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o ///’ C ABSTRACT J,: o L ,\ ¢
The effecta of prior dietary 1ipid manipulation on the functlon of

a
'

isolated rat heartf‘tissues has .been investigated. ‘ Iaocaloric dieta

A

providing 28 34 enz as fat were fed to young adult male rats for 9 -2

week ‘perioda.‘ The diets provided’ adequate protein vitamina and

éssential fatty acida but, - provided predominantly one clasa of fatty ~

acid namely saturated acids (160 & ‘18:0; sheep perirenal fat, SKF-~

group)‘, ,pleic acid (18:1.,w9; canola variety, rapeseed oil) CAN-group)

1y

linoleiC‘acid (18 2,u)6 s'unflovzer" oil; SFO—grOup) and linolenic acid'

»

(18:3 w3 linseed oil, LIN-group)

Diets had no effect on body -we'ig‘h‘t gain, = heart 'rate or ‘blood:

.pressure. ; Tissues from the SKF—group had the' greatest twitch tenaion

'
.

while tiSsues from the CAN—group were consiatently low whe,n subjected I:ov

g calcimn concentration-—effect assay. ! Atria from SFO~ and-LIN-groupa
behaved as the C%group, while corresponding papillary muscles\' behaved
.

as the, SKF—gr\oup.‘_ Differences in contra@ility were aboliahed by O 01 , l 1

I

K8644 was greate't in CAN . atria’ ‘and least in SKF atria.‘ Only SKF.

, ,’, ; o ‘-\‘,‘
, . i .

papillary muscles reaponded to this drug.

.ca?* uptake {nto' SR vesicles. was. elevated in CAN LIN and SFO"‘I‘:.‘,

' o

-y

activity was elevated in ‘SKI-‘,V CAN and SFO atrial SR but not in

ventricular SR. : o , S S '1 L

Threahold to dysrhythmia induced /by [Ca]o or isoprenaline xwas

greateat in CAN tissuea. . Differencea /in threahold o dysrhythmia were,,_';“l:

s

i f

‘_‘abolished in "atria, but ‘not papillary muscles by 0.01 oM. indomethacin,v,

y chemical skinning. : The inotropic actiona of BAY‘ ",;"‘

1 B

atfia, and in LIN . SFO and SKF ventricles.v, Caz"' dependent ATPaae o



D
20 mM mannitol or 1 -uM allopurinol.

.
‘Analysis of ‘membrane phospholipids indicate a high degree of
homeostagis in X‘saturat'ed fatty acid, }"arac'hidonate‘, and unséturat‘ion‘
i index. V ‘;l " ‘m K ‘ R o ".‘
Mﬁincaininé a' constgnt membrane. fluidity with available. acyl 'CoA
. ’ i R . ‘ : . : ' T w
esters 1is concluded to- result in changes’ in. the heart's, abili,t'y.‘ to ’
" v ‘ . “,‘ \\ * »‘ T o ‘ ‘ »‘ " ‘ ' ‘ ‘ ' ‘ o ¢
produce prostagfjndins, and their by-products free radicals. -
AR - 8 . R o ‘ "y .
‘.\\A ) i ‘ g \
. b s . ;
. L | a , l '
N y R ‘ ‘ I
’ - ‘ 
~ ! © \ ' )
‘ ' ‘.O ‘\ !
) 1
. |, i :
. . R !
N i -
"f?"
N . | "
v . ‘ N
\ LS
A S :
o A ) Ld SR L ‘ L ’_ o é
‘\ --' - " v '\‘ . o o
I3 i , .
=y : . (
, . «



-\ o o i . e . y e
L LG . NN [ . L N ! ]
o L DU w ! S I TN

. ACKNOWLEDGEMENTS

I would 1like' to express my sincerest gratitude and wholehearted

\
v

appreciation’ to Dr. W. F. Drydenw my . sépervisor and friend for,.his‘

invaluable guidance and encouragement throughout this project.‘

"

perform the sarcoplasmic reticulum study in his laboratory, and for
t . .

his helpful suggestions regarding my work. y

I also acknowledge a debt to Dr. M. Poznansky in allowing us toT.

