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ABSTRACT
It was hypothes1zed that d1etary fat a]ters the membrane lipid

compos1t1on and perox1dat1on of the S0- ca11ed "non- pro11ferat1ve and-

pco11ferat1ve ce]l popu1at1ons in the rat 1arge 1ntest1ne. In‘this
regard, Sprague -Dawl ey rats wer fed‘d1ets prov1d1ng 50% or 15% of
energy as fat with po]yunsaturated . saturatedﬁfatty acid ratio of 1'21
or 0.3 for a 25 day per1od Ce]] popu]at1ons were iso}ated and the -
effect of dletary fat’ on po]yunsaturated fatty ac1d content and
perox1de 1eve1s was determinegd. " | ,

: Ne1ther fat level, or atty acid compositionTOf'diets.inf1uenced
total cholesterol, tota1 phospholipid, and percentage of phospho]1§]d
c1asses? Increased po]yunsaturated fatty acid content and 1ncreased
unsaturattpn 1ndex of mucosal ce]] phospho11p1ds occurred in. animals
fed high fat and/or h1gh po]yunsaturated to saturated fatty ac1d ratio
d1et ‘This increased in po]yunsatUrated fatty ac1d content was
paralleled by a decrease in the monounsaturated fatty acid contenf of
mucosal cell phospho11p1ds in these an1mals.. fhe tota] saturated fatty
acid 1eve1 was  not . 519n1f1cant1y affected by diet. treatment

"\

Var1at1on in phospho!iprd

itty gc1d compos1t10hk$etween ce1] fractions -

- on—pro11feratjve and pro11ferat1ve - was also observed
. Ldpid peroxide values obtained for mucosa1 cell lipid. fractions
were sensitive to dietany~fat treatment. Groups fed high fat diets,
compared to groups fed Tom.fat diets, exhibited\higher.peroxide fevels
when  expressing . the _results‘;:,s ~nmole . equiva]ents :of cumen 3

hydroperoxide/mg ofmbrotein. H1gher perox1de 1eve15 were. observed in.

the mucosa1 ce]] Tipid fractlons for rats fed high po]yunsaturated to -

»
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saturated: fatty acid ratio diets compared to . rats fed . low

polyunsaturated to saturapéd fatty acid ratio diets when expressing

1ipid peroxide/nmole 6f phosﬁho]ipigs; Therefore, further research is
requiréd to de1ine$te which dietary factprs - fat level,
po]yunsaturateg' to saturated fatty ~acid ratio, or both ‘- primariiy
influence 1fpid peroxidation. | B
In conclusion, chénges in fat 1eve1\and féfty acié\composition of

the diet altered the mucosal cell membrane lipid composition in the rat

large intestine, and influenced the susceptibility of mucosal cell

N
o

1ipid‘to‘peroxidation.

14
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" THESIS ORGANISATION

Chapter 1 presents an extensive review on the Targe bowel cancer

and‘jts possible etio]ogy The theory on lipid peroxidation and ‘free
radicals, as well as the effects of d1et and free radicals on colon
cancer are covered. The rev1ew lTeads to the rat1ona1e and the
hypothes1s of this thes1s research

Chapter 2 reports and d1scusses the results of my study examining

the effects dfﬂ,dietary fat treatment on the 1lipid composition and

<

perox1de 1eve1s in the mucosal ce11s from the 1arge intestine. An

-

1ntroduct1on recalls the rationale for this exper1ment, a . general

d1scuss1on covers the major findings and cr1t1c1sms, and a pnpposa1 for

‘ ‘future stud1es conc]udes the thes1s. S ;*
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" -"A. LARGE BOMEL CANCER, DIET, LIPID PEROXIDATION AND FREEsRADICALS: A

1. INTRODUCTION -

3

REVIEW - R - e,

L ]

According to the Amerfcan CancervSociety,'more than 123,060 new

cases of colorectal cancer are d1agnosed annua]]y in the +U.S.A. The
et]ologlca1 factors are numerous, but genera]]y re]ate to d1etary
haﬂ;ts and to'Aéénetic?‘factofs;v ‘A great deal of rese:cch esamines
effects:of diet on fecal constituents and on_thé inciden.e of,]argé
béwe] pancér. However , Iitt]g _%esearch zhaém déterminéd' effects of

dietary fat on membrane composition in the intestinal tract in relation

‘to the rate of lipid perox1dat1on geheration .of  free radicals and

1'7 %
poss1b1e 1mp11cat1ons for 1n1t1at1on of co1on1c carcinoma. This

chapter reviews 1ntest1na1 mucosal structure, main - theories proposed

for deve]opment of. 1arge bowe] cancer, 1nf]uence of dietary. fat on
‘membrane compos1t1on, and generat1on of 11p1d ‘peroxides and free

radicals in relation to phys1o]og1ca1 effects. A synopsis of th1s

information leads to the rétibna]e of this thesis research.

I1. NORMAL HISTOLOGY,0F THE COLORE¢TUM.. - Ca

The large bQWéT of mice can be. divided ihto ascehd{ng, transverse,
and descending, colon (1). The rectum is differentiated from the
descending colon by having transverse folds of mucosa. Oblique folds
charqcterize the ascending colon, while transverse and descending
portions are‘djstinghished by 1bngitudina1 fQ]dS‘(l).

The wall of the colon and rectum are composed’of discrete layers

including mucosa, submucosa, muscularis propria and serosa (1,2). As

>



opposed to the small intestine, tHe'large bowe1 does not have.a villus
(3,4). The méEysa contains simple straight tubu1a;’g]ands: known as
Crypts of Lieberkuhn (3-5). " Thé 1amina.propfia - joose aerolar
Connectiye tissue - sepa;ates the Cr}pts (1,2,5). The lower third part.
of the crypt s f/tﬁe site  of an “intense proliferation | of
undifferéntiated cells. ‘Dur{ng cell migration to the upper part of the 3 
"crypt; thesq cells differentiate into absorptive cells, gob1et'ce1ls.
and, to a lesser extent, into endocrine cells to form thevepfthe]ium.
When differentiated, these cellsg do not undérgo ce]l division. Thus,
initiatioﬁ of neop]asﬁé has a greater chance'to occur in the highly

~proliferative portion of the crypts.

:

Vf Plasma membranes'of absorptive ce]jé are divided into a Tuminal

ITI. CELL CHARACTERIZATION

part, the Brush border, or ﬁfcrovi]]us membrane, and a. basolateral
‘ région. Isolation and 1ipidicharacteriéafion-of;ﬁicrov111us and
basolateral membrane (BLM) have been pe}formedv(6-16) mainly in rat and
rabbit small intestinal epithelial —<ells. Interactions of 1fpids and
proteins 1in ‘entérocytes have ‘been studied by differehtié] scanning
'calorimetry, fluorescence polarization ahd Arrhenius kinetics (9-11).
By these‘methods,.important variations weré found petween’prox1ma1 and
distaj portions of small or large intestine as well as Qithiﬁ a cell
between  ‘brush.. border and basolateral  membranes(4,6,7,17,18).
Baso1atérai;membrane lipids exhibit a greater motional freédom'éompared
with theimicfbvj]]us. ‘Thé 16Wer f]uidity observediin the brushﬁbordEr
bilayer cofreTétes with hfgher ratios of protein/lipid (w/w) and

(S

cho]estero]/phoéphngpid (w/w) than in the basolateral membrane



and composition have been reported (18).

" IV. LARGE BOWEL CANCER

The etiology of to]orectai éancer may be attributed to two main
factoré: gén?%icaénd environmental (22). 'The efvironment is defined
here as the Eontenth%f the }u%en of the intestina[ tract, 1nc1uding
diet, ‘bile acids, and ‘QUt microflora. Racial, Qeographica1 or .
"re1igious factors whicﬁ ~influence " life sty]e may be related to
dif%erences in dietary habits. Consequently, attention is focused on-

the role of diet in large bowel cancer incidence and development.
a) Theories

i) The Fat-Fiber Theory ¢ -~ |

Both epidemiological and experimental studies support the theoéy of
; tUmor-promoting effect of high fat diets and a protective effect of
dietary fiber (23-32). This theory emphasizes the ro]e‘of secéndary-
bile acids and gut microflora. Nyndér et.al (23), in an attempt to
explain the relationsﬁip between dietary fat and colorectal cancer,
pbstulated that concentrations'qf both bile acid§ and neutral sterols

in fhe"gut Tumen and composition of the microflora are functions of fat

’
"
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intake. They also hypothesized that. gut bacteria, by degrading bile

acids, may generate'carcinogens. This is supported by a great deal of

epidemiological'research (27-29).  When high risk populations: -
. _ .

cporacterized by high fat, low fiber diets - are compared’ with low risk

populations - whose diets are low fat, \'high fiber - 1mportant

differences are observed in the const1tuents and m1crof1ora of feces//

High risk groups:suoh as the English (27,28), Scots (28) and North
Americans (28) hdre.been compared with'1ow risk groups such as Ugandans
(27,28), Japanese-(ZS) and Indians (28). In»the'high risk populations,
higher goncepirations of ;serondary bile acids,v deoxycholic and
11thocho1fc aeids - whfch hdve; knowﬁp cocdrcinogenic -or carcinogenic
activity - and a much higher,rat{o of anaerobic to aerobic bacteria
have been observed. Fiber, py its‘Water;holding and organic acid- and
catioQ-binpipg ‘properties, ‘has - been considered protective in the
etioioﬁy.*of\ilarge bowel cancer (26l29 31) i When populations w1th
sihi]arrfap fntake but differept{qpounts of f?ber 1ntake were compared,

a decrease of colon cancer inc1dence qas' observed (29 31). It is
'hypothes1zed that as fiber has the propert1es fo adsorb organ1c acids
and be water- ho1d1ng, with h1gh fiber 1ntake (16 mg/day) carc1nogens
and other tox1c products will be ' 1nact1vated" and d11uted " Fiber a]so
enhances gastro1ntest1na] act1v1ty, thus decreas1ng transithiime in the
gut. Therefore, by decreasing the chance of the . carc1nogen1c event,

f1ber may play a protect1ve role in the etiology of. colon cancer.

Trudel et —al (26) demonstrated fat/fiber 'antagonism “in rat

dimethy]hydrézine-indUced_carcinoma, supportithcurrent epidemio1ogica1j,

and experimental data. The influence of fat and fiber on incidence of

large bowel cancer is?welliéccepted, but the importance of type of fat

v



- saturated or unsaturated - still needs to be accurately delineated
(26, 33) Fibers vary in their effect; some types are antagonistic,

others are proteetive (26 34,35).

ii) The Caiciun Hypothesis

Newmark et al (36) récently e]aborated.a calcium hypothesis;
compiementing the theory for.fiber's protective effect. Free fatty
acids and feca1 bile acigs by decreasing the pH in the gut 1umen may
be irritating for 1arge bowe],epithelium. Th1S may 1ncrease its
permeabi]ity and sensitivity"to carcinogens and other toxic agents.
However, free fatty'acids and.fecai bile acids will react with calcium
(Ca++) to form insoluble soaps which are -excreted via feces. This
increases the "pH and decreases the inCidence'of carcinoma. The
ava11ab111ty of ca1c1um is diminished by phosphate ‘which competes with
free fatty ac1ds and feca] bile aCids to form calcium phosphate
Newmark 's hypotheSis, based on the reaction of calcium to form
inso]ubie soaps, suggests that dietary calcium should be increased from
current 1ntake of 0.93 g/day to+.5-2. 0 g/day, a ‘quantity beiieved to
be non- tox1c ' Th1$ theory needs further 1nvestigation .

It is noteworthy to mention that catt administered to rats by the
intraluminal route (gavage) decreased brush-border membrane fluidity,
but not basolateral menbrane fluidity, from mucosal cells of the'sma11
intestine (37). While no significant alteration in lipid or total
phospholipid  fatty acyl composition _occurred, part of the observed N
effect could be exp]ained by increased sphingomyeiin content in this

L8

membrane type. On the other hand, ca*t administered intraperitoneally

. . ; . \
did not affect fiuidity, lipid composition or enzyme activity in



- discussed in a subsequent section.

brush-border or baso]atéra1 membranes. In vitro experiments using
membrane preparations from the small or large intéstiné 'showed
decreased brush-border mémbrane fluidity, increagéﬁ saturated fgtty
acid content of total phospholipids as well as increésed satu;étion
index of this membrane after Ca'' treatmegt (38). Different effects
depending on sites é]ong the gut'were observed. Unfortunately, only
data on the brush-border .membrane from the sma11 .intestine was
presented. Mechanisms by which Ca't affects membrane strUctute and
functidn is not yet understood. Ca++‘is a]so a second messenger which
is modulated by. phosphatidy]ihdsito] turnover, and that regulates-
phospholipase A, activity (39). Prostaglandin metabolism is, in part,

regulaced by cytosolic Ca++ and phospholipase A2. Al1 these factors

.may play a significant role in developoment of neoplasia and

carcinogenesis.

In summary, a decrease in incidefce and development of colorectal

cancer is correlated with a low ?at,"higﬁ fiber diet. A higher calcium

]

intake may provide an additional protective -factor. The postuﬁated

protective effect of selenium and vitamin E in large bowel cancer is
 J

- b) Diseases Incfedsing Risk of Co]on‘Carcinoma

Some diseases of the large bowel may lead to increased risk of

colorectal carcinogenesis. Individuals at increased risk are those

with familial polyposis, Gardner's syndrome, - Turcot's  syndrome,

adenomatous or mixed adenomatous hyperplastic polyps and inflammatory
bowel ' diseases including ulcerative colitis and Crohn's disease ..

(40-42). The chance of mutation in these diseased bowels is higher



than in healthy intestinal tracts. The risk is a function of severity
] . )
of disease and age of the patient.

c) Carcinogenesis - 5
Chemically-induced tumours in animals and cell cultures (43,%4) )

have been used to develop models for carcinogenesis. Two theories =

s

the dysp]asia-tércinoma sengpce (42,44) and the "de novo" development
of carcinoma (45) - have beei]proposed. The opponents of: the lTatter
théony claim that thg origingting adenoma is not distinguishable from
normal tissue-eéen J;der microscopic examinatibn. kMore attention’hasXH-
been given to the adenoma-carcinoma sequence (Figure 1-1). This
multistage development of qancef is characterized by initial and‘
pfomotiona] stages. In the initiation, apparently normal proliferative
cells in the lower fhird portion of the'crypt‘of Lieberkuhn may be
su;§55§§g9 mutatibns, 1eadihg'to éysp]ast{é*tissue. By'%he actidn of a:
tumor promotor, adenoma (Behign tumor) within dysp]agtic cells may be
formed. In :Pe promotional stage, some adenomatous cells may undergo
further modﬁfications 1eading to carcinoma (malignant  tumox).
'Ma1ignant tumors degrade -adenomatous cells By secreting plasminogen, a |
proteolytic enzyme. Indeed, a cure is possib1e’.if all neoplastic
tissue is rémoved-béfore_or up-to the ear]y;malignant t;ansformations.
The initiation of carcinogenesis is a rapid procéss‘which involves DNA
damage. On the other hand, the’promotiohal stage is a‘nefative]y slow
aq@ uﬁknown phénomenon cha}acteriied by' many physical changes and
intrehsed cell pro]iferat{on. Due t6 the rapidity of the’initi@tion,

the promotional stage has been considered crucial in prevention (43).
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V. INFLUENCE Or DIET ON CELL MEMBRANES

a) ‘Mammalian Memsrane: Str;ucture and -Composition

Singer and Nicolson (46) in 1972 proposed a fluid mosaic model of
the membrane,. emphasizing its dynamic aspect (Figure 1-2). In this
moqel, 1ipids form a bilayer with their hydrophi1ic heads at fhe
exterior and with their lipophilic tails at the interior of the
‘membrane. Proteins can be either on the surface or embedded in the
membrane. = Other important conl.ponentslare carbohydrates, ions a_nd—
.w.ater. 'Amo'pg the 1jpids, one can d‘isting.uish between polar lipids -
‘such as phosphoh'.pids (the main class) or glycolipids - and non-polar
11'p‘1"d5 - such as-mono-, di-, tri-glycerides, sterols and sterylesters.
The specific éomposition of a membrane characterizes its phyéica] and
bio]ogica]“properties. Great -variations inm composition occur among
tissues but also émodg’ce11s within a tislue. Comparisons betweeq the
Arrhenius break—poiﬁt in intact membranes and the transitfon
temperature of the buTk.1ipids led to the new cohcept of thg importance
Aattributed to the microenvirogmea%fiﬂrroundipg the enzyme or functioné]

protein ¥n the membrane (47).

b) Diét Influence on Membrane Composifioh and Function

Whether or not diet modifications in type and amount of fat can
mpdu1atg’membrane cor_nposifion and-cons'eq.uen‘ﬂ'y membrane physical and
bio]ogiéa] proper.’tfes is of interest'.' “In vivo" and "in vitro" studies
have been peformed as r.ev'ie\wed by S$pector and Yorek (48)._‘ “In vivo",
the_e‘ffects of dietary fat ‘or.1 erythrocytes 1;n humans (48) and 6n

different membranes in diverse tissues of animals (49-55) have been

.-



~The material involved in this page has been removed because
of the unvailability' of ¢opyright permission.” '

Figure 1-2. The lipid-globular prote1n mosaic mode1 [From S1nger

SJ and Nicolson GL, Science.1972;175:720-731]

The. membrane consists of a lipid b11ayer in which prote1ns

(solid bodies with stippled surfaces) appear at the surface of -
the membrane or embedded in the 1ipid matrix. The 1lipid

composition of the microdomains surrounding the' proteins

controls, in part, the protein mot1ona1 freedom within the plane -

of the membrane _
\



investigated. “In vitro", the influence of various -edia on cells in
cy]ture, such as mammalian and Ehrlich ascites ce fibroblasts and
platelets, have been examined (48). It is now accepted that membrane
1ipid composition ref]ects, in part, dietary“fat intake. .Fluorescence
’ poiariia%ion, e@ectron spin  re-..unznce, ” and . differential scanning
calorimetry studies have shown relatively high membrane fluidity in
membranes with a high unsaturéted versus saturated fatty acid contenf
(49,53). This f]uidfty is also affected by cholesterol. Furthermore,
functional changes 1in membranes such as liver microsomes (59,51),
hepatocytes (56) and mitochondria (57,58) have been observed when<diet
fat was modified. Thus, not on]y intrinsic, but also -extrinsic
ihf]uences control membrane lipid cdmposition, affecting membréne-bound
enzyme activities. - For a review on the effect of diet fat on

subcellular structur~ and function, see Clandinin et al.(59). - The'

12

structure " and composition of both brush border (9-11,16-18) =%hﬁ" ‘

Tt

basolateral membfanes »(7,8,10,11,17) have been determined in rats
(7-11,17,18) and in rabbits (16). Little, however, is known about the

qro]é‘of dietary fat on 1lipid composition of these membranes in both

small and large intestines. Recently, Thomson et al. (61-63) studied

effects of dietary fat manipulation on intestinal transport.' In

.»genera1, Changes in intestinal function of healthy rats did not

correlate with changes in the effective resistance of the intestinal
unsfirred water 1qyef, the gut morpho]ogy, or with the brqsh-border
‘membrane phosbho1ipid or ch&]esterol content. However, in-a previous
study- by this group (64) brush-border membrane phospholipid fatty acy]l
composition was a]tered by feéd{ng a saturated fat diet. Thus, it is

1ikely that changes in the fatty acyl chains of the membrane 1ipid is,

/



in part, responsible for changes in active and passive intestinal
transport resulting. from manipu]ation’by dietary fat. The mechanism by
which these changes occur seems complexwand remains to be elucidated.

