to the

induction and/or sefection of Lesions with higher growth

rates.

Faecaf pH j-s commonly used to measure fermentation in the

large bowel (Kashtan et a1, 1992t, Using the statistical- data

provided, experimental diets containing 45t RCS, or 15t or 45*

TCS l-ed to a decrease in faecal pH, Some interesting trends

in the present work indicated that the higher leveLs of RS in
the 459 TCS diet resulted in a higher faecâ] output. Trends

in this study appear to support studies which have reported

that increased passage of unavailable CHO into the colon could

increase faecal \"eight (Shetty and Kurpad, 1-986; Ranhotra et

al, 1991; cee et al, 1991). In the literature, higher stool

bulk has been inplicated in reducing the risk for col-on

cancer. Therefore, as originally envisioned it is possible

that increased faecal buJ-k may help in the rapid excretion of
potential genotoxic or promotory agents frorn the colon

(McPherson-Kay, 1986; Bartram et aI, 1991). Further analysis

accompanied with statistical significance between dietary
groups would be warranted in order to confirm these proposals.

Lactul-ose feeding did not increase faecal- buJ-k, but trendwise

it did decrease the faecal pH. This observation has been

documented by others (Jenkins et al, 1986).

There were no major differences in mitotic activity,
however this proliferative index v¡as higher in the inid
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conpared to the rectal end of the colonic mucosa, It is
believed that specific regions of the col-on are sensitive to

certain dietary components in a region-specific rnanner

(Caderni et êI, 1991b) . Caderni and co-workers ( 199lb)

demonstrated that 6tarch-containing foods such as bread,

pasta, rice and CS had a marked decrease on nitotic activity
as measured by MI in the rectal rather than in the mid-region

of the colon. Based on the previous studies, this
investigation supports the contention that a seÌective effect
of starch or other dietary components on specific sites of the

coJ-on may exist and that this phenomena coufd be vitaf in
understanding the roLe of starch or other nutrients on

colonic health and diseases.

ln the present study, it hras demonstrated that
fermentation narkers, such as f aecal- weight and pH were indeed

affected by TCS diets. Therefore TCS in part served as a

possibJ.e substrate for bacterial degradation in the colon.

Hovtever, it is apparent that despite the high degree of

fermentation in the 458 TCS group, an inhibitory effect on the

gro\^rth characteristics of ACF \^ras not demonstrated, Based on

these findings, it seems appropriate to suggest thaL the

proposed ro.Ie of indigestible CHO in the prevention and

treatment of large bowel- disease must be re-eva.Luated,



CHAPTER. VII

GENERAI DISCUSSTON, COI{CLUSIONS AI{D

FUTTJR,E RECOMMENDATIONS

7.L

The main purpose of thj.s thesis r,rras to investigate the

effect of a complex carbohydrate, dietary starch on thè èarly

stages of cofon carcinogenesis. Three independent studies

were carried out sequentiatly in order to examine the

objective. Firstlyf a preliminary study \4ras conducted to

deternine which sinple sugar (dextrose or sucrose) wouLd have

a positive growth effect on ACF. Following this verification,
the sugar identified rvas chosen as the source of sírnple cHo in
al-f the experirnental- diets to test the hypothesis that the

effect observed v/ith this sugar couLd be ameLiorated by

feeding rats diets containing high 1eve1s of starch. The

information provided in Study I ted to the design of Studies

II and III but with the focus concentrated on starch. The

specific purpose of Study II was to investigate the effects of

varying levels of raw starch on the deveLopnent and growth of

ACF, FinaIly, Study III was designed to investigate and

conpare the effects of raw and therma I ly-treated starch on

ACF. In aLL of these investigations, two proliferative

indices, rnitotic figure and labelling index, which have been
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traditíonaIIy enployed as rel-iable tools to predict the risk
for col-on cancer v/ere also examined.

Firstly, it was evident in Study T, that dextrose had a

distinct growth enhancing effect on ACF compared to sucrose.

Based on this finding, it was reasoned that high leveLs of raw

or therrnal- f y-treated starch might alter this effect in diets
contaíning dextrose.