N

have access to the Gas Liquid Chromatograph in his laboratory.

]

I extend my sincere'thanks to Mr. ﬁ Phipps for his help with the

fatty acid analysis, Mrs. H.: Mitchell "Miss S. Smith and Mrs. L.‘Rwan

Yeung for assistance in. preparing diets and performing some of the

——

experiments, Mrs. V. Hughes for her.“expertise‘kwith the histology

techniques, and Mr. K. Murphyvfor the excellent‘care he provided'to

. the animalﬁ\during the course of Thls work.

Mr. G."Duchon is ‘gratefully"acknowledged' for the superior
f ' A ‘
graphics and photography, and I.am very appreciative of the help of
.f,

Mr.t D. Brox in the computer analysis of the results. Also, l thank -

¢

Mrs. L. Chambers and Miss J. Tucker for-the skillful typing of this
! b . . ' .

‘ ) ) ‘ .

manuscript. o . :

t

Medical Research for their generous financial support.

My gratitude is extended to the Alberta Heritage Foundation for '

. Finally, :I‘ want;‘to thank sincerely,' my wife,, Afaf, . for her ‘

3 unstinting support, encouragement,.patience_and forbearance.

e

O . - - woL
' o N . . R
~*X e ’ o . . .
: [ L "
[ O
'

I would especially like to thankamr. L. Wang for allowing me to -



v

o )
e I _
f““‘ | . | .
| ! TABLE OF CONTENTS :
\ !
| CHAPTER g - PAGE
© 1. INTRODUCTION | | - , o
" L.l DIETARY FAT | ; - 3
| '}\1.2 ?ATTY ACIDS: BIOCHEMISTRY AND METABOLISM . 5
' 1.2.1 Farty Acid Biosynthesis ; ,  s
ktf IJ.5n\  1.2.2 Féfty Acid Mbdificatiog,ﬁeéhanisms .  | 6 =
"  & 1.2.2.1 Fatty acid elogggtlod" ‘ 6 |
1.2.2.2 Fatty acid desaturation 7
1.2.&.2.3 Trans;fattx acids _iO
‘ ‘1;2.3 ‘Okidgtioﬁ of Fatty Aciﬂs' : 1 ,f‘ 11
1.2;5.I 8—oxidation e ‘€z> - 11
' | ‘1.2.3.2; Lipid pefoxidation IR | 12
N 1;2;4 Fétty Acyl Chaiﬁ PositiOning in’ Phospholipids fl&
1.3 STRUCTURE AND FUNCTION OF CELL'&EMBRAQES , S i?\
'; l.jﬂl' ThevFluid"-‘Mosaié*gqnceﬁt éf MembraﬁekSt;ucture lé'
\ ‘ 1.3.2 ;The‘quoééheéis,of ﬁipids in‘Meﬁbranea S ‘ 19
\
' . ;;F




‘ / ,
' @ ./
- / , - ‘ /'/
' - . // o . .
1.3.3 Membrane, Flmi‘dity /e , e 21
S A J X o ‘ ‘

1.3.3.] Effect. of fatcynacyl chains

1.3.3.2 ‘Effects éé non-esterified (free) \fatty

acids (NEFA) o~ 23

v

1.3.3.3. Effedlts of polaf heads of pﬁbspﬁolipids .24
1.3.3.4 Chdlesterol : 25
, ‘ 1.3.3.5 The protein content * . ‘ .25

. / : ‘
l:3.3.§/iMémb:ane fluidity and cellular function' . 26

1.3.4 Eicdsaébid\?roduction ' . 29

1.4 DIET, LiPiPS~AND‘c0R0NARY HEART‘DISEASE“:‘ ‘]‘} 30

.S INFFUENCPé OF DIETARY FATTY ACIDS ON THE HEART B 34
L%itl /4he Role of tthEicosanoids’ ‘ ‘ . ” | \Al.