/
/

Brasitus et al. (14Y) studied the eﬁ{;cts of saturated and unsaturated

triacylglycerol on the. composition ‘and _f]uidity of rat” intestinal
ptasma membranes. In this experiment, proximal and distal portions of
both small and large intestines Wer% used. As observed in other
fissues, diet influences enterdcyfe and co]onocyte' membrane
composition. Marked varijations betﬁeén brush border and basolateral
lipid coﬁﬁosition énd fluidity may uhder]ine ipdividua] functions of
both these memgranes. Further studies pare neéded to detérmine
compositional diffefences exhibited and maintained by both,me&branes;

~

dietary effects, and the physical and biological implication of changes

in membrane composition. : : ' v

.m,; -

VI. LIPfg PEROXIDATION AND FREE RADICALS '

a) Free Radicals

Free radicals are generated through a homolytic break (65). They
are characterized by an impaired electron and thus a net spin. These
characteristics .are used to measure free radicals by Electron Spin
Resonance (Eghj (66-68). The toxicity of free radiéa]s'is a function
of their lifetime in relation to their reactivity (65,66). A radical
with short lifetime and high reactivity will interact with a nearby
substrate.  The consequence of this interaction debends 6n thé kind of
substrafe involved. Conversely, a radical- with a long lifetime and

Tower reactivity will be able to diffuse from its site of origin to
' &

.
&
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another site where, it may cause cell damage. Irradiation - ionizing
radiation or 1light, 'or bond homolysis - uncatalysed or catalysed ™
non—enzymalica]ly or enzymatica]]y, may denerate free radicals (65).
In vivo, free fadicais are generally produced through a catalytic and
complej pathw§y. Damage produced by ffee radicals are several.
Reactive free radicals may cause DNA damage, destroy nucleotide
coenzymes; geﬁeratg lipid pé}oxides, injure membranes affecting their
gio]ogica] functions, and disturb SH-dependent enzymes (69).

)

b) Lipid Peroxides in Diet ' \

Even if antioxidants are added to foods, 1lipid peroxides may be .
present in the diet (70). The<: peroxides are generated mainly by |
frying meat or heafing oils-to high temperatures.

Boigegrain et al (71) iﬁvestigated the deperoxidation of
hydroperoxylinoleiz acid by g]utéthione 'pekdxidase to its non-toxic
product in the rat intestinal mucosa. Though the\ capacity of the
intestine to reduce this 1ipid peroxide by g]utathione-peroxidaée was
6;f01c “ower than in the Tliver, - activity in  the gut was not
insignificant. = This animal model needs to be applied to studies of
humans. { |

The upt?ié—a?\lgPel]ed secondary aQtooxidatioh products of.Tino1eic
acid was %nvestigaied' in the rat (72). The dose was given
intragastrically after a four hour fast, and approximately half of the’
orally fed secondany dutooxidatibn ptdducts were eXcreted in thevfeces.
From the other half that has been absorbed,‘approximatly 50% was
discharged by urination and 25% thrdUgh‘COZ. The last 25% of secopdary

autooxidation products of linoleic acid were metabolized in thel1iVer



with possible deleterious effects. Another group (73) performed the
same experiment but fract1onated the secondary autoox1dat1on products
into  mor eric-polymeric and low molecular weight fract1ons.v
Ihteresting]y, the Tow molecular weight compounds from Eéthy] linoleate
hydroperoxides were better absorbed. Only 3% of the radioactivity was
recovered in the gastrointestinal tract andbin‘the feces comparea to
53% and 41% for éLe monomeric-polymeric fraétion and methy? 1jnoleate
hydropéroxides respéétive]y As can be expected, excretion through
arine and CO2 was much higher for the low molecular weight 1abe11ed
-compounds_ compared to the two other fract1ons

Bergan and Draper (74) found that about 45% of the 114

C-methyl
Tinoleate hydroperoxide, administered by intubation, still remainéd in
the gastrointestinal tract of rats after 24 hours. It was found as
intact peroxide, principally bound to the wall of the stomach. Aé no
evidence was obtained for the absoﬁption"of unchanged peroxide, it 15
suggested that the hydroperoxide had undergone a reductioh during
absorption to tﬁe‘non—toxic hydroxy acid. A criti¢ism to these
expefiments is that 1ipid peroxides tested were not mixed with food and
levels were not physio]pgita]. This may affect the absorption process.
On the other hand, it may be concluded that either long chain fatty
acid hydroperoxides are not absorbed or epithelial cell membrane
contains a defence system which transforms toxic lipid peréxides to

non-toxic hydroxy acids. It may be more important that 1lipid

peroxidation may occur intracellularly,or in membrane.

c) Intracellular and Membrane Lipid Peroxidation

4

‘The process of 1ipid peroxidation is characterized by qh



initiation, propagation and terminal sequence (Figure 1-3) (65). In

the initiation stage, the decomposition of a substance such as an
. 4
azocompound, generates a free radical. This free radical may react

~

with oxygeh to form a peroxyl radical. This unstable peroxyl radical
may fin tﬁrn interact with unsaturated lipid (the best substrate for
peroxidation)‘;nd form a carbonfceptred radical. In the propagation
sequence, this new raflical reacts with 0, to again form a »perogy]

radical, which in turn combines with another 1ipid. The end product of
!
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this reaction is a free radical and a hydroperoxide. Theoretically,

these two steps are perpetuated‘untf] stopped by a termination reaction
or until the substrate is used up. ?In vivo“, this propagation may not
easily occur due to presenéq of antioxidants and absence of nécgsSar;
substrates fn proximity to the membrane (75). This termination
reaction ma} n-cur when two radicals collide or by the presence of
antioxidants 1 o as vitamin E. The hydroperoxide may also undergo
further reactiqns catalyzed by cytochrome P450. These reactions
"generate break-down products, 1including unsaturated aldehydes or
malondialdehydes, but also toxic free radicals such a;lhydréxide or
superoxide (76,77). The action of iron (Fe++),on hyqroperoxide
~releases a free radical. By further degradation, this product leads to
another free radical, which may enter the ﬁropagation sequence.
| Sbhe enzymatic reactions and drugs reducé oxygen to thé‘toxic
superoxide, hydroperoxide or hydroxyradical (77). The action of

hydroquinones, cétecholémines and flavins on H,0  also release

superoxides. Another pathway, the iron-catalyzed Habe -Weiss reaction,

also generates free radicals (77). Superoxide, hydrOperoxﬁde. and

++ ++ . v o )
Fe /Fe+ are involved.  Rates of intracellular radical production are
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Figure 1-3. Lipid peroxfdation and free radicals: pathways

The pathways described represent a summary from the Titerature,
and does not keep count of the site specificities.
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affected by modulation of enzyme activities, cofactor avai13bi1ity,
‘ substrate concentrations,and oxygen-tensioq (77}. Furthermore, some
'conditions - such as hyperoxia, antibiotic and drug therapy, or
ischemia - favour generation of free radicals and lipid peroxides (77).
Free radicals not only have negative effects; they also play a
protective role in phagocytosis against invading organisms (77), as
well' as in prostaglandin metaQolism where small amounts of freé
radicals are needed ?or initiatiqé of the cyclooxygenéSé'reaction (78).
Indeed, the cell must have a defencg system againstﬁtoxic lipid
.peroxideé and free‘radica1s?’ This defence system functidns mainly via
“antioxidants such as vitamin E and the NADPH-dependent enzymes _
selenium- and non-seleniﬁm—dependent glutathione peroxidases _ which
catalyse the reduttion Of_hydropé?bxides (70,79-81). Heme peroxidase
has the same function, but releases potent free radicals. As vitamin E
is the only known 1ipid soluble antioxidant, interactions with water
soluble antioxidants of the cytoplasm might occur. In thé past two
years, a number oflexperiments have demonstrated interaction between
glutathione, ascorbic acid and vitamin E (82-86). It was also shown
that the cytosolic fraction is of prime importance for efficient
defense against reduced oxygen .species; protein may be involved
(85,87). | | |

A normal cell maintains a balance between production and
degradation_df free¢¢adica1sa(88). Displacement in this balance may
lead to cell injury‘through stG‘ctura] and functional nmmbran; damage
or muta{ions.‘ Extensive sdb-ce11u1ar damége may rééUlt in cell death
(89). On the other hand, cancer may OEiginate from limited

sub-cellular injuries. 1In a recent ‘study, microsomes and plasma

t



membranes 1so1ated from rat 11ver and hepatomas have been compared for

lipid composition and antioxidant enzyme activities (90) " Hepatoma

membranes ' exhibited lower 1ipid peroxidation susceptibility and lower

enzymat1c protect1ve activity against toxic reduced oxygen species
L
compared to norma1 membranes. While vitamin E content of both hepatoma
43
and rat 11ver membranes were similar, this. surprising lower 1lipid

~

peroxidation susceptibility in hepatocellular carcinoma may partly be

explained by a protective. action of increased membrane saturation

index. ‘Consequently, the vitamin E to polyunsaturated fatty acid ratio

was higher in the tumor membranes and this observation is in EQreement
with results reported by others (91). Furthermore,Anorma1 membrane
fractions, after treatment | by oxy radicals, tend to exﬁibit
simi]aritfes with tumor membranesk90). These observations 1ed to the
hypothesis that» structura1~ and ’functfona1' alterations of tdmor
membranes1is a consequence of previous suffering in vivo by oxy
radicals. Lipid peroxides are known to- decrease DNA synthesis, cell’
division, and tumor growth. Effects of free radicals on mutation and
cancer initiation heve been extensively -reviewed (92).

Peroxidation has been studied mainly in smooth muscle cell, cultures
(93) erythrocytes (67), Tliver microsomes (76,94,95), hepatoma
microsomes (94), hepatocytes (96)‘ and Ehrlich ascites cells (97),
Perdxidation in gut microsomal or plasma membrane fractions has only

been studied to a limited extent.

VII. SELENIUM, VITAMIN E AND CANCER
Av1arge number of studies related to vitamin E and selenium are-

found in the Titerature. It is well known that vitamin E limits 1ipid

Lo
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peroxidation by -free radicals, (reviewed by Tappel; 70). This

-

antioxidative roie functions in cooperation with selenium  through

Se-dependent glutathione peroxidase (98). In animals such as rats or

20

chicks;‘ a positive logarithmic correlation between GSH-peroxidase

‘activity and selenium concentration has been found (70). A significant
'sbecific activity of the enzyme was measured in the stpmach and -small
intestine.

., The first animal experiments showing:an anticarcinogenic effect of
selenium was performed by Clayton and Baumann in 1949 (99): Many other
studies have since» shown this protective effect of se1eniu% against
cancer. -The protective effect dgpends on “the coﬁ;entration used.
Studies in animals with both spontaneous and chemica]]y—%nduced tumours
have been performed (100-103). The finding that-groWEh of tfansp]anted
tumoursAwas not prevented by se]eniﬁm suggests its effect may be
limited to aberrant cell pbbu1ation§ in early phases of development.

Frequently, lower than normal concentrations of<5;;25ium in blood,
serum or plasma were observed in cancer patients. Age-corrected cancer
mortalities inversely correlated with calculated dietary ‘se1enium
iﬁtakes for data of 27 countries (104). Regardless of statistical

_;pggblems in epidemiological studies, the best correlation was found for
breast (r=-0.80, p<0.0001), followed by colon - cancéfs (r=—0.74,
b<0;0001 for males and r=-0.72, p<0.0001 for females). A similar
inverse correlation was fduhd when sé]enium content of whole B1ood from
healthy donors was exaﬁined, both for the 27 countries studied and for
4§evera1 states in .the U.S. In conclusion, there is indication that
selenium has a protective'effect against cancer. Indeéﬂ, other

_ N .
antioxidants, including ascorbate and beta-carotgne, have also been

\
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correlated with decreased incidence of some forms of cancers (105).
A decreased incidence of mamma;§ tumors in rats (106) and colonic
tumors in mice (107) has been observed when dietsvwefe supplemented
with vitamin E. Epidemiological data afe not yet available on the
possible protective effect of this vitamin in cé]orecta] cancer. There

are, however, two studies in progress - one in Canada (108) .and the-

other in the U.S.A. (109).

VIIT. SYNTHESIS OF TWO THEORIES ON COLON CANCER DEVELOPMENT: AN
HYPOTHESIS

In light of the data presented both bile acids and free radicé1s
may ~act in concert to promote neoplastic diseases. High
polyunsaturated fatty acid intake, among all the parameters that may be
iﬁf]uenced, increases membrane  fluidity and membrane 1lipid
peroxidation. Increased membrane f]qidity may be associatéd with
decreased membrane absorptien sé]ectivjt}ﬁleading to higher sensitivity
to toxic products including carcinogens. Lipid peroxidatiqﬁiggnerates
free radicals that may cause cell injuriesﬂzuch as,ﬁembrane dgﬁage and
DNA mutation. High fat intake has.been‘aﬁsociated‘with increaseq bile
acid- production from cholesterol. - Secondary bile acids show
carcinoge;ic activity, which may be enhaﬁced in tissUe§ with high
membrane fluidity. Furthermbre, dietary fat influences metabolism of
‘prosgpglandins,‘ an 4important factor when consﬁde}ing neop]astig'
diseases. Dinect effects of Ca'' or its action as a second messenger
also has to be éonsidered. It should be rememb@?ed~that'carcinogenesis

is a dynamic process.

It is of interest to note that human coloreéta1‘canper, as- opposed
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to rats or mice, develops only in the Tower part of the large bowel,
the site of bile acid absorption, while the whole large intestiné is in

“contac. with bile acids. Thus, it may be relevant why human large

bowe1‘&ﬁncer develops at the bile acid reabsorption site. Why are

there differences between man and rodents in sites of large \bowe]
cancer? How does dietary fat influence colorectal cancer deve1opment2
In conclusion, it seems that high fat diéts of high polyunsaturated
to saturated content may initiate and/or promote tufmor development.
Factors such as bile acids, membrane 1ipid f]uidity»and lipid peroxides
may act in ‘concert inducing and/or promoting neoplasia. Further
investigétions'are needed to aécurate1y delineate specific effects and

mechanisms.