In study II, high amounts of raw cornstarch, 452 (w/wl ¡

did not have an inhibitory effect on the induction and growth

of ACF. In fact, the most noteworthy observation in study II,
was that the 30? starch diet suppressed the development and

growth of AcF. The findings indicated that a 30å CS diet
exerted an inhibitory effect on the developnent of ACF

resulting in l-o\^/er values for total number AC/focus than the

458 CS diets (Table 5.2), This observation r^/as confirned in
an additional 4 week feeding study (Appendix F). Therefore,

it can be proposed that a threshold level rnay exist at which

starch is capabJ.e of exerti-ng a protective effect against

colon cancer. This is an area that nust be pursued for future

studies.

Study III did not support the research hypothesis that
therma 1ì.y-treated starch, because it is a source of

indigestibJ.e CHO would prove rnore protective in the colon than

ra!¡ starch. This reasoning was based on the literature
pertaining to the protective roLe of ferrnentation against

farge bowel- disease. NevertheLess, no beneficial effect was



98

noted $/ith respect to the gror¡/th of AcF. Trends and

orthogonal staternents in this study indicated that diets with

potentiaLl-y ferrnentative substrates, such as Rs in the

thermaÌ Ly-treated starch sampÌes or lactulose in the 15å Rcs

+ 18 l- diet supported the gro\^/th of selected AcF. This was

demonstrated by increase in the number of AcF with higher

crypt muì-tiplicity (Table 6,5ì Appendices K and L).

Microscopical ly, the AcF in the colons of these rats were

l-arger and dilated in appearance.

In countries vrhere the population consunes high starch

diet, there is not a high incidence of colon cancer. However,

it is possibfe that in the prevention and treatnent of colon

cancer there arè rnany contributing factors that nust be taken

into account, not just a single dietary factor such as starch.

In l-ess affLuent socíetíes, Iow fat, high starch diets are

co¡nmon. However, these diets contain high arnounts NSP from

lentils and grains, in addition to starch. The low incidence

of large bor¿el disease that is observed in these populations

may be attributed to the interaction of certain dietary

components in the food, such as starch-and-NsP, to the lor,¿

amount of fat and to the many other nutrients present in high

starch and fibre containing foods. Thèrefore, qre must

question the role of starch and its influence in the colon

with respect to developnent of preneoplastic Lesions.

In addition it wouLd appear that fernentation per se ì.s

more cornplicated than originally predicted. Jenkins and
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colleagues (1-991-) proposed that the beneficial effects of

fermentation nay be dependent on the type of ferrnentable

substrates and itst end-products that are present in the

colon, Future studies ¡nust examine the effect of other

starches, such as potato or arnyJ-omaize on cofon cancer

development.

A consistent effect on DNA-synthetic activíty in the mid-

colon conpared to the rectaf end was noted in diets containing

high levels of raw starch (study III) (Table 6.9) The nid-
regíon exhibited approxirnately two-foLd higher labelling index

than the rectal- region (Table 6.9). The findings in this
thesis question the significance of proJ-iferative indices,

such as mitotic activity or LI as risk markers for colon

turnorigenesis. These indices were not rêliable in terrns of

disease development as measured by number, crypt multÍplicity
and size of ACF in the cofons of rats. These indices yielded

conflicting findings. For exarnple, the group (Study II, 3Ot

CS diet) with the least number of ACF had the highest ¡nitotic
activity (Appendix D). Furthernore in the sane study,

although the nunber of ACF in the 3OZ CS group was

significantl-y Lo\,¡er than the 45å CS group, the l-abel1ing

indices of their colon were sinil-ar. It has been proposed

that increased celÌ protiferation is correlated with increased

coLon cancer incidence (Chang, 1980; Deschnêr, 1980; Jacobs,

L987). Several investigators have pointed out that
individuals with ufcerative cofitis or crohn I s disease
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denonstrate increased LI in their coLons rrhich presunably

predisposes them to colon cancer development (Deschney, 1987 ì

Bleiberg et al-, l-970; Eastwood et aI, L973; cerdes et al,
1993). However, to the authorrs knowl-edge, there is no

docu¡nênted evidence that decreasing the colonic ce11

proliferative indices in these individuaLs, teads to reduced

risk for cancer devel-opment. The findings on the

proliferative indices of the colon lead one to suggest that
ce]l kinetic measurements must be used r^¡ith caution and can

not be used as a substitute for the disease.