'vl.5.2f~R§1e of‘Free Fatt& Acide . 44

£ - ‘ .

1.;43 Role of Free Radicals ‘ B

2. RATioyﬂLE FOR PRESENT WORK ) | o S 47

3. M@T?éiALS'Anb METHODS . T
'sf{ GEQERAL | ‘.A ‘-  S - 50
/4.2 ANTMAL MODEL E . oo so”

// 3ﬂ5 DIET S  , - ' L sy

// 3.4 TISOLATED TISSUES o | - 52

/ _ | .

// - %:4.1’lCalcium and Iqoprénaline " ' b?" 53
// ';_3;4.2‘ Indomethacin L | RN : . . 54
| ‘“i‘ 3.4;3ﬂ‘A116§§r1no} K - f | R - ',54,

: 3'.'4.‘1.' MAnnit‘ol-‘ L o sa

Coix




3.5

3,6

3.7

3.8

'PATTY ACID ANALYSIS

3.4.5 Bay K8644 °
CHEMICAL SKINNING " IR

CORONARY "LIGATION,.

'SARCOPLASMIC RETICULUM (S.R.). STUDY

“3.7.1 S.R. Isolation o ' ;

AN

3.7.2 S. R. ca* Uptake and ATPase Activity

3.7.3 Protein Assay

1

'3.8.1 Prepatation of Fatty Acid Esters from the Diet

' 3.8;2:&Freparation of Fatty Acid Esters from the Tissues -

. 3.8.3 Gas Liquid Chromatography e i .

3.9

. ' 3.9.2 Fat St&qies co

[

'HISTOLOGICAL TECHNIQUES

3;9,1. Hematoxylin and Eosin

3.9.1.1‘ISolutidn&‘required <ft
“ K . 5
- S g ‘
‘ 3.9,1.2»,Stain;ng prdbedure " ///

3.9.2.1 ‘Solﬂtiéns fequiréd

3.§.2.2 SCaihing'proeéduré \ '
3.10  CHEMICALS o
*3.1;' ‘SOLUTIONS
| . 3 11 1 Bretag's Solutibn E
" 3. ll 2 Disruption Solution ‘ . a
f 3;;1:3 ‘ Contracture Solucion . )
jEﬁ;l),é‘ Isolation Medium : ;
R L

55
55

56

59
59

60

61

62

-

63

64

65
65

65

66

66 .
67

68
69

69

70

70

72




©

" or lsoprenaline " . .

) 3.ll.5 Salt Washlng‘Solhclon‘ll 72
"3.11.6 Reactl;; MixCUre . | i '73'
| 3.12 '] ANALYSIs 'OF‘R\}:T.’SU‘LTé‘ , 7
4. RESULTS | co 75
41 FATTY ACID, CONTENT OF THE SUPPLEMENTED DIETS | 76
4.2 BODY WEIGHTS = 76
4.3 BLOOD PRESSURE AND HEART RATE - . To
hub FAT’I.'Y‘ Rcm COMPOSTTION OF ATRIAL aND VENTRICULAR |
PHOSPHOLIPIDS L H | . . | 80
4.5 CONTRACTILE RESPONSES OoF ISOLATED HEART TISSUES FROM'
DIFFERENT DIETARY CROUPS TO INOTROPIC STIMULI 86
‘4.5.1 Length - Tension Relation ‘85
4-5-2, Effect of‘Caz*‘oq Force\of éonﬁractién ln
o IsolateA Heart Tissues , - , . ‘89
4.5;3 Effecc of Ca2+ on Tensioﬂ Development fin .
} Chemically Skinned lsolgted Heart.l%ssues; 92
4.5.4 Effect of Indomethacin on Twitch Tension !
; Developmenﬁ\to Cazf in Isolated Heqft Tlssues 94
4.5.5 }Effect of Bay K8644‘on Force of’ Contraction ln///’krv
the Isolated HeaFC‘Tissues 105
‘4'.6 SUSCEPTIBILITY OF ISOLATED ﬁHEART TISSUES FROM DIFFERENT
@  DIETARY GROUPS T0 DYSRHYTHMOGENIC STIMULT 108
: 94.6.1 Sueceptibllity ;o Dysrhxthmi?'Induceé;by.Caz*_