IX. SUMMARY
| Colonic epithelial differentiated cells do not undergo division.
Neoplasia and thus malignant tumours in thisvtissue 1ike1y.originéte
from non-differentiated and pro]ifefative cells located in the Tower
third portian of the‘crypt of Lieberkuhn. Eactors such as fat, Vitamin
E, selenium, énd other'antioxidants'may play an important role iﬁ the
.eti_logy of large bowel cancer. As observed ih other tissues, a high
v*%&ﬁfunsaturated fatty acid diet should increase the content of this
type of fatty acia in co]onoéyte membraﬁes. |
Pd]yunsatufated fafty acids are good substrates for 1ipid peroxidatﬁon

n N .
and~ consequently free radical generation. These free radicals may

cause cell damage, structural and functional injuries to membranes an

mutations. Fdrthermore, polyunsaturated fatty acids (PUFAs)

22

membrane fluidity, possibly leading to higher sensitivity/to toxic

/N



agentsy including carcinogens. These factors increése risk of
_deve1opin§_cblorecta1 cancer by affecting pfoliferativé7ce11s. Vitamin
E - by its antioxidant function - and selenium - as ‘cofactor for
g]utathione peroxidase - play a\§ignificant protective role reduéfng
incidence of some forms of cahcer; such as mammary cancer. However,-.
little is known ébout the influence of diet, first on large bowel cell
membrane composition, and secondlyﬂén-the role of lipid peroxidation in
this tissué. Furthermore, little 1§ known about the bhysio]ogy of the

proposed protective effect' of vitamin E, selenium, and other

antioxidacive factors on colorectal carcinogenesis. In conclusion, as

23

marked variations may occur from one tissue to another, further

Jdnvestigation is needed to determine the influence of these factors in

the large bowel.

B. RATIONALE = ‘ e

& Very Tittle js Kyown about the effect of diefary fat on the
composition of tﬁe ??o]iferative-ce11 memhranes in the crypt of the
large bowe1‘and on the extent of lipid peroxidation in this cell type.
Rates of Tipid peroxidation and- free radical generation depend, 1nw
parf, onathe availability of po]yunséturated fatty acids in membranes,
the main substrate for 1ipid peroxidation. Lipid peroxides and free
radicals m;;zanSe cell damage and thus be important in deve]dbment of
large boweT:vcancer. Thus, understanding the relationship between

dietary polyunsaturated fats and production of fatty acid(peroxidation

‘products in membranes is important to better understand the etiology of

this disease.
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C. OUTLINE OF THESIS

. T
I. HYPOTHESIS J

&

It is hypothesized that mucosal cell composition in the rat large
intestine is influenced by diet. More specifically, it iszhypothesized

that:

'\
1. The lipid composition of "non-proliferative" and
"proliferative" mucosal cells in the large intestine

reflects, in part, the fatty acid composition of'the diet.

2. Lipid fract1ons of- the mucosa] cells from rats fed high
/kff (50% as energy) or low (15% as energy) fat diets with a high
P/S ratio (P:S=1f2) exhibit more: 1ipid peroxides than rats fed

comparable high or Tow fat diets with a Tow P/S ratio (P:$=0.3)

3. A high fat diet (50% as qﬁ;rgy) - either saturated or
unsaturated - increases lipid peroxide produétion comparea w{th
a low fat d1et (15% 2S energy) hav1ng the same P/S rat1o.
(either P:S=1.2 or P:S=0. 3. '
o
IT. STATEMENTS OF OBJECTIVES
‘The objective of the study was to investigate the effecfs of
;dhanges in the dietary fat 1éve1 'and' fatty acid composition on the
1ipfd'composi§ion and peroxidation of fhé mucosal cells in the rat
' ‘1argé intestine. - For this. purpose, two cell populations,

“non-proliferative} and "proliferative", were isolated. Lipids were
R C '
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‘ extractgd,_ and. phospholipid class ‘seﬁérated to determine the total
"c661e§¥;h01 and phospholipid cohteﬁt, as well as the percentage of each
phospholipid éTass and the phospholipid fatty acid composition.  Lipid
perox1de 1eve]s were measured and correlated with the fatty ac1d

unsaturat1on index of the cell phospholipids.
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A. INTRODUCTION

Dietary fat has been correlated with increased incidence of eome
forms of cancers including skin, breast, and colon cancers (1-11).
Colon cancer is the leading cause of death among all pat1ents with
ma11gnanc1es in the United States. Previous studies have shown tha*

dietary fat influences membrane structure and function (12-20).

_Othervstudies‘have also demonstrated that membranes with a high

unsaturation index are more sensitive to peroxidation compared. to

membranes with a lower unsaturation index (21,22). This susceptibi]ity
to peroxidétion is also influenced by ffee' radical . scavengers end
antioxidants - such as vitamih 'E and C, 'g]utathione; and enzymes
including superoxide dismutase, catalase, -and Se+f- and noane++—
dependent glutathione peroxidases (23-29). As vitamin E is a membrane
soluble antioxidant, interactions with cygpsolic antioxidehts occur
(25,30-35). Lipid peroxides are involved in the regulation of DNA
synthesis and cell division (36-38). Lipgd peroxides are also thought
to be involved in a'numper of diseases such as cancer and inflammation
of the Terge boweT. ] |

Several Studies of mucosal cell membranes from small and 1ar§e
1ntest1nes have been performed (20,39-54). However, effect of dietary

fat on co]onocyte ce]] membrane 1ipid composition and peroxidation has

not been reported. The obJect1ve of this study was first to determine

~ whether or not dietary fat ihf1uences colonocyte cell membrane 1ipid

and phospholipid fatty acid composition as observed in other tissues.

~Secondly, to determine whether or not dietary fat content. of

ungaturated fatty acids influences colonocyte cell 1jpfd peroxide



. i 1) -
Teveis. Colonocytes were fractionated into "non-proliferative" and
“proliferative" cell populations to determine differences in the 1lipid .

W
composition between these cell types. .

B.. MATERIAL AND METHODS

I.- ANIMALS AND DIETS
-]

Four wean11ng male Sprague-Dawley rats were ‘obtained week]y for an

eight week period from the Un1vers1ty of Alberta Laboratory Animal

Services. Animals were fed rat chow (Allied Mi]]s, Inc., Speciality

Feeds Department,‘Chicago, I]].).for 3 or 5 days and then fed
semi-purified diets (Table 2-1) for 25 days. Each week, four rats were
distributed into four groups and fed one of the four diets (total n=8

for each group). Diets and water were supplied ad libitum to rats

_houséd individually in a temperature (22°C) and Tight controlled room

providing 12 hour light and dark periods. Diets were freshly prepared

°

each week and animals fed on'a1ternate days. Food “and feed cups were

changed at feeding time to avoid possible 1ipid perox1de intake from

old food. The four semi-purified diets were: high fat or low fat with

high (P/S=1.2) or low (P/$=0.3) polyunsaturated to saturated fatty acid

ratios for each of the'hjgh and low fat diets (Table 2-2, figure 2-1).
High fat diets provided 50% as energy from fat, while low fat diets

provided  15% as energy from fat. - Mixtures of safflower oil,
hydrogenated beef £a1]ow and ‘1inseed 0i1 were used to provide the

dietary fat source. L1nseed 011 was 1nc1uded to provide the w-3 fatty

" acid source. Essent1a1 nutrient densities for non-fat components were .
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Table 2-1. Composition of Experimental Dicts.

Fat Level _ ~ High Low

~ P/S Ratio High Low .  High Low Density (g/1000 kcal)
) (g)
Fat mixture 267.9 266.7 65.3 64.9 55.9/55.6/16.7/16.7
High protein : .
Casein (vit. free) 292.2 292.7 237.4 237.4 61
Cor#istarch 81.5 81.6 406.9 406.9 17/17/104 5/104 5
Glucose : 225.1 225.5 182.9 1829 47
Non-nutritive
cellulose ’ 53.19 53.29 42.49 42.89 11.1/11.1/10.9/11.0
Vitamin mix? ‘ . ¢ .
(Vit. E free) 11.0 11.0 8.9 8.9 23!
Mineral mix? 55.3 55.4 44.9 449 11.55
Choline 43 4.3 35 35 0.9
Inositol 6.7 6.7 5.4 54 1.4
I.-methionine 2.8 2.8 2.3 2.3 0.6
Pl-a
-tocophery! acetate — 45.61 49.35 60.35 17.63
(1u) . ( (1U/1000 kcal)
Energy (kcal) : 479} 4799 3893 3893 :

'P/S, polyunsaturated to saL_raled fatty acid ratio

’Vnamm mix provxdcd the following per kilogram of vitamin mxxture vitamin A, 2,000,000
1U; vitamin D, 200,000 1U: ‘menadione, 0.5 g; choline, 200 g; p-aminobenzoic ac1d 10 g;

" inositol, 10 g; niacin, 4 g; d-calciumg, pantothenate, 4 g: riboflavin, 0.8 g; thiamin-HCI, 0.5 ¢g;
pyndoxmc HCI, 0.5 g; folic acid, 0.2 g; biotin, 0.04 g: and vitamin B,;, 3.0 g.
’Bernhart-Tomarelli mincral mix (Teklad Test Diets, Madison, WI) provided the following
per kilogram of mineral mixture~ CaCO,, 21.0 g: CaHPO,, 735 g; MgO, 25.0 g; K,;HPO,, 81.0
g: K.50,, 68.0 g; NaCl, 30.6 g; Na,HPQ,, 21 .4 g; cupric citrate, 0.46 g; ferric citrate (16.7%
Fe), 5.58 gi'manganese citrate (13.9% Mn), 8.35 g; KI, 0.0072 g; zinc citrate, 1.33 g; and

. citric acid, 2.2728 g.

similar for the four diets on a per calorie basis. Vitamin E levels of -

the four diets were equalized to the vitamin E content of the high fat,
| high polyunsaturé_ted to saturated fatty acid ratio, by addition of
d-alpha-tocopjery] acetate to give a final vitamin E density of 17.63 .
1U/1000 kca]v. for éach diet. Diets v-Jere preparéd vusi_ng essentially
vitamin-freg 'casein'-and a vit;imin mix free of vitamin E. This vitamin

\mjx has been prepared according to the composition.of AOAC vitamin mix



Table 2-2. Fatty Acid Composition of Fxperimental Diets.

o
Fatty Acid . (%, w/w) ' T
High Fat - Low Fat

/ High P/S! Low P/S - High P/S Low P/S

i
Cl4:0 - 2.0 35 1.9 3.7
Cl4:1 0.1 0.3 0.1 0.2
Cl5:0 T~ 0.3 0.5 0.3 0.5
Cl5:1 ] ol 0.2 0.1 0.2
. Cl16:0 : i 16.5 241 , 16.4 24.8
Cl6:1 03 .04 0.3 0.4
Cl17:0 0.9 1.7 0.9 1.7
Cl18:0. 22.0 41.2 22.4 411
Cl18:1(9) 8.2 4.7 - 8.3 4.7
Cl18:2(6) 473 20.6 44 .6 17.8
C18:3(6) 0.1 0.3, 0.1 0.2
Cl18:3(3) - 1.4 1.5 4.2 P
C20:0 0.3 0.5 0.1 0.5
C20:2(6) 0.2 0.2 0.1 0.1
C22:0 - 0.1 0.1 ND ND
C22:5(3) 0.1 0.2 0.1 0.]
C22:6(3) 0.1 ND* 0.1 /7 ND
zsats! 421 71.6 42.0 ( 723
.zmonounsats’ 8.7 5.6 8.8 , 5.5
zpolyunsats! 492 22.8 492 220
z(w-6)* 47.6 21.1 44 8 1715
Z(w-3)'2 1.6 1.7 4.4 4.4
p/S3 - a L 117£0.05 0.32%£0.01 1.1740.03 0312 0.0

'Abbreviations used are’; P/S = polge:sa(uralcd to saturated fatty acid ratio, zsats = lotal

saturated fatty acids,. zmorxo,;nsa( 5 total monounsaturated fatty acids, Ipolyunsals = 10t4l

'polyunsaturated fatty acxdg;e@ﬁ'%s " lotal (w-6) fatty acids, $(w-3) = (otal (w-3) fatty
acids. . :

'-,35

Densities (g/lOOO kcal) of '(w-3 acids arc similar for the four cxpcrmumal diets.

Y
P/S, polyunsaturated to saturated fall} acid ratio; values are means + SD of 11 freshily
prepared diets.

‘ND, not detected.
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Fighre 2-1. Fatty acid composition of diets ' '

Four diets, high fat (50% as energv) and low fé (154 as

energy) with 'high P/S (1.2) or low P/S (uL.3) ratio, were fed to

rats for 25 days.. Safflower 0il and hydr 7enated beef tallow

were used as fat soUrce?ulinseed 01l was added to provide
w-3 fatty acid. The diets with similar f ieveis differed in
the amounts of saturated (primarﬂy*cl and w-6 (primarily

~Cf8:2(6)).fatty acids.
g ’ '
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(Teklad Test Diets -Madison, WI). Animals were weighed at de11very and

at the beg1nn1ng of dietary treatment then weekly, and at the time of
killing. Rats were sacrificed by decapitation and their Jlarge
intestine removed for mucosal cell isolation. Blood was collected into
.non-heparinized glass test tubes, and protected from light for serum
. vitamin E_determinagion. Tubes were kept in‘the dark at room
temperature for 30 minutes before being centrifuged at 500 g for 15
iminutes at 10-15°C. The supernatants werdvcollected (serum)_anq stored

at -20°C (in the dark) untilused.

IT. CELL ISOLATION

The cell isolation prozedure used has been adapted from methods

descr1bed by Brasitus (55) and Weiser (49). The so]utions used were:

cold saTﬁne-so]utiqn; solution ‘A contaﬁning HC1 (1.5 mM), NaCl (96.0

HPO (5.6' m) ,

24
dithiothreitol (0.5 mM), pH 7.3; solution ’B cons1st1ng of Ca + and

. mM), sodium citrate (27.0 mM) , KH2P04 (8.0 mM), Na

Mg++ Free Hank's buffer containing triethanolamine-HC] (10.0 mM) and

dithiothreitol (0.5 mM), PH 7.3; and standard buffer conta%ning NaCl
, \ .
{139 mM),'NaZHPO4 (10 mM), pH 7.3.

L
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To eliminate gut bacteria1 contamination; solution-A and B as well-.

as cold sa11ne so]ut1on were supp]emented with Penicillin-G (k salt,
660 U/m1) anc streptomyc1n (1.6 mg/ml1). Solution B was also

supplemented with mycostatin (118.2 U/m1); phenylmethanesulphony]l

fluoride (PMSF 0.1 mM) was added to solution A and B Just before use

' ++ . -
as were antibiotics to solution A. Ca and Mg Free Hank's buffer

P .
~and antibiotics were only stable for one to two weeks, thereforei;x

so1ut1ons were freshly prepared each week, except for so]ut1on A whichg”rk'

13




was prepared as a stock solution for the whole experiment. All

solutions were kept at 4°C in the dark to avoid antibiotic degradation.

The 1§rge‘intg3tine was excised, feces delicately removed by means

-3

. S Yoo . :
. of cold salihe so]ﬁtibn and f]ushed 3 times with 40 ml of the same cold

saFine solution. This tube was then tied at its proximal end, filled

with .solution A and closed at its other end with~a hemostét." This

slightly distended sac was placed in a 250 ml flask containing 125 mil
of standard buffer solution (37°C), and incubated for 15 minutes at

37°C in a metabolic shaker waterbath (75 osc./min). The sac was then
emptied, the solutien discarded and rep]ac%f by so]htion‘ B
(pre-incubated at 37°C), and incubated; After each inchbation, the

solution was collected in a’15 ml Corex glass centrifuge tube and the

sac refi]]éd. Incubation times were 2 timeé 10 minutes followed by 10
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times 15 minutes. The tubes (total=12) were kept -on rice until

centrifuged at 2000 rpm (484 g) at 4°C for 10 ﬁinutes in a Beckman

\ \

model J2-21 céntrifugé. Supernatants were discarded and pellets

o

resuspended in 5 m] of standar@sduffer. At this stage, fractions 2 and
. s - T

3, 4 and 5, and 6 and 7, as well as fractions 9 and 10, and 11 and 12

. . ! a7 . .
were pooled to give fractions I, II, III, IV, and V, respectively.

These five tubes' were centrifuged at 2000 rpm<(484 g) at 4°C for 10
minuﬁes. Supernatants were discarded, pé]legﬁ'l to III rekuspended in

standard buffer, fé1tered'9n 100 microméﬁér'}ylon me sh filter-(Nitex)

and pooled (A); fractions IV and v QUEQérhent the same process (B).

Résuspendfng volume after fi1trati§ﬁ’ﬂés 12 ml for botk fractions (A)

" and (B). Tﬁgée two tubes'werqﬁééﬁtrifuged at 2000 rpm (484 g). at 4°C

-

. ' “‘ll‘ " . - B - )
for 10 minutes, supernatants~discarded and pellets resuspended in 1 mil

of standard buffer. Cell suspensions were homogenized by means of a
A \

B
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1/2" ]onQ #26 Gauge syringe needle. A similar process was conducted

for sample #8 to get the prbtein reJeased in this fraction. Alfquots
i

for protein determ1nat10n and 100 fﬂ for thymidine kinase act1v1ty

measurements were kept. The remafnder to be used for 11pid and 11p1d

peroxide analysis was frozen in liquid nitrogen before storage. All

tubes we - <ept at -709Cjunti} used. The whole cell isolation -

procedure - took 4 1/2‘ hours. Protein waS determined by a modified
method “of Lowry (56) using bovine serum aibuminﬁ(éSA) as a standarc.

3
1. H-THYMIDINE INCORPORATION

Preliminary exper1ments “were performed to determine fract1ons

¢

containing pro11ferat1ve ce11swus1ng 2—Me;3H-thymidine as. . a marker for

DNA synthesis. Rats weighing 300-305 g were injected intraperitoneally

b

100 pCi (55) of 2-Me—3H-thymidine 3 hours prfbr to sacr{fjce (49)."