Colon carcinogenesis studies have focused on both anírnal

and hu:nan model systerns. The anirnal model al1ows

ínvestigators to work on a sirnpte system coTnparêd to the nore

conpl-ex human mod.eI and to gain useful insight into the

rnultistep process of cancer developrnent. In addition, animal

systerns are useful in defining and refining the hypothesis

linking diet in the aetioLogy and prevention of cancer. In

terms of hunan health, the knowLedge and information

accunufated from anirnal model studies must be eventually be

applied to hunan situations.

It is irnportant to note that a possible protective role
of high fibre or starch diets on colon cancer development may

not be duê to thêse cornponents of the diets aLone.

Furthermore, it is interesting to note that the íssue of fibre
and starch-containing foods in the prevention and treatment of

chronic diseases rernai-ns unresolved in the nutrition
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commun j.ty. currently, health professionals appear to be

advocating increased complex cHo per se in the diet without

delegating responsibility of rrprotectionrr to any single

nutrient. In keeping with this ínformation, j.nvestigators

nust exercise caution in rnaking statements which clain that a

specific 'rdietary componentrr could be beneficial or har¡nful to

ones health in terns of chronic diseases such as heart and

colon cancer. currently, the practice has been to rroverclaimrl

that a high fibre/starch diet helps reduce risk for chronic

diseases such as colon cancer and heart diseases, v/hereas a

high fat diet is cLairned to be responsibl-e for these chronic

illnesses. The developTnent of different conceptions on

nutrition-related diseases by different investigators creates

confusion in the genêral public, This thesis contends that

researchers must carefully scrutinized their findings by

exarnining the advantages ãnd disadvantages of specific diets

or diet.ary conponents before naking nutritional

recommendatíons to the public. It must also be enphasízed

that no research to date has demonstrated a cancer modulating

effect of dietary starch on colon cancer devel-opment,
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7.2 CONCIJUSIONS

The studies reported have systenatically assessed the

effect of starch on the early stages of colon carcinogenesis.

Several important points were considered while conducting

these studies, Fírst, it was deternined rvhether the source of

simple sugar was irnportant in the carcinogenesis process.

Based on this, in subsequent studies, the leveL of sinple
sugar was modified in the experirnental diets to synthesize

diets containing varj.ous leveLs of starch and starch forms

(rar,rr therma 1ly-treated ) . Furthernìore, several proliferative
indices \^rere assêssed in the sarne dietary group to deter¡nine

whether there was any concordance among these paraneters, and

r,rhether anyone or nore of these parameters consistently

changed as the disease developed. Thè following conclusions

can be drawn fro¡n this dissertation:
1) Dextrose affected the developnent of AcF by supporting

the grorvth of AcF as seen by an increased number of Ac/focus

(crypt multiplicity) compared to numbêrs obtained with a

sucrose diet.

2) Diets containing high amounts of raw (Study II) or

thernal ly-treated (Study III) starch did not suppress the

induction and growth of AOM-induced A,cF based on the

general-ized ANOVA (study II) and analysis by orthogonal tests
(study III).



3) Fernentation in the colon

crypt nultiplicity or size of ACF

starch groups.

4) Many of the proliferative

three studies failed to predict

exhibiting dif ferent preneoplastic

103

had no impact on nunber,

in the therma I ly-treated

indices quantified in the

the state of the colon

disease states,

7 .3 RECO!.I!.IENDÀTIONS FOR FUTURE RESEARCH

Based on the findings fron this thesis, the foJ.lowing

areas can bê êxplored in future research:

1. A Longer tern study nust be conducted employing tumour

incidence and growth parameters of AcF. fhis would help

determine whether dietary starch, ra\4r or thermal ly-treated,
rnight have a disease rnodulating effect during later stages.

2, Further studies nust be carried out ernploying different
starches, in order to clarify the role of fernentation on the

development and growth of preneoplastic lesions.

3. Therê should also be extensive examination of

rnorphological features of ACF. McLeLLan and coLleagues

(1991b) reported in their study that a large popuJ.ation of ACF

examined exhibited nuclear abnornalities, which is j.ndicative

of dysplasia, a feature of precancerous Lesions.