. 108

_"1"5



4.7 DIETARY EFFECTS ON Ca’* UPTAKE BY THE SARCOPLASMIC
. .

Y
prred ‘ A

i
. —

446.2 Influence of Diefary Lipids on the Respounse of
. Rats to Coronary-Artery Ligation ‘ j 109

\4.6.3 Effect of. Indo'méthwac'in on Susceptibility of
| Isolated IHeartl: T‘isSt;és to Dyschychmia in the
Prese;cevof.Ca2* or Isoprenaline | Y
4.6.4 [Effects of Allopurinol and Mannitol oa the
. Suace’ptl.billity of. Iigolated Heart Tl’saués on

Dysrhythmia "in thé Presence of Isoprenaline 120

RETICULUM VESICLES: FROM ISOLATED HEART TISSUES 127
4,8 'DIETARY EFFECTS ON ATPases ACTIVITY IN SARCOPLASMIC
RETICULUM VESICLES FROM ISOLATED HEART TLSSUES ' 136

b \
4.9 HISTUL()CICAL EXAMINATION OF LEFT VENTRICLES FROM THE

DIETARY GROUPS e ; 143
DISCUSSION e | 153
S.1. GENERAL ' S ‘ 154

5.2 EFFECTS oF BYETaR ARY LIPID SUPPLEMENTS ON FATTY ACID

*

‘ nconrosxrron OF CARDIAC PHOSPHOLIPIDS 154

'5.\3 EFFECTS OF DIETARY LIPID SUPPLEMENTS ON CARDIAC

: CONTRACTILITY . L _ . 158

1

“5 3 (Dietary Effects on Length-Tension Relation 159

_ﬁwS 3 2 Dietary Effects on Contractile ReSponses to

u

ol - s : : 160

P

. _r



-
5.3.2.1 Do dietary lipid suppleﬁengs modi fy
myofibrillar responsiveness to Ca?*? 165
5.3.3 The Concr;cfile Response to Bay KB8644 168
5.4 ~DIETARY LIPIDS AND THE SUSCEPT{BILITY OF CARDIAC TISSUES
TO DYSRHYTHMIAS 170
5.4.1 Influence of Dietary Lipids on Morfalicy Follog{pg
Coronary Artery Ligation K l vl7A
5.5 ;EE'POSSIELE ROLE Of THE EICOSANOIDS IN MEDIATING THE
DIETARY LIPID INFLUENCES ON THE HEART 179
5.6v A ROLE FOR FREE RADICALS . 181

[

5.7 EFFECTS OF -DIETARY LIPIDS ON SARCOPLASMIC RETICULUM‘

FUNCTION . | 184
5.8 HISTOLOGICAL CHANGES INDUCED BY DIETARY LIPIDS : 188
5.9 ‘CONCLUSIO_N : -~ T189
BIBLIOGRAPHY ‘ 191

Xiit



’ List of Tables

Table Page

1

%'

Energy density and fatty acid content of the lipids presént
in supplemented diets 77

Mean body weight of rats before and after feeding fat

augmented diets 78

Mean arterial pressure and ﬁ€$rc rate of rats in the four

dietary groups following a feeding period of 9-12 weeks 79

Fatty acid composition of total phoqpholipids of right

atria fr;h\fOur g}oups of rats fed fat gugmgnted diets f 81

Fatty acid composition of total phospholip£da of left

ventricles.from four groups of rats fed fat augmented diets 83
. .