Rats were killed by decapitation and cells isolated as previously

described. However,. fractions were filtered after ‘the firstl

. oy .
centrifugation, and transferred by 3 times 1.ml1 of standard buffer into

flint tubes (10mm x 75mm) efter the second centrifugaﬁion., The cell

fractions were not pooled. Flint tubes were'centrifuged at* 2000 rpm

(484 g) at 4°C for iO minutes, supernatants ‘discérded. and pellets

resuspended-at a volume of 500 ul with sténdard'buffer. Cell fractions

were homogenized with a 1/2" long #26 Gauge syringe needie and aliquots

were taken for protein determination. After addition of 2 m of cold

10% (w/v) TCA, containing 1 mg thymidine/4 ml, tubes were vortexed and

kept overnight in the fridge (4°C). Tubes were then centrifuged at
5000 rpm (3020 g) at 4?C for 15 minutes,Qahd supernatants discarded.

Pellets were dfssolved in 500 V] of Protosol, transferred by 3 times 2
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ml ‘of toluene base scintillation cocktail :(100mg POPOP, 54 PPO .per

Titree of toluene) into 7 ml counting vials, and counted for
T, s .

3H-tﬁymidine incorporation. Counting was performed in a Beckman LS

5801 liquid‘sﬁinti11ation system with an efficiency of 45%. Results

were expressed as dpm/mg protein.

Iv. THYMIDINE KINASE ASSAY

To differentiate "proliferative" from "non-proliferative" cells

duF?ng the main experiment, thymidine kinase activity has been

measured:éccording to the method of Salser and Ballis (57). Reactions

-were carried out at-37°C in capped flint -tubes (10mm x 75mm) in a.

watgrbaih. The reaction mixture containind 90-110 pg of homogenate
‘progéiﬁ (100 rJ volume; adjusted if - necessary by using cell
h reguspending  standard buffer, pH 7.3), 12 ;Amol Tris-HCI (pH 8.0),
- 1.8 pmol MgCl,, 1.8 rho] ATP, 1.5 pmol 3-phosphoglyceric acid, and 0.6
rmol NaF was pre-incubated for 10 minutes at 37°C.‘vReactions.were
initiated by addition of 50 K1 of deoxythymidine-2-14C (9 nmoles;
500,000 dpm), bringing the total volume to 250 pl, and incubated for 45

minutes.. Reactions were stopped by immersing the tubes into boiling

water for 3 minutes and then cooled in an ice bath until centri fuged

(3020 g) at 10°C for 15 minutes. Aliquots (50 1) were applied onto

DEAE-cellulose filters (Whatman No.. DE-81; 2cm diam.)' and filters

washed according to the method described by Bresnick and Karjala (58).

The filters were qu1ck1y immersed in a beaker conta1n1ng 30 m1 of 0.001

M ammon1um formate for 10 m1nutes The discs were then washed in

distilled Hy0 and placed in a new beaker containing 30 ml of 0.001 M

ammonium formate forllo minutes. The discs were again washed with

44



distilled water, placed in distilled water fdr 5 minutes and finally

immersed in 95% (v/v)'ethano1 before being dried at 80°C and placed in

counting vials conta1n1ng 3&m1 of a to1uene based cocktail (5g PPO,

100mg POPOP per liter OW taluene) This procedure removes the

precursor deoxythym1d1ne-2-14c WQgée retaining  deoxythymidine-

vmonophosphate—ldc; founting was pérformed in a Beckman LS 5801 1iquid

. scintillation éystem with an efficiency of 97%.

o

V. LIPID EXTRACTION

Cell lipids were extracted using a modified Folch procedure (59).
Extractions were carried out in bdrosi]icate glass test tubes (16mm x
125mm) and each of ‘the solvents contained the antioxidant ethoxyduin (1

#9/1).  Methanol (0.8 ml) was added to 650-800 Pl of cell homogenate

and the tubes vortexed for 20 seconds, 2 ml of chloroform-methanol

(1:1, v/v) were then added, the tubes vortexed 20 seconds and 2.5 m

45

of chloroform-methanol (2:1, v/v) added before vortexing again for 20 -

second-. Finally, 0.1 M KC) was added to make a 20% (v/v) aqueous

so]ut1on and the tubes kept at, g°€ for 1 hour. The lower phase was
Ri’]:{'

collected . with a Pasteur p1pette and ‘transferred “into a clean

borosilicate glass test tube (13mm x 100mm). Lipids were re-extracted

with 2.5 ml of chloroform, tubes vortexed for 20 seconds kept at 4°C

for 30 minutes and the Tower phase collected and added ‘to the first

extract. Chloroform was rémoved at 40°C under vacuum (Model RH 12-29

Speed Vac Concentrator Centrifuge; Savant Instruments Inc., Ont ) for 3

hours, the 11p1ds resuspended in hexane, then transferred to 1.8 m]

vials with teflon lined caps and stored at -70°C until used for lipid

analysis.



VI. SEPARATION OF LIPIDS N
Phospholipids were separated using the method ‘of Fouchstone et

. (60). Silica gel H plates (Analtech Silica Gel &; 20gmix 20cm, 250
o . b
microns; Analtech Inc., Newark, DE 1971) were activated at 110°C for 1

hour. Plates were then gpotted with 50 Fl of 1ipid extract and

developed for 90 minutes in a tank containing 166 m1 of chloroform:

methanol: 2-propanol: 0.25% (w/v) KC1: triethylamine (30:9:25:6:18, by .

- vol). Plates were air dried , sprayed with 0.03% 2,7-dich]oro-
fluoroscein in 0.01 N NaOH and phospholipids visualized under U.V.

light. The spots were scraped into methylation tubes for fatty acid

analysis.

VII. FATTY ACID ANALYSIS

Fatty acids were méthy]ated using the boron-trifluoride (BF3)
technique of Metta]fe and Schmidtz (61). Distilled hexane (1 mt) and 1

ml of BF3-methano1 (14%, w/w) reagent were added to methylation thbes
containing’ the phoépho]ipids. The tubes were tightly capped and heated

—

in a sand bath set at 100-110°C for 1 hour. Tubes containing the
sphingomyelin were heated for .90 minuteé. After the samples cooled
(5 minutes), 1 ml of distilled H20 was added, the tubes were vortexed
for 30 seconds and left to stand for 20 minutes at room temperature.
The hexane - Tayer was transferred into 1.8 ml vials and fatty acid
‘methyl esters re-extracted with 1 ml of distilled hexgne. The second

-

extracts were also added to the 1.8 ml vials. Metﬁy]-esters Qeke dried

at 40°C under vacuum (Model'RH 12-29 Speed Vac Concentrator Centrifuge;

Savant Instruments Inc, Ont ) then the v1als were flushed with N2,

capped with teflon lined caps and stored at 70 c unt11 analysis by
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capillary gas liquid chromatography. _ -

Fatty acid methyl-esters were - aflalyzed accofdinp to a method

described by Hargreaves and Clandinin (62). Fatty acid methyl-ester
. ) .

,/ '
“geparation was performed by automated gas-liquid chromotography (Vista
/ : ’

6000 GLC and Vista 654 data system; Varian Instruments, Georgetown,

Ontario, Canada) using a fused silica BP20 capillary column (25m x

. . (3
0.25mm i.d.; Varian, Georgetown, Ontario, Canada). Helium was usdd as
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the carrier gas at a flow rate of 1.8 ml/min using a'splitlessf

injection mode. Injector and detector temperatures were maintained at

250°C. The initial oven temperature of 90°C was increased to 172°C at

20C deg/min and held for 13.2 minutes, then increased again to 220°C at
3.5C deg/min for a totalyanalysis of 45 min. Authgﬁ%&g.standard

mixtures of fatty acid\methy1 esters were injected to identify fatty

acid methyl ester peaks.

CVIII. TOTAL CHOLESTEROL ANALYSI§

Total cholesterol was determined according to the methods Qf
Siedel et al. (63), Stahler et al. (64), and Trinder (65), using an
o ymatic kit (Cholesterd] C-system kit, Boehfinger- Mannheim gmbH
Tnostica). An~a11quot'of 50 p1 of 1ipid sample (5-10.yg
cholesterol) was transferred into a borosilicatd glass test tube (13mﬁ
x 100mm) and dried under nitrogen. To the residue, resuspended in 50
M1 of iso—propano1; were .added 950 ,ﬂ of cholesterol C-system reagent

(Tris buffer: 100 mmol/1 pH 7.7; magnesium aspartate: 50 mmol/1; 4

aminophenazone: 1 mmo1/1; sodium cholate: 10 mmol/1; phenol: 6 mmol/1;

3'4-dich{or0pheno1: 4 mmol/1; hydroxypolyethoxy-n-alkanes: 0.3%; ,

chblesterol esterase > 0.4 U/ml; cholesterol oxidase > 0.25 U/ml;
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perdxidase > 0.2 U/ml). The react1on mixture was vortexed, incubated'(
20- minutes at room’ temperature " and samai@&absorbance read .at 500 nm A\

aga1nst a reagentwb1ank. Cho]estero] concegifat1on§wue'-

using a calibration curve (0O- 40 fg cho]estero]) and resu1 s

as Mg total cholesterol per mg of proté]n. gy

IX. TOTAL AND RELATIVE PERCENTAGE OF PHOSPHOLIPIDS

a) Total Phospholipids B

Total phospho]ipids‘were determined using a modified method
’ . @

- described by Raheja et al. (66). To 50 P1 of lipid sample, dried down-

under N2 in borosilicate glass test-tubes (13mm x 100mm), were added

0.4 ml of ch]oroform and 0.1 ml of chromogenic so]ut;on The tubes
were placed in a sand bath at 100°C for 1 minute and cooled to room
‘temperature. Ch]oroform (1 ml) was added to each tube and absorbance
at #10 nm was determined using a Bausch and Lomb Spectronic 21
“spectrophotometer. The blank contained everything except lipids and
concentrations were calculated using sphingomyelin as a.standard.. The
chromogenic reagént was prepared as follows: 4 g of ammoniﬁm molybdate
were disso]véd in'30 ml of disti11ed_H20 to give solution I. To 10 h1
of concentrated HC1 were addéd 2.5 ml of mercury and 20 ml of so]utioh_'
I to give so]ution II. To the remainder of solution I were carefully
added 50 m1 of HZSO4 as well as solution II to give the chromogenic

0
stock solution. Finally, 5 ml of chromogenic stock solution, 9 ml of

methanol, 1 ml of chioroform and & ml of distilled H,0 were mixed to

give the workﬁng chromogenic solution. ¢

b) Relative Percentage of Phospholipids
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The re1ativelpercentage of total phospholipids were determined’

4

using a densitometry method described by Gassbaro (67). .Samples (9.9

or‘13.2 }d' derived from 100-180 pg of cell profein) were spotted on
high‘performance thin layer chromotography plates (Nhatﬁan,.HP-K high
'performahce si1fca gel p]ates; 10cm x 10cm). The Blates were allowed
to deveJop'for approximatiy§40 minutes (up to 1 cm of the top of the
plate) 1in small development tanks containing 42 ml of chloroform:

methanol: 2-propanol: triethylamine: 0.25% (w/v) KC1 (15:4.5:12.5:

6.5:3.5, by vol). The plates were air dried and stained carefully by

immersing them 1in Touchstone-solution, blotted with #1 Whatman filter

paper and charred at 200°C for 10-15 m1nutes (phospho]1p1ds are brown
bands on white background) before scann1ng tﬁ@m on a Beckman Appra1se
densitometer. The Touchstone- cupric acetate stain was prepared as
follows: 3 g of cupriclacetate.were dissolved in 8 ml of 85%
phosphoric acid and 50 m! of deionized H,0; ence dissolved, the volume
was brought to 100 m)l witH deionized H20. This stain is very stable

and can be prepared in bulk to be stored at room temperature.

X. LIPID PEROXIDE DETERMINATION

L1p1d peroxides were determined using the new assay kit

Determ1ner LPO" (Kyowa medics Co., “Fokyopy Japan)  with some

mod1f1cat1ons to increase test sensitivity. Tests were performed in

borosilicate glass test tubes (13mm x 100mm). To 100 r] of lipid

extract (1.0-1.5 mg protein equivalent) in methanol were added 150 rﬂ
| of the first reagent (30 U/ml of ascorbic oxidase, Good buffer - 100 mM

MOPS = 3-[N-morpho]1no]propanesu1fonic acid pH 5.8, stabilizer); tubes

ere vortexed and incubated 5 minutes at 30°C in a shaking water bath
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before adding 300 fﬂ of the second reagent (52.7 M of MCDP =

10N-methi]—carbamoy1—3,7-dimethy1amine—lOH-phenothia:1ne, Good buffer -
100 mM MOPS pH 5.8, 68 mg/1 of hemoglobin, surface active. reagent,

chelating agent and stabilizer), vortexing and incubating for 10 more

minutes. Absorbance was determined at 675 nm in a Perkin-Elmer model

Lambda 3b spectrophotometer. Sample concentrations were calculated

using a standard curve in the range of 0-1.0 nmole of cumen

Al

hydroperoxide. Blank absorbance changing with time, all sample

(4
absorbancies were determined against water. The test was performed in

a dark room with red light; lipid peroxide determination was performed

“on batches of one blank and five samples starting the reaction in each,

tube at 1 minute intervals. -

XI. VITAMIN E DETERMINATION

a) Diet S « -

0i1 samples for vitamin E determination have been prepared using a

' method described by Carpenter, Jr. (68). Safflower oil (5 g)
anra 1 g o >fflower oil supplemented with,d—a1pha—totophery1 acetate
wer2 dissolve 'n 100 ml volumetric flasks with distilled hexane and
brought <o volu--. r00)41,of'these solutions were injected onto the

HPLC column.

»

N

b) Serum l
Seru  .amples were prepared using a slight modification of the
sim «d clarification method described by Nierenberg and Lester

o9}, To 500 jal of thawed serum transferred to 1,5 ml §o1ypropy1eﬁe

50

microcentrifuge tubes. were added 50 ,XI ofvd-a1pha5tocophery1 acetaté

4

.
«



IOO)Ag/ml) in ethanol and 50)*1 0f~0.125% (w/v) BHT in ethanol to give
the 1nterna1 standard and initiate prote1n prec1p1tat1on " After
vortexing for 15 seconds, 300 rd of 0. 025% (w/v) of butylated
hydro"foluene (BHT) in buténo1 -ethyl acetate (1:1, v/v) were added and
tut :exed for 60 seconds. An aqueous solution (150 pJ) of KoHPO4
(1 g/, ) was added before vortex1ng‘for 30 seconds and centr1fug1ng in
a MSE microcentrifuge at 13:000 rpm for 1 minute at 4°C. The organic
upper layer (ZSO.FJ) was transferred by automatic pipette into a

borosilicate glass test tube (10mm x 75mm), and dried in 5 to 10

‘minutes at 75°C under No. No loss occurred during this process as

checked w1th av standard mixture of d]—a]pha-tocophero] and

F

d—a]pha-tocophery1 acetate. The residue was resuspended in 250 rJ of

distilled hexane transferred to a 0.4 m po]ypropy]ene m1crocentr1fuge

" tube and centrifuged at 13,000 rpm for 1 minute at 4°C. The clarified.

d1st111ed hexane (100 f] wassinjected onto the HPLC column.

Tocophero1SéWere analyzed using a, method described by Buttris-and

Diplock™ (70). D1-alpha- tocopperbf and d-alpha-tocopheryl acetate

determ1nat1on was performed by’ HPLC chromatography (5500 LC and Vista

402 data system; Var15n Instruments, Georgetown 0ntar1o, Canada),

using a M1cropack Si- 5 column (4.5mm i. d X 15cm 1ength) Absorbance

‘was determ1n%§ using an u]trav1o]et absorpt1on detector set at 294 nm.

The mobile phase was 8% (v/v) HPLC grade methyl t-butyl ether in

distilled hexane at a flow rate of 2 m1/m1nute. Solvents were filtered

,,;4

and dpﬁassed by No prior use. The system was standard1zed by 1nject10n

of §3300‘p1 mixture conta1n1ng 50 rg/m] of dl- a]pha- tocophero] (Sigma
Chemical Co., St.Louis, MO, USA) and d-alpha- tocopheryl acetate

(Veris, La Grange, IT1., USA) in hexane after being cheéked for
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linearity in the fange of 5—100}Ag/m1. (See appendix 2). R

-

XIT. STATISTICAL ANALYSIS
Before ana]yzing for effect of diet treatment and differences

between cell populations, effect of day-:was examined by two way

analysis of variance considering the 16 days of experimentation as 16

’

. blocks. If no b]dék effect was-observed, the effect of diet treatment

and differe -es between "non-pro]iferative" and "proliferative" cell

“fractions were examined by Least Square ANOVA The .program was

conce1ved for unbalanced data; however, the mean va]ues reported in

th1s thes1s are the observed ones, and not the corrected ones. Effect

of diet treatment én; tota] pretein re]eased serum 'vitamfn' E

concentrations, and 11p1d perox1de Qeve1s were examined by two way

analysis of variance procedurés after analysis for block effect.