4. Identification of consistent and reLiable cellular and

biochernical markers is needed. Currently, the expression of

PCNA in colonic crypts is being used to measure proJ.iferative

activity. So far, PCNA activity in norrnal, pre-neoplastic and
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neoplastic coLonic tj.ssues have shown favourable results,

Yanada et a1. (L992) reported that PCNA-label-ling index

identified more cel-Ls co¡n¡nitted to DNA synthesis in the

colonic crypts compared with BrdU-im¡nunohistochernistry (S-

phase cells), Frorn this, they suggested that PcNA-expression

could be a much rnore reLiabLe and powerfuL tool-.
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APPENDIX A

EFFECT OF S IMPf.,E CÀRBOHYDRÀTE ON BODY ¡{EIGHII

WEEKS TREÀTMEITT BODY I{EIGHT ( GRA¡,IS )

DEXTROSE
sucRos E

DEXTROSE
SUCROSE

DEXTROSE
SUCROSE

119.8 È 3.7'
132.O t 3.1b

222"3 ! 6.2
242.A ! r0.4

317.8 t 10.0
33s. s t 17.0

A]L values shown are the nean I SEM.
lifeans Ín the same row hrith dlifferent letter are significantly
different (p < 0.05). Dextrose, n=4,. Sucrose, n={.



APPENDIX B

EFFECT OF CORNSTÀRC¡¡ (CS) ON I{EEKI,Y I.IEAN BODY WEIGHTS GAIìT IN
SPRAGUE-DAWI,EY RÀTS

WEEKS ON DIET TREÀTMENT (% CS)' BODY WEIGHT (BW)

15
30
45

15
30
45

168.4 t 11.2
185.2 1 s.3
L67 .2 ! A.6

269 "2 ! L3.O
27s.4 ! 4.3
2 61.4 È 8.8

345.0 ! 16.2
359.3 t 8.6
3s7.6 t 11.0

405. { ! 19.3
418.6 t 11.0
383.0 t 13.0

451.0 t 24.0
446.6 t 18.O
446.6 t 13.0

15
30
45

15
30
45

15
30
45

rPercentage of cs usedl in the diet. All values shown are the
mean t sEM. 15% CS, n=5,. 30% CS, n=8,. 45% CS, n=9.
None of the values ín each row lrere found to be
signifícantly different (p<0. 05 ) .
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APPENDIX C

ABERRJANT CRYPT FOCI DISTRIBUTION WITII RESPECT TO CRYPT
MUI,ITIPLTCTTV

TREAT}ÍENT
GROUP

NUMBER OF CRYPTS/ACA

L-2 3-4 5-6 >7

15% CS 249.0 ! 24. Ou,b 50.6 ! e.2 7.6 ! 2.0 3.0 t 2.1

30* cs L94.6 ! 2A.4b 39.8 ! 6.6 6.1 t 1.6 0.9 t 0.3

45t CS 302.2 ! L7.O' 57.7 ! 6.3 7.L ! L.3 2.3 ! O.7

ALL values sho!¡n are the nean t SEM. Means in the aane
coLumn wíth the sarne letter are not signifÍcantLy dlífferent.
15% CS, n=5,' 30% CS, n=8i 45å CS, n=9.
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APPENDIX D

THE EFFECT OF CORNSTARCH (CS) ON MITOTIC ACEIVITY IN THE
COIJONTC CRYPT

COIJONIC SECTION

TREATMENT
GROUP

RECTÀL MID

1s% cs

30å cs

4s% cs

15% CS

30% cs

45% CS

CRYPT ¡{EIGHT/CRYPT SECTIONI

32.0 t 0.1 33.2 ! L.zb

31.0 t 1.4 37.7 ! L.2"

31.0 t 0.9 32.0 t O.3b

¡,TITOTIC FTGURE/CRYPT SECTION2

2.1 t 0.1 1.4 ! 0.3

2"7 ! 0.4 2.2 t 0.4

2.0 ! 0.3 2.3 t 0.3

All values sholrn are the nean t SEM. Means in the Eane
colr¡nn with the Earae letter are not significantly alifferent (p
< 0.05). 15% CS, n=3; 30% CS, n=5i 45% CS, n=4.lNunber of ce1ls per nid-axial. crypt.
2Number of ¡nitotic figures/crypt éèction/group.