Xiv



List of Figures

Figure - Page
1 Normalized length;Cension relation of left atria 87
2 ‘Normalized 1ength~cension'relaclon of papillary muscles 88
3 Normalized length-tension relation of left atria and
papillary muscles | 90
4 Concentration vs twitch tension curves for calcium on left
atria and papillary muscles ' o o 91
5 Concentration vs tension curves for c§lc;um on chemically
sk(ﬁned atgia and papillary muscles » o 93
6 Concentration-effect cur?es'of calc;um in the presence of
0.01 mM indomethacin on left atria from four diec;ry groups 95
w7 Effect of 0.01 mM indomethacin on concentration-effect curve ~\~\\\
of calcium on left atria from rapeseed oil grou# . 96
8 Effect of 0.01 mM indomethacin on concentration-effect curve
of calcium oﬁ left atria from sheep fat group . 97
9 Effect of 0.01 mM indomethacin on concentration-effect curve
of calcium on left atria from linseed oil group ‘ 98

10 Effect of 0.01 mM indomethacin on concentration-effect curve

of calcium on left atria from sunflower seed oil group - 99
11 Concentration-effect curves of calcium in the presence of
" °0.01 oM indomethacin on papillary muscles from four dietary

groups ~ o ' . 100



Figure ) ) Page
12 Effect of 0.01 mM'indbﬁechacin on COncentraf$on-effeét curve

of calcium on pap;ilary muscles from rapeseed oil group 101
13 Effect of 0.01 mM ind;methdbin on concentration—-effect curve

-of calcium on papillary muscles from sheep fat group . 102
14‘ Effect of 0.01 mM indomethacin on concentration—éffect!cdrve

of cadcium on papillar; mugscles from linseed oil group - 103
15 Effect of 0.01 mM indomethacin on' concentration effect curve

oé calciQm o papillary muscles from sunflower seed oil group 104
116  Concéntration—effect c;rves of Bay K8644‘on left atria in

the pfesence of 0;75 oM Ca’* | | }06
17 Concentration-effect curves of Bay K8§44.on papillary muséles

in the presence of 0.75 mM ca?t : . ‘ 107
18  The in€ldence of Ca2+—inducgd dysthythmia in atria and

papillary muscles, and the threshold concentration for each

tissue 110
.19 Cumulative pgrceﬁcage of left airia-developing dysrhythmﬁ;J

1n’response to Ca2+. : 111
20 'Cumulative percentage of papillary muéhlga developing

dysrhfthmia 16 r;sponse to Ca* o ) 112




‘Figure

21

22

23u

" 24

25

26

27

28

29

ﬂailopurinol

The incidence ofIIsoprenaline—induéed dysrhyfhmia iﬁ atria

"

and papillary muscles, and the threaholﬁ concentration for'

each tissue . -0
.

Cumulative pércentage of left atrﬂ@?develoﬁigg-ﬁyﬁ?h;thmia

in response to 1soprenalgne ) |

Cumulative percentage of papillgry @ugcleb.devgloping
[ R .

dysrhxthmia in response to isoprenaliﬁe._-43

Mortality in each dieﬁar; group postcofoﬁary ligétion

éﬁmuiative percencagé of left atria deyelopfng dysrhythmia‘

in résponse to Ca2+, and in the presénée.of 0.01 'mM

,_ : A )

indomethacin

. Sy
Cumulative percentage of papillary muscles developing

dysrhythmia in response to Ca2+; and in the presence of 0,01

N

mM indomethacin
Cuhulative percentage of left atria deﬁelopiﬁgrdyarhythmia'

in response to isoprenaline, and in the presence of 0.01 oM

.
-—

indomethacin

- Cumulative percentage of papillary mscles deyeloping :
. S

dysrhythmia in response to isopredaline, and in the presence

- . of O:Ol mM indomethacin

L

Cumulative percentage of left atria developing dysrhythmiavin

4

H

response to isoprenaline, and'in‘thé presence of 1 uM L

R

©oxvii

D 4

Page .