3 .
H- thym1d1ne 1ncorporat1on : 1nto “DNA of "non- pro11ferat1ve and

"proliferative" cells wag ana]yzed by a Student's t-test (71)

‘ﬂ
4‘3 i / F

S, &

Ui ——

- . _ef_'a m;;‘E. RESULTS ',
o 5 | |

I. EFFECT OF DIET TREATMENT ON BODY WEIGHT

The mean body we1ghts of animals between groups prior to or after

diet treatments were not s1gn1f1cant1y d1fferent’ Due to the

d1ff1cu1ty of obtaining rats at a g1ven we1ght every week » there was a’

significant difference (p<0.002) in mean bcdyﬁwe1ght from dﬁe delivered’

batch to’ another at initiation of treatments . - The overa]].nean body

weights (meantSD) were 77.6 + 4.5 g (n=29) and 252.7 =+ 20.8. (n=29) at

52
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initiation of treatments and at the time of sacrifice, respectively.

No siggificant difference in weight gain was observed during the period

of diet treatments when considering the effects bf week and day of

experiments, fat tlevel or polyunsaturated to saturated fatty acid

B,
ratio.

- II. EFFECT OF DIET TREATMENT ON MUCOSAL CELL ISOLATION AND THYMIDINE
KINASE ACTIVITY N '

53

Prior to inittgtion of experimental procedure, rats fed rat chow

were injected with §H¥thymid1ne»to localize “proliferative" cell versus

“non-proliferative" cell fractions. As a first step, a few experiments

were performed without pooling the cpllected fractions fdata not
. . oy .

shown). From these preliminary experiments, fractions #2-7 and #9-12

were pooled and .considered as "non-proiiferative" and "proliferative”
cell fractions respective]y.b Two more experiménts were performed
showing a 3H—thymidine count of 3050 + 107 dpm/md protein (meantSD) and

7550 + 257 dpm/mg protein for ”non—pro]iferative and "pro]iférative“

cell fractions, respectively (Table .2-3). These values _weré

siénificantly different (p<0.002) as determined by Student's t-test.

3

a) Cell Isolation

Cell recovery, when expressing the results a; mg of protein, was
not affected by day of experimentation.. biet fatty acid composition,
but not diet.fati1eve1, had a high]yxﬁignificant.effect (p<0.005) on
cell isolation (Table 2-4). L . | <i‘

The mean percentage of protein, whatever the diet treatment,

distributed between "non-proliferative" gnd  “proliferative" cell



.

Table 2:3. *H-thymidine incorporation into DNA of mucosal cel‘ls from the rat iarge
intestine. :

T, ‘ : ‘ Total pr_’&ein o Protein
Cell Fractign dpm/mg protein ] (ug) -~ (%, w/w)
Non-proliferative’ 3050 + 107 5740 + % 1230 51.1 + 3.0¢
Proliferative’ . 7550 *+ 257 539‘0 £ 523 ‘ 489 + 3.0

Fractions #2-12 S oo 1750 100.0°

Student's t-test; Difference of *H-thymidine inc}orporauon between "non-proliferative” and
"proliferative” cell fractions was significant at p<0.002. ' ~

‘Rgprescnis pooled fractions #2-7.° ' A M .

~ Represents pooled fractions #9-12.

v\-l
*Values are means * SD.

*Tolal and percentage of protein calculated from fractions #2-8.

-

Table 2-4.  Effect of diet treatment on mucosal cell released from the rat large intestine

(total ug of protein'). . S
. \ .
Fat Level High Loy Effect of Treatment’
* Fat P/S
P/S Ratio® - High Low High Low Level Ratio ' Int
4780 88%0 “ 6120 8050 NS 0.005 NS

+1440 +2660 +1220 +3270

(n=7) (n=6) (n=5) (»n‘=6)

¥

1Sum of protein (mg) from non- prohfcratwe cells (pooled fracuons #2- 7) "proliferative”
cells (pooled fracuons #9-12) and fraction #8.

*P/S Ratio, polyunsatuyrated to saturated fatty acid ratio.

'Significant effects (p<) by two- way analysis of variance procedures are indicated. Int,
interaction between effects of fat level and polyunsalurated to saturated fatty acid ratio; NS,

not significantly different. ,
]
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‘ ' _ f”& o
fractions was 34.26%2 and. 65. 74%, respectively. . Fat 1eve1 fand

‘7

po]yunsaturated to saturated fatty acid ratio in the diet had no eﬁfert

o

~on percent of protein released when cons1der1ng both fract#ﬂns

independently (Table 2-5).

b) Thymidine Kinase Activity = - |

B!

Linearity between time and product formed has been observed up to.

45 minutes (data not shown). No effect of experimental day or d%gt

treatment on thy@§d1ne kinase act1v1ty was observed. Enzymé specific

activity was 41.1% higher (p<0.05) in the pro11ferat1ve“ cell fraction
o ,

compared to the "non-proliferative" cell pqulation,(Tabie 2-6). A

significant interaction (p<0.05) between effects of c&l1 fraction and

s

polyunsaturated to saturated fatty acid ratio was observed.

o
O

~IIT. EFFECT OF DIET TREATMENT ON LIPID COMPOSITION OF MUCOSAL CELLS

Exper1menta] day, amount of fatgmor polyunsaturated to saturated
- fatty ac1d diet ratio did not -affect mucosal cell total cholesterol
-content, (nmo]/mg protein). The "non-proﬁiferativeﬁ cell population
exhibited va 12% higher total cholesterol Tlevel compared to the
'"pro1iferative" cell fraction (p<0.05; Table 2-7).

Day of experiment, fat level po]yunsaturated to saturated fatty
acid ratio in the diet, or ce11 fractlon tested did not significantly
affect the total phospho11p1d content of mucosal cells in the large-
intestine (Table 2-7). There was, however, a significant interaction
(p<0.05) between the effect of po]yunsaturated to saturated fatty acid
diet ratio and cell fraction isolated.

Cholestgrol to phospholipid ratio (nmol/nmol) was not affected by
-y . / ‘v - .

@
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day of cell isolation or fat level. | Cell’ - fractions,
“non-proliferative" and "broli%erative", exhibited similar ratios of-
cholesterol to phbspho]ipid. Groups fed diets providing a’highA.
polyunsaturated to saturated fatty acid ratio (P/S=1.2) showed a 32.5%
increase (p<0.05) in cholesterol fo*“phospholipid ratio compared. to’&:?
groups fed dieté containing a low polyunsaturated fd saturated fattyl
acid ratio (P/S=0.3); (Table 2-7). |

, ~ Main phospholipid classes observed were phosphatidy1éthanolaminen
and phosphatidylcholine representing greater than 50% and 22% of fota]
mucosal cell phospholipid, respecti&e]y (Table 2—8); Minpr

phospholipids consisted of phosphatidylinositol, phosphatidic acid plus 5

phosphatidylserine, and P ngoﬁyelin representing more than 6%, 5%,

o

and 5% of total mucosal " phospﬁolipid,‘ respectively. = Mucosal

"proliferative" cells exhibited a 44.9% greater content of

H

sphingomyeiinv_(p<0205) compared to- the “non-pro]iferative“ cell

population.  Interactions between the effect of fat level and .cell

3

fraction (p<0,05), and between the effect. of diet fatty acid o

composition and ceéll fraction (p<0.005) on sphingomyelin content were

N

observed. Phosphatidylcholine content of total phospholipids in the

"proliferative" cell fraétion was 20.8% lower (p<0.05) compaféd to the

9

"non-proliferative" cell population. Interactions between the effect

of diet fatty acid composition and cell fraction (p<0.05) for

- phosphatidylcholine, and between the effect of fat level and_dief fatty '
acid composition (p<0.01) for phosphatidylinoSito]'were observed. t1~’fﬂb‘\\\\
Phospholipid cohtent, éxpressed as mg per mg of profein,.shoWed

significant  differences * (p<0.05) between cell .fractions for

phosphatidylcholine and phophatidy}inosito] (Table 2-9). Mucosal cell”
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IV. EFFECT OF DIET TREATMENT ON PHOSPHOLIPID FATTY ACID COMPOSITION OF
MUCOSAL CELLS

a) Phosphatidylethanolamine

Major fatty ai;ds in® phosphatidy]ethano]amine were C20:4(6)‘
Ci5:05 c1’8,1(9), and'C18‘2(6') representing 32.8%, 18.9%, 13.3%, and
»9 1% respectively, and thus acc0unté? for more than 70% of the total
fatty acid content (Tab]e 2-10). Groups fed high fat diets increased
(p<0.005) phbsphat1dy1ethano1am1ne C18 2(6)’ total po]yunsaturated, and
w-6 fatty acid content- as well as the unsaturation indgk (p<0.01), and
decreased (p<0.65) the content of Cl6:l’ C18:i(9)’ C18:1(5+7)’ total
monounsaturated fatty-acids and total w-3 fatty acid series compared to
groups fed low fat diets. The phosphatidylethanolamine of rats fed
diets with a low pg]yunsaturated fatty acid coqtent exhibited a
Asignificant]y (p<0.005)‘higher level of C18:1(9)’ C18:1(5+7)’ and total
monounsaturated fatty acids compared to rats fed diets high 1in
’po]yunsatufated fatty acid éOntent. On the other hand, amounts of
t18:2(6)’ total polyunsaturated fatty acids, total w-6 fatty acids, and
the unsaturation index were significantly Tower (p<0.01) in rats fed
diets providing the Tow polyunsaturated to saturated fgtty acid ratio
-compared to rats fed diets pfovid{ng the high polyunsaturated fatty
acid to saturated ratio. The fo]]oWing fatty acids, C20:4}6)' C16;1’

C16:0 and C18:O’ as well as the total  saturated fatty acid content of

R}
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phosphatidy]ethano]aﬁiné were not sénsitive to the fatty }cid
composition of the diet.

Cell fractions, "non-proliferative" and "proiiferative", also
exhigited differences in the fatty acid profile. The "proliferative"
cells exhibited a lower (p<0.005) phosphatidylethanolamine fatty acid

content of total monounsaturated fatty acid, C16:0 and C18:0 compared

to the "non-proliferative" cells. Increased levels (p<0.05) of total

monounsaturated f tty acids, Cyq. , and polyunsaturated fatty acids,
g 18:1(9)

w~-6 serijes and C20'4(6) as well as an increased unsaturation {ndex

(p<0.005) in phosphatidylethanolamine of the “'proliferative" cell

population compared to the "non-proliferative" cell population were

observed. Finally, no significant differencé between .cell fractions

for C18:1(5+7)’ C18:2(6) and the sum of w-3 fatty acids was observed.

Some interactions occUrred, main]y'between the ‘effect of dietary fat
Tevel and dfetary fatty acid composition (Tabte 2-10).

‘

b) Phosphatidylcholine _ .

Diets altered méjor fatty acyl constituents of phosphatidylcholine

U T
-

in both "non-proliferativé" and "proiifefative" cell fractions (Table

c

2-11). A significant decrease (p<0.005) in C and

16:1" *18:1(9)’
C18:1(5+7) accounted for the lower total monounsaturated fatty acyl
content of phosphatidylcholine in the groups fed hfbh fat diets
compared to the groups fed low fat diets. On the other hand, higher

levels (p<0 005) of Cig: .2(6) Cop. .4(6)» and the sum of polyunsaturated
fatty ac1ds occurred in animals fed the high fat diets. While the

total w-6 fatty acid content of phosphatidylcholine increased (p<0.005)

in rats fed the high fat. diets, neither the total polyunsaturated w-3,

64
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nor the total saturated fatty acid content was significantly altered.
C16:O increased (p<0.05) and C18°O decreased (p<0.005) in anima]s fed
Tow fat diets. The unsaturation 1ndex decreased (p<0.005) for an1ma1s

fed diets low in fat.

-

/—
//
Diet fatty acid composition also in%*uenced*bhdSphatidy]cho1ine
fatty acyl chains with trends simiTar toLthose observed by dietahy fat

Tevel (Table 2-11). The fatty acids ¢ C

16:1° “18:1(9)> C1g:1(5+7) 2S
well as the sum of monounsaturated fatty actds were significantly lower

(p<0.005) for rats fed diets hav1ng a hig

content. Increased levels (p<0.005) of &

acids and total polyunsaturated w-6, incld and C

: 20:4(6)
but not w-3\@eri€s, we&i;;:served in groups fed diets -of hi gh

.

po]yuns@turated to satunat fatty acid ratio. C16 0 and total

‘polyunsaturated fatty acids were not significantly d1fferent between
groups fed diets varying in° fatty acid compos1t1on; however,
phosphatidy1ch011ne Clgzd.content was lower (16.0%, p<0.005) in animels
fed diets with Tow polyunsaturated to "safurated fatty acid ratio.

Yariations observed in these fatty ecids led to significant alteration

- 0f the unsaturatitn index with a 13.5% decrease in mucosal cell

phosphatidy]cho]ine’for rats fed the low fat diets compared to rats fed

high fat diets.

Phosphatidy]cho]ine fatty acid-composition‘varies between cell

populations (Tab]e 2-11). The fatty acid content of Ci6:0° Ci6:1° and
Cig. 1(5+7) Were h1gher by 11.1% (p<0. 005), 64.2% (p<0.005) and 16.2%

(p<0.01) in the phosphatidylcholine of the “proliferative” cells

commpared to the “non-proliferative" cells, resgective]y. The

>

po]ydnsaturatedffatty acid level of c18:2(6) and 620:4(6) was lower b3b



»

5
v
\

\

5.5% (p<0.05) and 9. l%‘(p<0 005) in the ”pro]iferatfve" cells. CiB 0
and CJ 9) content was not significantly d1fferent between both cell

fractions. Higher total saturatcd (p<0.05) and.total monounsaturated

(p<0.01) fatty acids, and lower total po]&uhsaturated (p<0.05) and

total w-6- (p<0 01) fatty acids in the "proliferative" -cell population

-

[N

compared to the. ; "non- prol1ferat1ve cells were observed. No

significant difference in phosphatidylcholine total polyunsaturated w-3

fatty acids between cell fractions occurredf The unsaturation index

wis higher by ~ 6.8% in v"pro1iferative"¢ ‘tel1¢  compared to

"non-proliferative" cells. o .

c) Phosphatidylinositol

Dietary treathentJaJtered the fatty acid composition of

phosphatidylinositol (Table 2{i2).’ High fat diet fed groups compared
to 1ow fat diet fed groups exhibitéd_a~decreased contentq(p<0.05)‘of

c and T accounting for the- decrease of

16: 1(5+7)’ 18-1(9)’ 18:1(5+7)°
total monounsaturated fatty acid’ ggyel Oh the‘other hand the

-

phosphat1dy]1nos1tol content of C18 :2(6)° total po]yunsaturated and sum

-of w-6 fatty aC1ds as well as the tota] saturated fatty acids were

J .
increased (p<0:05) in rats fed h1gh fat diets. Surprisingly, 020 -4(6)

"1eve1 was decreased in groups, fed high. fat diets compared to groups fed

Tow fat d1ets. . Neither C,c.4, C18:0,)the sum of w-3 serneg,,nor the

unsaturation index were affected by dietany~fat'1evel.
" LA

S1m11ar effects of d1etary po]yunsaturated to saturated fatty ac1d\

—rat1o on phosphat1dy11nos1to] fatty “acid composition were ‘observed

‘(Table.-2-12); Feeding rats high fat diets increased (p<0.05) the

67

content of Ci8:07 618:2(6)’ total po]yunsaturajpu:and_Sum ofbw-ﬁofatty

¢
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acids, while decreasing (p<0.05) the level of 018 1(9), Ci8:1(5+7)’ and

total polyunsaturated fatty acids. ‘The unsaturation index was higher

(p<0.05) in &nimals fed diets a high polyunsaturated to saturated fatty

acid ratio compared to animals fed diets with a low po]yun%aturated to

saturated fatty acid ratio. Varying the fatty acid composition of the

. diets did not_aften the Jevels of either C}G:O’ Ci6:1(5+7)> C20:4(6)°

“total saturated fatty acids, or the sum of w-3 fatty acid series.

¢

' . ©
Cell fractions, “non-proliferative" and "proliferatve", exhibited

differences 'in the phosphatidylinositol fatty acid profile (Table

2-12).  Higher content (p<0.005) of Cjg.p and total saturated fatty

acid, and lower content (p<0.01) of C18-O’ Ci8:1(9) and C as

20:4(6)°

well as toté],po1yunsaturated and -sum of w-6 fatty acids were observed

in .« the "non-proliferative" cell population -compared to the

"proliferative” cells. ®The level of w-3 fatty acids was not different

between cell  populations, while the unsaturation index was

significantly higher (p<0.005) in the “proliferative" cells.

2
.

d) Phosphatidyﬂserine ) R

As for nger phospho11p1ds phosphatidy]seriné fatty acid

-, compos1t10n nas modu]ated by dietary fat treatment (Tab]e 2- 13).