APPENDIX E

T¡IE EFFECT OF VÀRYING fJEVELS OF
SYNT$ETIC ACTIVTTY IN TIIE COLONIC
RATS

coRNsTÀRCH (CS) ON DNA-
CRVPTS OF SPRÀGUE.DÀI{I,EY

TREAT!.TENT'
GROUP

M2R2

15% CS

30? cs

45% CS

15? CS

30% cs

45% CS

I,ABET,I,ED CEIJI.ISl
CRYPT SECTION

LABEIIJING TNDEX3

7.A ! O.2

6.6 ! 1.5

6.3 t 0.9

10.s ! 0.5

11.3 t 1.8

L0.2 ! L.2

4.0 t 0.2

5.1. t 1.3

5.4 ! 1.3

6.8 t 1.4

7.9 È 1.8

9.8 t 1.7

rRefers to %cs used in the dliet.2colonÍc sections: R=rectal; M=¡niclsection.3labelIing indlex= (number of labelled cells dividtedl by total
nunber of epithelial cells)nultíply by 1oo.
15% CS, n=2i 30% CS, n=3; 45%CS, n=5.
All values sho!¡n are the mean t SEM.
None of the values r¡ithín colunn for each parameter vrere
found to be Eígnífícantly different (p<0.05).
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APPENDX F

EFFECT OF DEXTROSE AND CORNSTARCH (CS) ON CRYPT
MUI,TIPI.,ICITY

NUMBER OF ÀC/ACF

TREATMENT 1
GROUPS

DEXTROSE 58.0 ! 5.0 84.0 t 12.0 34.0 t 4.1 2r.0 ! 2.O

30? cs 68.4 19.2 78.0 t 4.0 30.0 t 3.1 L6.3 ! 2,L

All vaLues shown are the meãn t SE!'t.

rstudy was conalucte¿l for 4 lreeks. Aninals were killed by CO2
asphyxiation. Dextrose, n=4,. 30% cs, n=4.
None of the valuea for each level. of crypt nultiplicity were
foundl to be significantly dlífferent fron each other (p<0.05).

>4



APPENDIX G

MEAN BODY WEIGHTS IN SPRAGUE-DAWI,EY RÃTS

TREÀTMENT N
GROUP

BODY WETGHTS (g) Or RATS AT WEEKSI

15t RCg 9 128.0
+ lt L ! 3.1

15t RCS 9 131. 6
t 3.9

45å RCS 9 L29.6
t 4.7

15% TCS 10 134.0
t 3.9

45? TCS LO L27.A
! 3.7

233.0
! 4.4

243.0
É s.8

239.O
t s.8

247 .5
t 5.3

237.s
t 4.9

315.5
! 4.7

324.7
! 4.0

334.8
! 5.7

339.6
i 9.1

326 .5
t 4.6

386.0 414.4
t 1.3 È 11.2b'"

381.9 395.6
! 5.2 ! 6.7"

404.7 452.9
! 7.5 ! 10.4å

410.9 436.0
I 4.0 È 17.4",b

392.9 433.6
! 4.6 t 12 . Ou,r'

AII values sho!¡n are nean t 6EM. ¡leans in the same colunn
with the same letter are not Eignificantly different (p<0.05).
lweeks on díetary treatrnents.
L=lactulos e
Rcg=ralr cornstarch
Tcs=thermally-treated cornstarch
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APPENDIX H
GENERAI, ÚINEAR MODEI,S PROCEDURE FOR BODY WEIGTTT AT WEEK 8

SOURCE DFl 6UM oF sQUÀREs p.vAIJuE

TREATMENT (MODEI,) 4 L7s94"2 0.03

ERROR 42 59895.7

CORRECTED TOTAÍ, 46 ?? 4A9.9

CONTRåST2 : CONTRAST SUM OF SQUARES

CONT VS. TREATMENT 1 1550.9

COOKTNG

DOSE

INTERÀClION

1 1060.0

L 7L47.L

1 8450.7

0.30

0.40

0.03

0.02

IDF=degree of freedon
2coNTRAsT=sAs orthogonal statenents usedl to analyze dlata fori
cont vs treatnent=lactulose versus starch treatment (RCg ancl
TCS )
cookíng=rar¡ cornstarch versus thermalLy-treated cornstarch
dlose=ls% versus 45%, (w/tt, cornstarch
ínteraetion=doEe ( 15% ot 452, !r/w) x treateal/raer cornstarch
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APPENDTX I