118 &

119

122

123

-4



Figure ‘ ' . Page

30

31

32

33

34

35

36

‘mannitol

! B
"dysrhythmia in response to isoprenaline,‘and in the preéence

Cumulative percentage of left atria developing dysrhythmia -

‘in response to isoprenaline, and in the presence of 20 mM

f Al
AY

124

Effect: of allopurinol or mannitol on the cumulative

percentage of left'atria fron rapeseed oil grOup developing
dysrhythmia in responae to isoprenaline | . | 125
Effect of allopurinol or mannitol on the cumulative petcentagel

of left atria from sheep fat group developing, dysrhythmia in o
response to*isoprenaline . o S 126

o~

Effect .of allopurinol or mannitol on the cumulative percentage

‘of left atria from linseed.oil group developing dysthythmia in

response to isoprenaline . I ‘ 128
Effect of allopurinol.or mannitol on the cumulative percentage
%f left atria from sunflower seed oil group developing

dysrhythmia in response to isoprenaline ' ) : 129

Cumulative percentage of papillary miscles developing

of 1.uM allopurinol» ‘, Sl ‘ . 130
Cumulative percentage of papillary muscles developing
dysrhythmia An response to isoprenaline, and in the presence '

of 20 mM mannitol " .o : ' - 131



37

38

39

40

41

42

43..
A4

45

. 46

Effect of allopurinol or mannitol on the cumulative percentage

of papillary musclcs from rapeeeed oil group developing

dysrhythmia in response to isoprenaline i S -’ ‘1 x’ ‘ ,ijZ,
Effect of allopurinol or mannitol on the cumulative pircentage

of papillary muscles from sheep fat group developing r

dysrhythmia in response to isoprenaline . Al ' . o 133
Effect of‘ailopurinol or mannitoi'oufthe CUmulative petceutage

of‘papillary muscles from linseed oil group devéloping

dysrhythmia in response to isoprenaliﬁg L . 134
i o . . . !

Effect of allopurinol or mannitol on the cumulative percentage

of papillcry,muécleé from sunflowet uﬁgd oil group developiug

dysrhythmia in response to isoprenaline K K 135

Oxalate supported Ca2+1uptake by sarcoplasmic réticulum

"'vesicles from atria and ventricles from thée four dietary groups‘137

Total ATPases activity of atrial sarcoplasmic reticulum 138
. ' = N
Activity of~Cg2+—independent ATPases of atrial sarcoplasmic

«

- reticulum - ‘ : "f C ‘ 140

Activity of Ca2+-dependent ATPases of atrial sarcoplaéuic

reticulum Co R ’ B U UR AR

o

Total ATPases activity of vehtricular‘satcdpléémic‘reticulum ‘ 142

1 L

f‘Activity of Ca +-independent ATPaseg ofmyentricular

sarcoplasmic reticulumﬂ o :f"‘ | 3 ‘_-“v - L Y

Xix



¢ , '
o L) ! , .
o . i
i . “ 1 ,"
- ll?igure e - L Page
N . ' , 2 ' - T
47  Activity of Ca“*-dependent ATPases_of ventricular -
‘ sarcoplasmic reticulum : , : X - 145
Y 5
, . .
+
) »
. ( .
1 . "'
e " "
f {
. .
\ “‘, ,‘ ‘ '
4 * .
N
4? “
N } |
. 5 “ T :
‘ RSN
“ L
-~ r ,“ N B
v [ " ! L -
Loty \ * o~ .
x}( PR N e




Plate LV o S |
1 ~ Myonecrosis and ipflammato;;‘infiifraaiaaliavlaft‘aeagriculér
muscle from rapéeeed‘oil grbu; I'Qb'.' : \;‘
2 A higher magnification of the lesioa in’Plate 1 \
3 “Myonecroaia and 1nf1ammacory infilaéation 1n left ventficalar
muacle from sunflower seed oil grOup* ;‘
.A ‘A higher magnification of the lesI;; 1q Plate 3
5+ Mild cardiac lipidosis in left vencricular muscle from sheep -
fat group (011 red 0) | ‘ '
6  ‘Mild cardiac lipidosis 1n left ventrxcular muscle from linsead
_ oil group (Sudan block B). | | |

List of Plateé

.