Groups fed 1ow fat d1ets exh1b1ted Tower Tevels.(p<0.005) of C18 :2(6)

and the sum of the w-6 series account1ng for the 1ower content

L4

_showed -a lower content of C18 O (p<0. 005) compared to groups “fed high-

#fat d1ets. Higher content (p<0.005)- of C16:1(5+7)> fClgzl(g),

. L :.\ . .
C18:1(5+7)’ and total monounsaturated fatty acid in phosphat1dy1ser1ne

<t

-of animals fed low fat diets were observed. Fat Jevel did not affect

.69

, (p<0 005) of total. po]yunsaturated fatty acid. ‘ These" same -groups also~»

.
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v the w-3‘$§f}yvaéid-series, and the unsaturation index was.significant1&
higher (p<0.05) in phosphatidylserine of the high fat diet fed groups.
The fatty acid composition of the diets also a1teredvthe fatty
acid composition of phosphatidylserine (Table 2-13). A decrease
(p<0. 065) in Cig. l(g)Aand C18:1¢7+5) fatty acid content occurred in
animals fed diets with a high polyunsa-urated to saturated fatty acid
ratio, accounting .for .the lower. level (p<0.005) of total

monounsaturated fatty acids. .The content of C18-2(6)’ total saturated

: énd polyunsaturated fatty acids, as well as the sum of w-3 series were

s1gn1f1cant1y higher (p<0.05) in groups ‘having '@ high_polyunsaturated

k

fatty Sc1d 1ntake compared to groups having a Tow polyunsaturated fatty

acid intake. Finally, the fatty acid composition of the diet did not
affect either Ci6.0> C16:1(5+7)> C18:00 Co0:4(6)> the sum of w-6 fatty
acid series,lqr the unsaturation index of phosphatidylserine.

The cell populations exhibited differences in the fatty acyl chain

composition’ of phosphatidylserine (Tab1e 2-13). While the 1evé]s of
C16 0 and total saturated fatty  acids were h1ghgr (p<0. 005) 1n the

non pro11ferat1ve cell popu]atlon compared to the pro11ferat1ve
. o

cells, 1eve1s of C18-0’ C18>1(9)’ C18'1(5¥7)f and total monounsaturated.

=fatty acids were lower (p<0. 005) ‘in the "non- proliferative" cells. The

unsaturat1on index of phosphat1dy1ser1ne ‘was s1gn1f1cant1y h1gher

f(b<0:05) in-the "pro]1ferat1ve ce]] fract: on. The fatty acids

Ie
)

} 16 1(5+7)!_ 18 2(6)° C20 4(6)’ and the sum of Ww-6 and w-3 fi}ty ac1d

ser1es d1d not show 1eve1 ﬁ1fferences between ce]] popu]at1ons.

-

’Q i
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V. EFFECT OF DIET TREATMENT ON SERUM VITAMIN E LEVELS AND ON
LIPID PEROXIDE LEVELS IN MUCOSAL CELL LIPID

!
a) Serum Yitamin E Levels

Neither experimental day, fat level, nor fatty acid composit%on of

the diet had an- .effect on serum witamin E levels when determined as

4, /

a1pha tocopherol (Tab]e 2-14). ATthdugh not significant serum vitamin

E. concentrat1on;” (l“gfw fat d1et fed groups was 17% higher when

compared to the

l. o : ‘.';i@ R
b) "Pro11ferat1ve Mucosa] ‘Cell Lipid Perox1de Leye]s

i . ‘g ¥
The standard cuﬁve of cumen hydroq§r0x1de in the r#fb

.*Q’f

-nmole .is shown in f1gure 2-2. Color spectra compar1son be&¥een cﬁmen

v]et fed<groups.

. ' &

s

H&droperogide and'peroxide of mucosal cell lipid“fraction demonstrated

"

M 1.
-4 S .- ":a“

Table 2-14. Effect of fat diels containing similar Vilamin E dt;ﬂéxmcs (JU/1000 kcal) on rat
serum Vitamin E le%els (ug/dl)

: ,
' F’at Level ; High . LQ;V T | .‘ Effect of Treatment®
P/S }hio’ HLgh “low . High . % 12:1 R};/l?o A T
@%‘380 . _,1590'% 1770 30 RS NS M
Ti300 4319 #5050 429 ‘ h

(n=7) 4(n:6) (n=4) (n=6)

'Abbreviations used: P/S Ratio, polyunsaluraled to sa‘uralcd fauy acnd ratio.

~
- . v - -

LU

’Thxs mean SI) Value lcnds to be hlghcr comparcd to olhcrs die 10 one rat showmg 4 much

E hlgher serum Vitamin E level (2480 ug/dl)

‘Effect of treatment deternrined by two-way analysts of variance procedures; Int, intcractiorn
between effects of fat level and polyunsaluraxcd 1o saturated fal(y acid rauo; NS not

‘significantly different.
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0.16

0.14 -
1 y=0.1447x + 0.0017 r=0.9988

)

0.12

Y
o

Absorbanc_e

0.04

0.02

O(X) - T — T v T v T v
‘ , . 0.8 1.0
Cumen Hydroperoxide (nmole equivalents)

(

F1gure 2-2. Standard curve for cumen hydroperox1de ' "&v

(0- 1. O nmo]es) were determ1ned as

Cumen. hydroperox1de .
( -1 ) represent mean values fé‘

descr1bed in ‘-Material and Methods
of 2 or 3 rep11cates

v



no interference due to turbidity or other’ Qppodent -factors,-(figuré'”

2-3). ‘ ' ’ ' \“

7

Experimental day had no/effeCt‘Oq'1ipid.peroxfdé.]evels. Fat
level, but nét dietary fatty acid Gompbsition, affected 1ipid peroxide
values’ whent expreS§ed as nmol equivalent of cumen hydroperoxide/mg
protein.,vFeeding'high fat diets fncreased Gpro]iferative" cel lipid
peroxide vaiues by.64%t(p<0.05)2compared to groups fed ioﬁ fat diets

(Table 2-15).

When results are expressed as nmole of cumen hydroperoxide

equivalent per mg (or mol) of thSpho]ipids: no effect of fat was

74

observed.  However, groups fed"aApolyunsaturated to saturated fatty -

acid diet ratio of 1.1 exhibited a 73% increase (p<0.006) in 1lipid

peroxide content compared to groups fed a polyunsaturated to saturated

fatty acid diet ratio of 0.3 (fable 2-15). s

?’

To correlate Tipid peroxidation with: the phosgholipid fatty acid

- composition and the upsaturatﬁon “index. stétistjca]- analysis for

effects of diet treatment on phosphatidylethanolamine and phosphatidyl-

- choline fatty 'acids of the "proliferative" mucosal cells in the 1arge

intestine was performed and is summarized (Table 2-16). Except .for

Co0.4(6) fatty géid of pho&ub{tidﬂethanohminv?.» both phospholipids

were significantly affected in ‘their fatty acid comzosition, including -

C18:2(6)"C20:4(63* total po}yunsaturated gnd w-6 sgri%s fat;y,a;145,

/

by fat level and fatty acid composition of the diets. An increase in

all -these fatty acids were observed in groups fed dizts with a.high fat

* polyunsaturated to saturated fatty e<id ratio {P/S effect).  Both fat

a

content . (fat effect) and  in groyps  fed di ts ‘with a .high,
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Figure 2-3. Absorption spectra of tuhen'hydrbperoxide and of .

1ipid hydroperoxide from rat colonic cell lipid determined by the
Hb-MB test '

Cumen hydroperoxide ( ----- ;'0.2 nmolés) and 100 pnl of rat
colonic -cell lipid fraction (
described in Material and Methods. Zero absorbance was adjusted

at 800nm with H,0 against H,0. {chart speed: 10nm/cm, scan rate:
‘1nm/sec, pen: 0-0.1 Abs). - ‘ B

) have been treated as
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Table 2-15. Effect of diet treatment on lipid peroaidation of "proliferative” mucosal cell lipid
fraction from the rat large intestine.

Lipid Peroxide Values’ N

Fat Level High Low Effect of Treatmcnl‘
] Fat P/s . .

P/S Ratio’  High Low High Low Level . Ratio * Im
nmole/ 0.11° - 0.07 0.05 0.06 0.05 NS NS
mg protein  *+0.02 +0.04 10.01 001 4

~ amole/ 1.09 053 0.9 062 * NS 0.006 NS
mg +0.30 +0.28 +0.33 +0.14
Phospho-
lipids -
nmiole/ 0.80 0.38 0.66 0.44 NS 0.006 NS -
wmole +0.22 +£0.21 +0.24 +0.11 ’
Phospho
-lipids
n’. S S 2 6

1Llpxd peroxide values are cxpressed as nmolc of cumen hydroperoxide (multiply by lauor
to obLam results in nequ.).

Abbreviations used: P/S Ratio, polyunsaturated to saturated fatty acid ratio; n; number of
replicates.
*Values are means £ SD.

*Significant effects (p<) by two-way analysis of variance procedures are indicated: Int,
interaction between effects of fat 1C\c] and polyunsaturated to saturated fatty acid.¢atio; NS,
not significantly different.

 level and fatty acid composition of the diets also affected the

unsaturation index in the phospholipids.
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D. - DISCUSSION

Dietary fats'have a variety of effect; on cell membranes.

Previous studies have demonstrated that dietary fat affects membrane

1ipid content and phospholipid fatty acyl composition (13,15,16,18-20).

Other studies also reported increased membrane lipid peroxide levels
with increased membrane po]yg@saturated fatty acid content and membrane

unsaturation index (21,22Y{? ~ Experiments examining brush-border

Rt 1\ . - .
membrane and basolateral mehbr@me in the small and 1arge intestine have
fat diet treatment (20,41,47). The ‘éxperiment presented in th1s thes1s
extends current knowledge by exam1n1ng the hypothes1s th@t changes in
d1etany fat 1eve1 and fatty ac1d composition a]ter co]onocyte membrane

composition wh1ch in turn may affect 1ipid peroxide levels in this cell

type.

I. EFFECT OF DIET TREATMENT ON MUCOSAL CELL ISOLATION AND THYMIDINE
KINASE ACTIVITY '

a) ~Cell Isolation N

“Non-proliferative" and "proliferative" cell populations frgm the

small intestine have been successfully isolated (49,50,51,53). Methods

“to isolate these cell types from the large intestine have also been

reported (54,55,72). The proeedure.used in the present experiment is a
modification of the methods described by Brasitus (55) fof.the cecum
and proximal colon and by Weiser (49) for the small intestine. The
procedure has been modified for ease and better control of the cell

integrity as the isolation period in the present study is rather 1ong.
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Ca and Mg Free Hank's buffer containing triethanolamine-HC1 and

dithiothreitol was used as the main isolating solution due to its
properties of controlling constant'pH and osmolarity, while supplying
vi?al elements for cell metabolism. The disadvantage of the method is
a long isolation time, resulting from collection of twéive.%raction§.
This is balanced by the advahtage that the method is “smooth" and
almost no clumped cells are observed in the fractions as.opposed to the
Brasitus' procedure (personal communication). Clumped cells and ceil
sheets are not desired as they-.are likely to represent not only

epithelial cells but a mixture of epithelial and non-differentiated

cells. Clumped cells, .debris and mucus-1like .material were removed by

. A, Ty
R IRELRA R

fil?ﬁ%tiOn. >A1£Héu§ﬁ: -cells ffgm “non-proliferative" and
“proliferative® cell fractions were well pelleted, fluffy ma;eria],
Jerhaps mucus,could occasionally be obsefved'arpund the pellet of the
Mnon-proliferative" cell fraction.  This "non-proliferative" cell
population cdnsists of columnar epithélial cells, goblet cells, some
endocrine cells and lymphocytes (555. Each fraction-was stained with
hematoxylin and eosin, pe;iodic acid-Schiff (PAS), Wright's, and
mucicarmine stains. Unfortunately, cell fixation was performed by air
drying and this process does not allow for cell type necognition.

material released (mg of protein) between animals (Table 274).
vUnéxpectedly, thevdiet treatmeﬁt_exhibited an effect on the cell
is§1atign procedure, with a 55% hkgher amount of col1ected material in

groups fed diets with low polyunsaturated to saturated fatty‘acid ratio

compared to groups fed diets with high polyunsaturated to saturated

* fatty acid ratio (Table 2-4). "This effect is not due to the procedure

As dbserved by others (52) there was a‘high variability of total
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as the percentage of protein distributed between "non-proiiferative"
and "proliferative"™ cell populations was apparently similar for each
dietary group (Table 2-5). However, it is possible that cell cohesion

and mucus properties have been altered.by diet treatment. Change in the
effect1veness of the unstirred water layer may have also occurred

/
o
Further 1nvest1gat1on i$ needed to support these suggest1ons Based on

3 .
the results of H-thym1d1ne incorporation into DEA (Table 2-3), a

-

better distribution would have been\59:60% and.40-50% of protein 1n the

“non—pro]1'1°e;¢6€?;efI and "pro]iferati@e' cell populations, respect1ve1y,

'with approximately 12 mg of total cell protein.

& ~sites used are varied. For instance, Brasitus

mucos was 1ike]y. On the other Hand; 10% (w/v) of heai-treated fetal

bovine serum was used to breakdown the mucus, and antibiotics added to

the solution to prevent bacterial growth.

=

80

at no filtration step was included, thus contamination with .

In the future, some mod1f1cat1ons to 1mprove the method as well as .

e

S
some add1t1onav contro]s should be performed Firkt, a 15 minute bath

with 10% fetal -calf-serum in 1.6% Jolik's modified minimum essential

medium should be included (55). This solution has the property to

degrade the mucus and would ease cell r2lease increasing material

collected. Secondly, cells should be fixed adequately and #€tained for

cell identification. Furthermore, cells and intestinal tissue should



]

- ~

procedure. ‘ )
,

i

b) Thymidine Kinase Activity

Thyimidine kinase activity-has been measured in regenerating rat
o 3 ' .
livers (73-76), in leukoeytes (58), and in small (57) and large (55,57)

intestines of rats '(55757) and humans (57). Differences in tissues

A

examined, enzyme purity, and way of express1ng results make it

difficult to compare the ‘data of the current study with the literature.

’ 3 14.
Both H-thymidine (73-75) and C-thymidine 4(55,57,58,76)L-as enzyme

“ g

’ : Lo . 5
jfybstrates have been used. Important variations in amount (from 1x10

“to 2x106 dpm) of rad1oact1ve substrate added to the reaction npxture

A occurred among stud1es (55,57,58 ,73). Two groups (57 58) expressed‘

the1r resu]ts as mo] of product/m1n/mg of grote1n i Accord1ng to the‘

t%yt cond1t1ons, these reported results -are. pract1ca]1y 1mposs1b1e

Due to a low thym1d1ne kinase activity in the samples, 500,000

. 81

be prepared for microscopic observation at different stages of the"

dpm/react1on mixture with a reaction time of 45 minfites have been used

to measure the enzyme act1v1ty. As the test‘is subject to variations,

9

: %rom one assay Eo another, batches of 2 blanks and 4 samp]es, 1nc1ud1ng '

each t1me the ‘non- pro]1ferat1ve and]"proilferat1ve ce]] fract1ons of

the same an1ma1 were processed to decrease possible errors.

Thym1d1ne k1nase spec1f1c act1v1ty was 41% h1gher (p<0 05) in the

"proliferative" cell population compared to " non—proliferative ce]]s.

Thereforé%\qt seems that these fract1ons exhibit metab011C-d1fferences.

Houever, . the actiVities obtained are 1ower than those observed by -

Brasitus (55) in cecum p° us prcximal rat colon and Salser and Balis

157)  in  rat co1oqﬁg Brasitus (55) separated, by ‘ grad1ent'.
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activ1ty from 5. 7 to 19 0 pmol/min/mg ‘of prote1n w1th an average ofA

11.3 pmol/min/mg of prote1q for the four,1so1ated fractions. On the

other hand, Salser and'BaJis (57) obtained a medn value of 6.5

pmol/min/mg of protein in rat colon. Average thymidine. kinase activity

obtained»in'this-stﬁdy for the "proliferative" cell fraction was 4.1

. pmol/min/mg of protein. The -differences can be‘expfained in part by

differences 1n-methodo]ogy and segment of tissue eXamined,rand/or:could

D,

be -due to the small amount of material co]]ected. Unexpectedly, the

Ll

group fed a diet with a low' fat and low oolyunséturated.to saturated’,

fatty dcid ratio ‘eXhibited 1ower 'thymidine 'kinaée activity in the
“so-called "proliferative" cell  population compared to
“non-prg]iferatiye"'ce]]s (Table 2-6).
) o .