GENER]\L LTNEAR ¡.ÍODEIJS PROCEDURE FOR ORGÀN WEIGHTS

SOURCE DFI

LIVER

TREATMENT
(MODEI,) 4 0.16

ERROR 42

CORRECTED
TOTAIJ 46

CONTRÀST2:

coNT vs
TREATMENT L 0.22

cooKING 1 0.88

DOSE 1 0.19

INTERACTION 1 O. 05

P-VAIJUE

KIDNEY

o .2a

HEART

0.09

0.66

0.56

0.94

0.04

0. 65

o .22

0.63

0.02

IDF=degree of freedlom
2coNTR.Agt=gAg orthogonal statenents use¿l to analyze dlata for!
cont vs treatnent=lactulose versus starch treatment (RCS anat
TCS).
cooking=rar¡ cornstarch versus thernally-treate¿l cornstarch
d¡oEe=15% (w/w) verEus 45% (irrw) cornstarch
interaction=dlose (15% or 45e., wlttl x treateal/untreatedl
cornstarch
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APPENDIX .T

GENERÀL ÍJINEAR MODEI,S PROCEDURS FOR COIjON LENGTH AND I{EIGHT
IN SPRÀGUE-DAWIJEY RÀTS

SOURCE

TREAT}IENT (MODEI,)

ERROR

CORRECTED IIOTAI.I

CONTRAST2:
CONT VS TREATMENT
COOKING
DOSE
INTERACITION

COTþN LENGTH

su¡'f oF souAREs

32 .37

105.31

137.68

CONTRAST SUM OF SQUARES
5.36

22.76
3.70
0.00

D¡'I p-vAEUE

0.024

42

46

1
1
1
1

0.15
0.004
0.23
0.98

0.16

COTþN 
',IEÏGHT

TREAT¡'ÍENT (MODEL) 4 O.42

ERROR 42 2 .56

CORRECTED TOTÀI, 46

CONTRÀST2 !
CONT VS TREATMENT 1
COOKING 1
DOSE 1
INTERACTTON 1

0.03
0 .29
0.00
0.10

0.49
0.04
0.78
0.19

IDF=degree of freedlom
2coNTRAsT=sAs orthogonal state¡nents used to anaLyze dlata for;
cont vs treatment=lactulos versus starch treatment (RCS andl
TCS )
cooking=r¿¡,¡ cornstarch versus ther¡na1ly-treateal cornstarch
dose=1s% versus 45%, (er/!r) co¡nstarch
interaction=dlose ( 15? or 45%, Ìrlw) x treateal/raw cornstarch
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APPENDIX K

GENERAIJ I.JINEAR MODEI.¡S PROCEDURE FOR ÀCF

SOURCE DFr p-VA&UE

NUMBER OF ACF CRYPT MUIJTIPLICITY STZE OF ACF

TREAT¡'IENT
(MODEI.,) 4 o.a2 O.20 O.1,2

ERROR 42

CORRECTED
TOTAIJ 46

CONTRAgT2:

coNT vs 1 0.99
TREAT¡iIENT

COOKING L O.42

DOSE 1 0.38

TNTERÀCTION 1 0.79

0.55

0.04

0.54

0.30

0.55

0.02

0.59

0.18

IDF=degree of freedon
2coNTRAsT=sAs orthogonal statenents usecl to anaLyze dlata for:
cont vs treatnent=lactulose versus starch treatnent (Rcs anat
Tcs )
cooking=rar¡ cornstarch versus thermally-treatedl cornstarch
alose=15% veraus 45% (!r/w) cornstarêh
ínteraction=dose (15% or 45r", w/w) x treateat/untreatecl
cornstarch