Page

146"

‘alllt?.."

148

149
151

152



v
N ! '
. B ) | l
. ) . ' ! ) v I y
‘ ) Wa B
| . . .
. . '
, , [ ! ‘
. o, ‘ ‘ -
.\ .. v
} . . '
. ' ’
-. - . ' , |
) ' ' 2] r ' .
L)
‘ . \ N ’ i
‘ .‘ v A E
4 = '
. . - " ' ' . |
‘ ‘ ‘ . e
. .
F !
- . ! ‘
v , “ ' ' ’
. . .
‘ . . .
. t ’ )
» ' ‘ s - '
'. - y ' . I
| ‘ . 1.  INTRODUCTION .
" . : ' ‘ ’ ‘ ‘ |
, Ps - ' ' ‘ .
. | |
)
N i N N ‘ '
.
) ,
| ) A
B . ' ! I ‘
" ' 4 : ‘ -
. 1 0 '
" ' '
R " . | |
o . ‘ '
) . L ' :
" ! I
1 i ' ' v ‘
« ! ‘
. ' ’
, . -8 . ’
| . . i ' y
. - . f '
f LI ' B ’ ' ‘ B
- . o ' ' . |
Y ' ' ) ' |
v . ‘ \ ’ ' ‘ ’ '
. " - ' ' ' v
o . . . - . '
) ) . & : ‘
. ‘ . N — ! '
. . N ‘
I ‘ ' ) , 0 . '
f . N . ! ’ S h
. A ' ' ‘ ‘ ‘ |
. \ ‘ ) 0 . ‘ t
' . . : * ' ' |
. | l s . . . M
. B o L ! ' ' L ' ! L
- ‘ ' .
o, L oo L ! ) ‘ N . ’ : ' ‘
. L. T ' o ' ' .' | |
i ' . . ' ' ' y' -
N . v | . ‘ . ' . . . ' ' ' ' '
1 0 ‘ ’
- . i N . ! o ' . ‘
+ . ' ’ | :
‘. v . . - 0 ’ . ' . - ) * '
o P——— - ’ ‘ v
' . . " o ' l .
Lt v 0 . . N ' - ! ! ' ' ’
. . ot < B . ’ ' ) . ‘ ' )
1 » o . ! ' ' ‘ ‘
H ; . . o ' K ‘ .‘
RV P : v > V .
AU ) . M t + N " ! L M ’ X n :
. * ‘s b W Wl ‘ . ' ‘ ! . o




N‘"

Lipids form a group of compounds with extremely varied chemical

‘nature.- Fatty acids are the‘main‘consituents of‘food fats and olls as

~well as of depot fat 1in man and animalsi They are composed of carbon
 hydrogen _and okygen. The. carbon atoms form ‘a chain varying in length‘

from‘d to- 26 carbons. At one end of the chain a carbon atom forms a

[
i o U

methyl group, and at the otheroend the carbon forms part of a carboxyl

group{’ 1f the carbon atoms which form the body of the” chafin have their

L.

tho remaining valencies occupied by hydrogeﬁlatoms,ﬂthe molecule is a
‘saturated fatty acid. 'If,x'on the other’ hand one vhydrogen atom‘ is
missing from each of two neighbouring carbons, a double bond is formed-
‘.betweenv eheseﬁ two carbon‘latoms and the fatty acid s ssid td . be.

monounsaturated. The fatty acid 1s polyunsaturated if two or more

) [
| * M
R

double bonds are formed in the carbon chain:

The! older nomenclature for fatty acids reflected natural origin of

many acids,Abut gave little.indication of structure; A more systematic

descriptive system has been introduced based hpon chain length and

'degrees  of unsaturation (tUPACﬁIUBu Commission" on Biochemical

Noménclature, 1976). For example, palmitic acid, a saturated fatty acid

,‘with a chain length of 16 carbons, is. designated by the symbol Cl6 0.