IT. EFFECT OF DIET TREATMENT ON LIPID COMﬁbSITION,OF MUCOSAL CELL

Cho]estero] anddphosphoiipid content of the mﬁcosa1‘teTls in the

large intestine were found to be 1ower compared to those obta1ned for

m1crosomes of the sma]] intestine . (77). In this regard,

&

diss?mi]arities between cholesterol and phospholipid content of. jejunum

M

: . LN .
_and 11eum haye been- observed (77).  These differences may also. be

. exp1ained by variation fn diet, and/or di]ution effect by protein when

using the who]e ce]] homogenate for ana]ys1s compared to a purified

membrane fract1on. Cho]estero] and phosph011p1d va]ues found were also

t

‘1ower than those-reported in brush-border membranes of rat small

inteétﬁne (43 78,79). These observat1ons are in agreement w1th another

study (77) in whlch mwcrosomesrfrom rat sma]] intestine exhibited lowe-
content\ of both these 11p1d c]asses. Cholestero] rto'—ohosphohmd
T - ' oL e

. e ' S . _ ) 3
Centrifugation cell fractions with 1ncrea§1ng thymidine. kinase
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ratios in brush-border membrane of rat small (20,43,78-81) and large

(47,82) 1ntest1ne are generally higher than those obtained in this

- study for mucosa]vce1ls from the large bowel. ° The results fdund are

o

consistent with those of Thomson et al. (43 79) suggesting no

a]terat1on of the bu1k 11p1d compos1t1on of the cell membrane; by

d1etary fat man1pu1at1on On the other hand th1s group .did not report
a s1gn1f1cant effect of dietary fat on the mo]ar ratio of these lipids
in the brush border membrane: from the sma]] intestine as others (20) or

as in th1s study for mucosal cells in the large intestine No such

effect was observed in the basolatera1 membrane of evther the proxima1
‘and distal small 1ntest1ne, or the prox1ma1 and distal colon (20).
A]thoughgnot s1gn1f1cant the mucosa] cell’ tota] phospholipid content
of animals fed d1ets w1th a low po]yunsaturated to saturated fatty ac1d
' rat1o was- higher compared to” an1mals »fed d1ets with »a h1gh
po]yunsaturated to saturated fatty acid ratio (153 vs 129 g(@g of
protein). This may account for the s1gn1f1cant effect (p<0.QOS) of
dietary fatty acid 'composition observed on ithe Amo1ar ratioq,of
cholesterol to pho.sph'o'lipid (Tab]e 2-7).
Unfortunately, 1t is not pQ551ble to further compare data of this

study w1th those obtalned by Bras1tus et al. (20 44,47, 80 84) since '

th1s group reported the1r resu1ts as a percentage of the tota] 11pid

a , f . .
’:_-_H1gher cho]estero] (p<0 005) content was -found 1n‘_. the

" non(pro11feratrve celm popu]at1ons compared- to pro]1fer§%@ve cells:

This result needs further 1nvestigation to deiineate 1f 1t is an

artifact or a constant observation. In the 1atter case, reasons and

’ mechands1ms for the d1fference observed will need further study.
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111. EFFECT OF DIET TREATMENT ON PHOSPHOLﬁPID CONTENT OF: MUCOSAL CELLS
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Morphologica]) functiona] and structhra1 changes in the mucosa of

K]

the intestinal tract occur w1th age and d1sease such as diabetes, and

can be influenced by external factprs 1nc1ud1ng 1rrad1at15n, chronic

'ethamél exposure and nutrient intake (20,39-43,78, 79 ,85-87). Although. -

dietary fat *induces changes in the brush border membrane lipid
composition and .the. phospholipid d1str1but1on in diabetic rats,
generally lessrcr no significant;changes are observedvin healthy
animals (41,43,?9). On the other hand, Brasitus et al. (ZOf found that
dietary fat - significant]y‘ altered . the 1lipid composition and

phospholipid distribution of rat small intestinal microvillus, while

the baso]atera1 membrane was altered to a lesser extent. These

discrepancies between studies may in part be due to differences in’

animal-  strain, diet composition and the - period of ’;feeding.

Furthermore, the modu]ationi of membrane “structure and function by

dietary fat manipu]ation involves complex mechanisms that cannot be

explained only on the basis of altered membranev1ipid composition (79).

B

In the present: study, and in agreement with the resu]ts obta1ned by

84 -

__others in brush border membrane of the sma11 1ntest;ne (41 79) no -

phosph011p1d class content was observed (Table 2-8). The s11ght
discrepancies in. the significance of the’statistical “test depending on

the un1t used to express the results (Tab]es 2-8 and 2-9) may be

- signif}cant effect of fat 1eve1 or d1et fatty ac1d compos1t1on on the

exp1a1ned by the d1fference of one observat1on between both sets of -

R Ve »
data, an 1mportant factor for stat1st1ca1 ana]ys1s. S

In agreement wfth the f1nd1ngs of Garg et a1 (77) on the

'm1crosoma1 fractron of rat sma1] 1ntestrne, the colonocytes exh1b1ted a




higher percentage of phpsphatidy]ethand1amine than phosphétidy]cho]ine.

This result differs f f?qm a number . of membranes where the

phosphatjdylcho1ine content is higher .than phosphatidylethanol amine. ,

Phosphatidylcholine may be synthesized via three different pathways.

,5‘35

. . . )
In the first pathway, phosphatidylcholine s formed by acylation of

lysophosphatidylcholine (88). In the second, or so called "de-novo"

pathway, phosphatidy1choline, is V synthesized by reaction of

diacylglycerol with CDP choline (89). The third pathway involves the:

phosphatidylethanol amine methyltransferase - enzyme to convert
phosphatfdy] ethand'lamine to phosphatidylcholine (90). " While the first
‘two pathways have been identified in rat small intestinal epithelial

cells (91),-' failure to detect . phosphatidylethanolamine methyl-
g _ “

transferase activity in the microsomal fraction of thisace11 type has

been reported (90).¢ Recently Dudeja et al. (92,93) found such activity
~not only in the rat.colonic brush-border (92) and basolateral membranes
(94), but also in.various membranes from the small intestine (93). The
transmethy]ase activities in the diffenent subce]1u1ar fractions of the

rat small ‘intestinal epfthe]ia] cells ranged from 20-60% . those of the

. plasma ‘membrane (93) Unfortunately, only the data for the .

brush border membrane were presented., Although- the reasons and

L mechan1sms~fqr the d1fferences in the phospholipid prpfilemamong the

various- membranes of a ce11 are pot yet known, a 1ower activity or

content of phosphat1dy1ethano]am1ne methy]transferase in microsomeS'

compared. to the plasma membrane ‘may part]y exp1a1n the higher 1eve1 of

- phosphat1dy1ethano]am1ne than ph05phat1dy1cho11ne in the co]onocytes

and in the m1crosomes of the rat sma11 1intestine. .Mbdulation-o£&this;

‘Z;enzyme by_djetary fat-hasvbeen reported (62). Further research i%.

¢



" needed in this area.

Iv. EFFECTS OF DIET TREATMENT: ON PHOSPHOLIPID FATTY ACID COMPOSITION
'OFMUCOSAL ELLS A o o

86

D1etary fat altered-the phoSbholipid fatty acid composition and

the unsaturat1on i dex of the “non-proliferative" and "prOTiferative"

mucosa] cells from the rat 1arge intestine; 'the effects varied from one

phospho]ip1d class to another (Tab]es 2-10 to 2- 13) S1nce all the

essent1a] .nutrients for non-fat components remained constant, the

, effects ' observed are primarily ‘due to dietary'vfat ‘manipulation.

Feeding either high fat diets (50% as energy) or high polyunsaturated

fatty acid content diets (P/S=1.l7)'decreased the total monounsaturated

fattylacid-leve1§, and increased the total polyunsaturated fatty acid

hcontents' of the colonic cell phospholipids. Alterations 1n"

phospholipid po1yunsaturated fatty acids by chanoing diet fat content

was vreflected in changes of the w-6 (phosphat1dy1ethano1am1ne,
phosphatidy]cho]ine phosphat1dy11n651to1, phosphat1dy1ser1ne) and w—3
(phosphat1dy1- ethano]amlne) fatty ac1d ser1es.w Increas1ng the d1etary

.»po1yunsatur§t*af?“l;saturated fatty ggc1d rat1o a]tered the ‘w-6 fatty

acid series in phosph011p1ds but d1d not change w-3 fatty acids, except

for phosphat1dy1ser1ne. D1et var1at1ons did not 1nf]uence saturated .

fatty acid" content of the major phospho11p1ds (phosphat1dx1ethano1am1ne

phosphatidylcholine). Fatty acid compos1t1on of sphingomyelin coq}dn

not be determ1ned due to the small re]ativezperCentage of this .

phospho1ip1d (av. . 6 % w/w of tota] phosph011p1d) Therefore, the

‘ f1nd1ng that colon1c cell phosphol1p1d fatty acid. compos1t1on ref1ects,'_'

in part, d1etary“fat man1putatvon is cons1stent}w1th;preVJOusgstud1es»f

o A CE
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(13,15, 16,18-20, 95).

“Rats are homeotherms ma1nta1n1ng a constant body .temperature

l‘

despite env1ronmenta1 temperature var1at1ons. S1m11ar1y; organisms

tend to keep a constant cell membrane f]uid1ty‘despite external stress,

such as diet, by modu]at1ng their. membrane phospholipid “fatty acid

. compos1t1ons and cho]estero] 1evels - a process called "homeov1scous'

adaptat1on" (96-98). |
' ' Changes in the membrane 1ipid'composition‘a1ter_membrane functtons
(16,18,19,99- iOl) For_ 1nstance act1v1t1es of acy]coenzyme A:

cholesterol acyl transferase in rat Tiver microsomes (99) - ATPase "in

¥

rat heart mitochondria (19,100,101}, g]ucagon st1mu1ated adenylate

‘cyclase in rat liver plasma membrane (16), and NTPase in mouse liver

L)
nuclear envelope (18) were all infleenced by dietary fat manipu1at10n

b ¢

effects of .dietary fat oh the membrane structure and function, see

3

C1and1n1n et al. (15 17) ’ A]though 1t is possibie to pred1ct how

d1etary fat w111 a]ter the membrane 11p1d composition, 1t 1s yet not

. l . ~
’ poss1b1e to pred1ct how membrane funct1ons w111 be affected (102)

IncreaSed membrane po]yunSaturated fatty ac1d content andf'

1ncreased membrane cho]estero] content have genera11y been corre]ated"*

4v1'a alteration 'in membrane 1lipid composition.  For a review on the

w1th enhanced membrane f1u1d1ty (20 82,103). Discrepancies in this .

-~ finding may be partly explained if not only the membrane phospho]ipid

fatty ac?dior membrane cho]eStero1 content but also the 1nteract10ns,'

of botﬁ these -factors are cons1dered to understand regulat1on of the'

modulatlon of membrane fluidity. Changes in the membrane f]uidity by o

d1etary fat treatment have been reported in both the rat . sma?] and

large intestine, as well as with1n intestinal cell membranes -




brush border and basolatera] membranes (20). -A1though not measured in

th1s study, it 1s ]1ke1y that- diet treatment altered mucosal cell
" membrane f1u1dity_in.the large intestine: . R

An opposite trend in d%etary fat effects for phosphatidylcholine

and phosphatidylethanolamine fatty acyi chain composition between bothv

‘cell  fractions was observed. " ;A Phosphatfdy]choline from  the

"proliferative” cell population tended to exhibit higher saturated

- fatty acid and lower mono- and polyunsaturated fatty acid levels

.compared to '"non-proliferative" cells.. A reverse effect, except for |

the menounéaturated fatty acids, occurred iﬁ*phosphatidylethano1aminé.

Yy

. ‘No significant variations in the w-3 fatty acigd series were observed.

* Further research . is needed to delineate biological reasons and

“mechanisms for such differences.

« .
In summary, the present experiment, in agreement with others

88

(13 15 16,18~ 20 95), extended the current knowledge that dietary fatr’

altere%bjboth ‘t e phospho11p1d‘7fatty acid compos1§1on ~and the
uhsaturat1on index of- mucosa] ce]ls from the rat large. 1ntest1ne The

effecis varfed between | ce]l popu]atlons, "non- pro11ferat1ve and

g

”pro]iferat1ve as well as ~among phospholipid classes w1th1n a ce11

P

" type.  Further resegrgh ‘15,.needed‘ to better understand _the ’effec;s*

~observed. - ﬁb'f ‘
V. EFFECT OF DIET TREATMENT ON SERUM VITAMIN E LEVELS AND ON LIPID
PEROXIDE LEVELS IN MUCOSAL CELL LIPID

a) Serum Yitamin E Levelsv:

Methods to ana]yse serum’ vﬁtam1n E genera11y suggest hexane as the
f

e extractlng so?veqt (104 106) B Usyng‘the procedure descr1bed by Chow



b

~and Omaye (106), Tow d]~a1pha-toc0phero] and d-a]phé-tocopher}T-eeetate

recaveries .{20-25%) have been obtained. = Rat serum ‘alpha-tocopherot-

recoveries were 34% and 109% inm absence or presence of the'antioxidant‘

butyl-hydroxy-toluene (BHT), respect1ve1y, while in human serum this
. \
antioxidant did not have such an effect_ (106). However,

d-alpha-tocopherol added as internal Standard to their sample was 0.07
g, of which less than half has been njected onto the column. Thisv1ow
amount of standard used does not allow ca]cu]ation of recovery. To

avoid the sapon1f1cat1on step, wh1ch may be accompan1ed by loss of

vitamin E, a s11ght modification of the c]ar1f1cat1on method described

% Nierenberg and  Lester was used (69). Recoveries  for

dl-alpha-tocopherol and d-a]pha—tocophery] acetate were .105% and 123%,

. respectively. The latter high recovery can be explained by peak

interference as compounds tend to be e1uted at s1m11ar times at the

beg1nn1ng of the chromatogram A better 1nterna1 standard would have

~been gamma-tocopherol, which is expensive, or toeé], which is not

avai]ébie‘on the market. Both these compounds would be eluted at a

- Tonger retent1on time on a portion of the chromatogram where no peak 1s

o _detected Good reproduc1b111ty between dup11cates was obta1ned As -in

. humans the rat serum levels reported 1n the Titer ature showed greatv~

e var1at1ons (140 1560 pg/11) (107-113). The variatlons may be due to

‘d1fferences in d1et v1tam1n E and fat content per1od of feeding,

“and/or animal age and stra1n methodological problers (recoveny) should”

also be considered. The serum a]pha-tbcophero] values found in this

study (av. 1500}Ag/d1) are in the upper range of those reported.

A non- significant. d1fference in serum a]pha tocopherol status- of

the an1ma1s ref]ects a s1m11ar vitamin E dens1ty 1ntake VIU/kcal)
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between each group and/or a we]] contro]]ed diet. 'A1though not .

v/ . . & \

s1gn1f1cant and d1sregard1ng the abnorma]]y h1gh serum alpha- -

fat d1ets tended to exh1b1t a h1gher mean v1tam1n £ va1ue.' Th1s

di fference may be ‘partly exp1a1ned by s]1ght differences in v1tam1n E

content. among-d1etsa, by slight d1fferences in food 1ntake among .

group%{ and by increased v1tam1n E mob111zat1on 1n rats with h1gher

— v

po1yunsaturated fatty ‘acid 1ntake “There was-no;d1rect re}at1onsh1p

A : ‘ _ ) _
between po]yunsaturated'fattx acid intake and:serum vitamin E-levels.

Serum vitamin E may?not reflect vitamin E status in tissues; however,

‘liver microsomes"dtd not exhibit d1fferences ‘of alpha-tocopherol |

content in rats fed v1tam1n E control]ed diet (114). TheFefopetit>i§

Tikely: that vitamin E status in, .the pro]1ferative“'ce11s of the rat

large intestine among dietary groups. was similar.

b) Lipid Peroxide S :‘. ' , ' "'”-n s

Since diets were prepared fresh once a week, peroxide levels in
the diets have not been determined. Accord1ng to Reddy and Tanaka\r

(115), no significant levels ( ieroxidés were detected in freshly. -

prepared and one week old diets kept at -4°C. ”“y, : )‘

-Lipid erox1des and free radlcals are . known to induce cell

memb * ane damage and DNA mutat1ons. A gfeatvdea1 of experiments shown

lncreased lipid peroxidation under var1ous cond1t1ons 1nc1ud1ng septic

ocophero] concentrat1on of one rat (2480)Ag/d1) fed thel%ow fat h1gh“

90

o]yunsaturated to saturated fatty ac1d ratio diet, groups fed the 1ow ,

‘(116), and vitamin E deficient animals (117) as well as after . .

irradiation with gamma- rays (118) and UV Tight (21) or atser 1h3ect1on

of some. types of carc1nogens (119) Several methods for lipid- perox1de'



——breath samples, erythrdcyte susceptibility to hemolysis, detectioi of
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¢ determination ére available (see ref. 120). These methods include

measurement of 0, consumption, measurement of heptane released 1in

conjugated d1enes, Toss of po]yd/saturated fatty’ acid in hnembrane

phospho11p1ds f]uorescence ana1y51s of 1ipid peroxidation products,
\

chem11um1nescence detect1on, ~and  the thiobarbituric egld reactive

substance (TBA-RS) asSay; The TBA-RS procedure is the most widely

used. HoweVer th1s method does not measure lipid perox1de per se, but

the end product ma1ond1a]dehyde (MDA), resu1t1ng from the breakdown of

91

11p1d perox1des and . some other non Tipidic compounds.  The procedure,~

; sens1t1ve>to parameters such as temperature and pH, involyes an

)'/ -

acid:heating step whlch may initiate 1lipid perox1dat1on, thus

increasing TBA-RS It is also of importance to differentiate results

[

obta1ned under non 1nduced Tipid peroxidation systems (121-123) from

those measur1ng suscept1b111ty of sample to 11p1d peroxidatian 1nduced

by ascorbate iron pr NADPH-1ron (114,124,125). The lack -of a

- stendard1zed Froczdure may . partly ‘explain conf]icting results.

’

Recently, Ohishi et al. (126) described a new methylene blue derivative.

for ‘use in a colorimetric method ,(Hb-Mqu'ethod) which detects

specifically hydroperoxides, endoperoxides and peroxy radicaTs. This

assay 1s , Now ava11ab]e as a. kit which was used 1n this experiment.