APPENDIX L

PERCENTAGEI OF ACF CONSTSTING OF VARYING CRYPtr
¡.IUI.TIPf,TCTTY

TREATMENT
GROUP NUMBER OF AC/FOCUS

>7

15? RCS 27 .5 36.4 L7 .A 9.8
+1t1 !2.4 t1.4 !0.1 !7.2

15% RCS 27.4 40.s 17.O 8.9
! 2.2 t 1.2 t 1.0 t 0.9

45t RCE 29.7 39.2 L7.L 7.A
!2.6 t1.9 É1.0 t1.1

15t TCS 2A.6 37 .0 16. 0 10.4
É 3.4 t 1.0 ! L.2 t 0.9

45? TCS 23,O 37 .5 1.9.5 9.9
t 1.6 ! L.4 t 0.8 t 1.1

3.6 2.2 2.9
t 0.4 ! 0.4 t 0.8

3.1 1.3 1.8
t 0.8 t 0.5 È 0.5

3.2 1.3 L.7
t 0.6 t 0.4 t 0.3

4.3 r.7 2.L
t 0.8 t 0.3 t 0.s

5.1 2.2 3.1
t 0.4 t 0.4 t 0.5

All values sholrn are nean t SEùÍ.rNurnÞer of AcF consisting of varyÍng numbers of cryptE per
colon alívided by the total number of ACF per colon anal
nultipJ.iect by 100.
1=lactu los e
Rcg=ra!r cornstarch
Tcs=thernal ly-treated cornstarch
153 RCS + 1% 1, n=9
15t Rcs, n=9
45t RCS, n=9
15% TCg, n=10
{5t TCS, n=10
None of the values for each level of crypt, multiplícity were
found to be significantly different, (p<0.05).
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APPENDIX M

PERCENTAGE1 OF ACF WITH VÀRYING CRYPT
¡1ÍULTIPLICITy rN RATS FED 45% (vrlw) RÀIg OR 45t (w/er)
TTIERMAI.,¡.,Y-TREÀTED CORNSTARCH DI ETS

I[REÀl[MENT
GROUP

1 CRYPT

NUMBER OF AC/FOCUS

2 CRYPTS :3 CRYPTS

4s% RCS

45% TCS

29.7 ! 2.6

23.0 t 1.6

39.2 ! L.9

37.5 t 1.4

31" 1 t 2.8b

39.8 t 2.3"

AII vaLues shown are nean t SEM. Percentages of ACF in the
sane coLu¡nn wíth dlifferent Letter are significantLy different
(p < 0.0s).rNunber of AcF consistíng of varying nu¡nbers of cryptE per
colon clividledl by the total. nu¡nber of ACF per coLon. andl
nultiplieal by 100.
45t RCs, n=9
45? TCS, n=10
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APPENDTX N

THE EFFECT OF DIETÀRY TREAT!.IENT ON MITOTIC
ÀCTIVITYI IN TTIE COI.,ONIC MUCOSÀ OF SPRJAGUE-DAWI,EY
RATS

TREATMENT N
GROUP

COTJONTC SECTIONS2

15t RCS 9
+ltt
153 RCS 9

45t RCS 9

15* TCS 10

45t TCS 10

2.2 ! O.3

1.7 ! 0.3

2.O ! O.4

1.9 t 0.3

2.3 t 0.3

2.0 t 0.{

L.7 ! 0.6

3.1 i 0.6

3.1 t 0.4

2.3 t 0.5

AII values sholrn are nean t SEM.rMítotic figures per crypt sections=nunber of mitotic
f igures/crypt section/group.2R=rectalr M=¡rid-region.
1=lactulo se
RCS=raw cornstarêh
Tcg=thernally-treateal cornstarch
None of the valueE for lrithin each colunn for ¡ritotic activity
were foundl to be significantly different (p<0.05).
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ÀPPENDIX O

THE EFFECT OF DIETÀRY TREATMENTS ON DNA-SYNTHETIC
ACTIVITYI IN THE COI,ONS OF RATS FED DIFFERENT
DIETS

TREATMENT N LClCRYPT
GROUP SECEION

R'M RM

1s? RCS 9 2.6 4.2 4.7 6.9
t 0.8 t 0.6",b t 1.5 t 1.0

15? RC8 9 3.9 3.3
+ 1t I t 0.6 t O.7r'

45% RCS 9 2.4 6.1
t 0.6 t 0.4"

15? TCS 10 4.4 3.5
t 0.7 ! o.7h

45? TCS 10 4.0 4.6
t 0.8 É o.9u,b

6.4 5 .2
t 0.8 t 1.0

4.0 9.2
t 0.9 t 0.5

6.4 5.8
t 1.0 t 1.1

5.7 7.L
t 1.0 ! L.2

ALL våLues sholrn are mean t SElt. Means in the sane colr¡$n
nith the same letter are not significantly dlifferent (p <
0.05).
1=lactulose
RCS=ralr cornstarëh
Tcg=thernaLly-treatedl cornstarch
'¡R=RECTAIJ, M=MIDREGION
lDNA.SYNTHETIC ACTIVITY :
LC/CRYPT SECTTONg=labe1ledl ceLLs per crypt sections
Lf=Iabellíng inalex: number of labelled celts ín the srypt
dívidled by the total number of epithelial ce1ls in the crypt
nultíplied by 100.
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