Prwor to measurements of 11p1d perox1des in co]oncytes, a few tests

were performed First, as prev1ously reported (127) an equimo]ar

re1at1onsh1p between nanoequ1va1ents of cumen hydroperox1de detected,

and the peroxide value measured by the iodometric method was confirmed

*

in the reaction system were observed under the conditions described

‘biusing canola oil (data not shown). Secondly, turbidity and cloudiness
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previously and‘as reported.by Kanazawa et al. (128) when using rat *®
ssll#i: ricrOSomai fractions (data not .shown)u o In the .present
experiment, ]ipid peroxides were determined in the lipid fraction from
the “non-proTiferative" mucosal cells in the ratsiarge intestine, and
as can be seen in 'figure 5, no. turbidity or interference occurred,_bv
A]though ethoxyquin, a ye]iow—brown antioxidant added to the '1ipid

" extraction solvents, did not influence the ‘assay at the concentration
used buty] hydroxy to]uene would be a better chOice for future studies ;
as this antioxidant is- coiorless and ‘does” not inf1uence the test (129)

In the present study, 1ipid perOXides were assayed on1y in the

"proliferative" cell fraction. ~ Although rats fed - phySioiogica11y

relevant diets exhibited very ‘ow levels. of equivalent"cumen‘l””':'

hydroperoxides changesbin fat 1evei'and fattyﬁacid composition ofvthe
diets Significantiy a]tered 1ipid perox1dation 1eve1 (Tab]e 2 15)

Results - in the 1iterature are genera]]y expressed as 1ipid\

perox1de ievels per mg of protein B This a110ws compariso/;:>\etween‘

‘Simiiar type of membranes or tissues, but does not a]]ow corre]ationsﬂv
\ -

between different types of materials as the amount of substrate for

peroxidation per unit of protein varies. For instance rat 1iver'

microsomal fractions contain 400- 600)49 of phosphoiipid/m o5ein, i,

while the rat large intestina1 ce]] homogenates ho]d approximate]y7vv'

100+ )Ag of phospholipid/mg of protein. For c0mparison the resu]ts‘v

should also be expressed ‘as. amount of 1ipid perox1des per mg or moles

of phospho1ipids.

Discrepancies among published dafa beSides experimenta1“~‘~"

’/‘\H?iations, may partiy be exp]ained by differences in the phySiologica]:’

states of the animals -as 1ipid perox1dation.is not cnly dependent on
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substrate available '(po1yunsaturated fatty acids'  but a]so on the -

" antioxi“® ant,status, the pool ‘and act1v1ty of various enzymes (129) as

we]] ‘as on other factors’ (age d1seases)»of “the t1ssue ~or membrane

stud1ed Perox1dat1on is often measured under stressed cond1t1ons such

as‘ v1tam1n E def1c1ent (117) or 1ron overloaded (130) animals,

s1tuat1ons that 1ncrease ‘the sens1t1v1ty ‘to attack by reduced oxygen

.-.

species. Since” ‘in the. presént exper1ment animals were fed

- physiologically 're1evant- diets, compar1sons w1th other stud)es 'for

11p1d peroxide shou1d be performed with contro1 va1ues However, s1nce '

the end products measured are different, comparlsons are difficult to

make and data will be presented for information. Values (nmole of

'MDA/mg offproteJn) for- the TBA—RS test, undervnon-induced lipid

peroxidation conditiOns reported .for contro]l groups were 0.7, 2.0,

1.5, and 0. 8 1n the homogenates of rat 11ver, brain, and kidney,

Arespect1ve1y (116) Others reported 0.2-0.45 nmoles MDA/mg of protein

in rat 1iver m1crosomes (114), and 0.9-2.0 nmoles MDA/mg of protein in

:rat*gastric mucosa (131). As the leuco-methylene blue derivative for

use’ in this colorimetric method s recent, published data are

practiCa11y non-existent. ‘Kanazawa et al. (128), using ‘this assay,

frebbr}ed' ljpidauperoxide levels of 1.31 to 1.58 nanoequivalents of

-

11no1e1c ac1d hydroperox1de per mg of prote1n in rat 1iver microsomes.

.The causes for the Tower va]ues found in ‘this study compared to ose

-

" reported may be due to d1fferences 1n the tassue stud1ed to variations

in ‘the phospho]1p1d content (m1crosomes contain about 5 times more

. PR

“phosphol1p1d/mg of prote1n compared to ce11 homogenate, d11ution' -

effect) - and the pool- of po]yunsaturated fatty acids ava11ab1e for.i

w*;perox1dat1on _Eurthermore,..arlatTOns»tn the experamental cond1t10ns



including diets as well as animal age anc strain havega]so to be
considered. Lipid peroxides determined in control and alcohol-treated
rats by both methods (the‘?ﬂA-RS tesfﬁandbthe Hb-MB a§say)’1ed fo
conflicting results (128). This_furthef.underlines the lack of

- specifitify with the TBA-RS procedure, which demonstrated increased

malondialdehyde (MDA) detected in alcoholic = rats compared to

94

non-treated animals, while increase of hydroperoxylinoleate did not ™

L4
occur.

A" radical scavenger or the collision of two free radicals is
needed to stop the propagation of Tipid peroxidatipn._ An environment
~with high po uns_a&\rated fatty acid levels wiil facilitate the

' propagation step compared to an environment with lower po1yunsa€hrated

fatty acid levels, aSsuming‘bOth contain similar free radica] defense

- systems. The. present” experiment supports the hypothesis of an

increased membrane po1yunsatﬁrated fatty acid content in groups fed

; high fattor high‘polyunsaturated to saturated fatty acid ratio diets

compared ggpups fed low fat or low po]yUnsaturqted to saturated fatty

acid ratio diets (Table 2- 10‘to 2-13), whith in turn increases'the

Tipid perox1de Tevels in these membranes (Table 2 15). However, it is

yet not poss1b1e to determ1ne which of the d1etary factors - fat level

polyunsaturated to saturated fatty. acid ratlo, or both - primarily

affect 1ipid peroxidation as first, both factors influence substrates’

avai]ab]e_for'peroxidation and secbndly; both factors also affect the
Y ‘ = -

.o A )
peroxide levels depending on -the units used to express the results.

These findings challenge those from R b{ngham (132)- who reported an

effect of dtet vitamin E content, -ut mot of diet fatty acid

, 5 ‘ -
-composition (P/S ratio), on Aipid peroxidation in rats. However, the



v
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methods ‘used to determine lipid peroxides were different from thevohe

used in this study, and some discrepancies in the results occurred

" depending on the procedure used.

In Conc]usipn, the biological Eigpificance of the difference in
the 1lipid peroxide levels observed <between fat diet treated groupé is
jft yet khown. Further Stﬁdieﬁ are needed to determine the extent of

possible cell damage by such small amounts of peroxides, and to

delineate more precisely the re]d\ionship ‘betWQen dietary fat and

membrane cell injury by reduced oxygen species.

95
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" F. " CONCLUSIONS AND GENERAL DISCUSSION

Dietary fat jnf]uencesvthe membnane atructure and function (1,2).
Peroxﬁdationgo% 1ipids and reduced oxygeg species may cause cell injury
including membnane damage and DNA mutatinns (3)

In th1s thesis, it kas hypothesized that the mucosal cell membrane
compos1t1on is influenced by diet, more;fspepifically,-'itf was :
hypothes1zed that: L R B
1. The 1ip{d}composﬁtion of "non- pfoliferative" ana "pro]iferatheW
' .mucosa] ce]]s in the large intestine reflects, in part, tha' fatty

‘ac1d composition of the d1et o o - n“g
2. Lipid fractions of the mucosal cells from rats fed high (50% as
energy) or low (15% as enengy) fat diets w1th high P/S rat1o |
(P/S=I-2) exhibit more 11p1d peroxides than rats fed comparab1e‘

h1gh or 1ow fat diets with a Tow P/S raf1o (P/S—0.3).

3. A high fat diet (50%‘a§ energy) either - saturated or unsaturated -
| increases 11p1d peroxide product1on compared with a 1ow 'fat d1et
(15% as energy) having the same P/S ratloa(either P/S=i.2 or f
P/5=0.3). | B | -

: N
&z

Thefnypdthesfs has.béen,verified as follows:

Hypothesis 1. | ’. | |
Both fat level and fatty acid compos1t1on of the diets influenced |

the mucosal cell membrane composition in..the rat large 1ntest1ne.

A higher monounsaturated fatty acid content in-the mucosal cell Tipids

Coey




from rats fed low fat or low P/S diets .nd a higher polyunsaturated

fatty acid content in the mucosal cell 1  ds from rats fed high fat or

. high P/S diets occurred. Althqugh diets differed in their saturated
fatty acid levels, no significant changes in the saturated fatty acid

_ level¥ of the phospho® ipidz in the mucosal cells were observed.

Hypothesjs 2 and 3.

Both dietary fat level and dietary fatty acid composition
influenced the mucosal cell lipid peroxidatioh in the rét‘]arqe
intestine. Howéver, the effects of diet treatment dependéd on the
units used fo express the results. High faf diets increased the 1ipid

peroxide values expressed as nmole equivalents of cumen hydroperoxide/

mg of protein, while high P/S ratio increased 1ipid peroxide levels

expressed _s nmole equivalents of cumen hydroperoxide/mg or mole of

phospholipids. Therefore, it is still to be determined which dietary

?actoff - fat level, fatty'acid’composition, or both of them - are-ofy

primary importance. The effects observed are unlikely to be due to
differences in vitemin E status as alpha- tocopherol levels were not

- significantly .different between groups. In addition, a prevjous study

108

showed no anha-tocopher01 differences in the liver microsomeé'of rats

fed vitamin E controlled diets (4). Since the.]ipid peroxide levels
measured‘wére iow, bio]og1ca1 sigﬁificance ofbthe'differences 6b$erved
by dietary fat manipulations should be determined.

Al though not'hypotheSized, cé]]‘fractions, "non-profiferative" and

"“proliferative", exhibited differences in the phospholipid fatty acid

composition. Due to lack of material, lipid perdxide levels in the

"non-proliferative" cell population were not measqred.»u
- ) Lod R _

™
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Experimeﬁtaivprocedures have been adjusted for the purpose of this
tHesis. Although consistency in the percentage of cell distribution
between bo}h' cell popu1atioﬁ§,ﬁ whatever the 'diets, occurred, wide

/ . .
variations in <absolute amounts of cell released, among and within

1 grdhps, were observed. Consequenfly, the "nd&-pro1iferative“' cé]]
fraction in a group with "high" absolute amount of total proteﬂh may
correspond to the “non-proliferative" plus "pro]iferativé" cell
fractions of a group with low cell release (overlapping). This,
besides the length of the experiment, may account for the statistical

‘interagtions observed. For example, thymidine kinase activities from
rats which released more than 8 m& of total mucosal cell protein were
t>compan*ed to those from rats Qﬁich released less than 6 mg of total -

mucosal ce]] protein.  The ,“high" protein re]eésed group exhibited
thymidine kinase act1v1t1es of 2. 76 +-0.29 and 5 79 + 0.56 (mean + SE,

p<0.01) nmole of product/m1n/mg of protein in the "non-proliferative"

and pro]1ferat1ve cell fractions, respectively. . On the other hand,
the group with "194” cell release exhibited thymidine kinase activities
of 3.04 + 0.37 and 3.31 + 0.51 (mean + SE) nmoles of product/min/mg of
protein in "non-proliferative" and “proliferative" “cell populations,
respectively. Indeed, fhese Tatter activities were not sighifﬁcant1y
different. These comparisons between fractions, whatever the diet
treatment were possible as no dietary effects on thym1d1ne kinase were

“observed. Possible solutions to avo1d d1etary effects and differences

in amount of m&*er1a] collected is discussed below.
Although no data on the stained cells are available, contaminat1dn

by mucus and bacteria were smq]] or unlikely. Mucus, fluffy materia],

sédiments around the cell pellet and was observed only occasionally in
&}- . .



4

the "non-proliferative" cells. Bacterial membranes are charact- ized

& .
by branch-chain fatty acids; no such fatty acids were detected during
the fatty acid ana]ys%s by capillary gas chromatography. However,
procedures to verify purity of the cell preparations should still be

undertaken.

110 °

As mentioned «in the Discussion, some work should be performed to

validate the method. This involves the addition‘of a pre-incubation
bath sf’the gut with a.éolution of 10%‘(w/v) fetal éa]f serum in 1.6%
Jolik's minimum essential medium to breakdown the mucus (5), and
microscopic controls for purify of the cell fractions. Integtinal
preparationé for %ﬁcrgscopic observations should also be performed. |
The present study is the first“report on dfetany fat effects on
lipid cpmpositioﬁ' and peroxidafion in two types 6f mucosal cells 1in
the rat large intestine. It is also the first time that higher content
of the phosphatidy]ethano]amine than phosphatidylcholine has® been
observed im this tissug. fhis is in agreement w{th the result of é
recent study on the epithelial cell microéomes in the rat small
intestine (6). Brush-border ahd basolateral membranes from epithelial
cells in the rat sma]]land lafge intestine cor nt higher levels bf
phosphatidylcholine than phosphatidylethanolamine (7-9). v
/fgﬂl;;\%onciusion, data presented in this thesis are in agreement
with other studies demonstrating dietary fat effects on epithelial ce]j

-

plasma membranes in the rat small and large intestine (7-9). As

previously reported for other tiSsues, increased membrane

susceptibility to 1ipid peroxidation correlated with increased membrane
phospholipid polyunsaturated fatty acid levels. Further research is

needed to better understand the effects of dietary fat manipulations on

3
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;1 .
the gut and the possible medical applications of such manipulations.
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G. FUTURE STUDIES

14
_'f‘ h

Several studies using the methodology described in this thesis
1

could be performed. This includes the following:

validation of the cell isolation procedure by first, treating the

—~.

gut with g pre-incubation solution containing 10% (w/v) fetal calf

serum in 1.6% Jolik's minimum essential medium, secondly adjusting

" triethanolamine-HCL concentration'in the solution of the cell isolation’

if necessary. The ‘cells should be counted and stained for
differentiation, and gut preparatiqns observed microscopically.
Specific staining of bactefia and mucus should also be performed;

for comparisons, peroxides should be measured in ?resh]y prepared
:and stored cell lipid samples. The bfo1ogica] relevance of small lipid
F:r xide values, such as those reported in this study, should be

investigated; e

effects of various fat diets (fish oil or vegetable 0il1) with

~controlled vitamin E levels (and perhaps other antioxidants) on both

membrane lipid compos1t1on and peroxidation in these cell types should
be looked at. Site var1at10ns i.e. ‘along the large bowel - proximal
vs..dista1 portion - and within cells - microsomes, brush-border and
baso]ateralkmembranes‘— should also be. considered;

bio]ogicaﬁ reasons fbr the Tower phosphat1dy1cho]1ne than
phosphat1dy1ethano1am1ne in m1érosomes compared to plasma membranes as
well as pathways of synthesis (membrane 1nter;re1at1onsh1ps) should be
iﬁvestigated. ‘

: ‘ - d
Some experiments related to colon cancer could also be considered:

For instance, changes in prema]ignaﬁ% brush-border membrane, but not.

R
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113
basolateral membrane, by -,;—DMH-induced colon cancer in the rat have
been reported (10-12).. Of interest would be to determine what are the
premalignant transformations in  both  “non-proliferative" and
"proliferative" mucosal cells 'és well as in different types ;?
membranes within a cell popu]atibn. 'The effects of dietary fat on this
mode] should be investigatqg. One should also pay attention to
diseases of the large intestine that are influenced by dietary fat
intake and likely o be re]ated to deleterious effects of lipid
péroxides and- free r@dica]s. Finally, amother aspect that could bg
considered is the effects of diet treatment on the 6uchs composition,

on th effective resistanct of the unstirred water layer, aqd on the

mucosal cell cohesion in the large intestine.

-
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I. APPENDICES

APPENDIX 1: Vitamin E Content of Saff]ower 0i1 and Supp]emehted '
| Safflower 0i1 as Determined by HPLC

To keep similar viiamin E intake per caloric basis Between each
group, diets have been adjusted for vitamin E content. Safflower oil,
after determ%ning‘its vitamin E concentration, was supplemented with
d-a]phé-tocobhery] acetate to give a stock solution of 10 IU/g of oil.
Using this solution, the Vitamin E Tevels of the four diets were
equalized to the vitamin E content of the high fat, high
polyunsaturated to saturatéd fatty acid ratio diet which had the
highest vitamin E content without supplement. Alpha-tocopherol and
d-alpha-tocopheryl acetate were determined by HPLC as described in the

material and methods. Results were as follows:

Source alpha-tocopherol d¥a1pha-tocophery1
' acetate
(IU/100 g of 0il) = (IU/g of oil)
Safflower oil 52.88 + 0.73}

Supb]emented Saff}ower.OiT
Theoretical - 10

Practical . » " 10.50 + 0.01%

- 1Va'lue is mean + SD Qf 2 replicates injected 3 times

Value is mean + SD of 2 replicates
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APPENDIX 2: HPLC separation of rat serum alpha-tocopherol

Abbreviations: A-T0CO.AC., a]phé-tocopheryl acetate (internal

standard); A-TOCO., alpha-tocopherol.

CHART SPEED
ATTEN: 8

C ' PEAK
‘ i NAME

A-TOCO.AC.
A-TOCO

. 265

!

4
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-~
1.0 CM/MIN
ZERO: 2S5%
6
TIME
(MIN)
1.265
1.758
. -
[§Y)
r~

10 min