The terminology fdr monounsaturated and polyunsaturated fatty acids

A
v

f
‘ takes into consideration, not ‘only" chain length and the number of enoic

*

'bonds present, but also their respective positions on the chain. The

positions of double bonds are indicated by the symbol A, w or n followed

lby one  or more numhers giving their position on the carbon chain.' R

"'

v“"
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Carbon atoms msy be numbered grom the carboxyl (A nomenclature) or from
Q

14

‘the methyl (w or 'n nomenclature) group. : Linoleic acfd can. be‘

represented as C18:2A9, 12 1ndicsthg two double bonds, -the first one

located on the 9th csrbon, counting from the carboxyl group and the,‘

second one on the 12th carbon. - The formula Cl8:2,w6— could also

designate linoleic acid where the first carbon bearing a double bond is

number 6 c0unt1hg from the methyl group.. . In this ‘thesis the latrer

N

‘terminology Qs adopted and the symbol A 1is used only to indicate the 4

N, . ~

-site of action of desatursse enzymes.

1.1 DIETARY FAT o ' _ : )

, Fat. congtitutes as much’ ss 40-502 of total caloric lntake for

Northern Amé%icansrﬂfkiéld“snd Clandinin, 1984) and 1s _composed of a_

- varlety ofddlfferent'types of compounds Vary1ng invphysicél properties.
Dietary fsts contdin practicsllywno free fatty acids. Instesd these are
present in the form of*triscylglycerols consisting of one‘nolecule of
glycerol snd three molecules of‘fatty acid at a, B8, and «' positions. H

' 1he fstty acid distrlbutlon onf the glycerol moleculesy in onature
seems not to occur by chance. It is nou knoun that, for certain types

of fats- there 1is a |preferenCe for- certain fatty acids to occupy'

‘positions a;‘BVOr a‘{"In cow s milk butyric acid (04 O) is found mainly

in. the a' position -snd stesrlc ‘acid (618.0)-. vthel a position
‘:(Breckenridge,’1978) ln‘human milk unsaturated scids occupy mainly
‘the [ snd a' positions (Breckenridge et sl., 1969). The position of the

foa

particular.fstty’acids ln‘triacylglycerols‘is of si;

ficance durlng‘the

S

Y

N
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‘digeation and absorption of fats when monoglycerides and diglyceridea

-
"

‘are formed. ' It g of 1mportance also "during ‘t ‘formation of
. -
phoapholipids in the, body, where enzyme activity may be specific for the

i

c‘different positions on 'the glycerol molecule. Thia will be discuaaed
. , . . ! " . "
later.

Fats .of animal origin have p high percentage of eaturated fatty

N

acids (butter contains about SOZ) while vegetable particularly corn,

‘soybean and sunflower seed olls,}pontains less than lSZ satutated fatty

acids and more than 5SZ polyunsgdturated fatty acids (Sheppard et al.,l

2!

1978). A recent report by.Block et al. (1985) identified beef as the/

most importaht single contributor of fat 1n the US diet, 5§ being the

, - 4 ' f

source of 18~202 of total saturated fat consumed by the average

[
|

" individual. . The same réport‘shoned‘a decline "in the conanmptioﬁ of the

( | el

mor% expected”30urces of fat; éuch as. butter (2.42 of‘total tat) “and"l

that was accompanied with an increased consumptlon of margarine (4.5% of
total fat) v ‘ _ ' o
Althoqgh ‘technical problems sgurround ’the meaeurement or dietary
' 1ntake, there is’ strong evidence thatlindtcatee a change in. the, North~

\

‘American -diet betweenﬁvthe late 19508 and the mid 19703. l Foodi

consumbtion data”pr6vided by‘Friend et al (1978) showed a decline in'ﬁ
the purchase of whole milk and cream py almost 252 and the dse of butter
.-br over: one thirds The per capita consumption of egga hdl dropped by

: h'approximately '15% during this period. of mqgor note 18 that qpnsumpttonﬂ

tof vegetable fats has increased by almost 75%.~,

e
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1.2 FATTY ACIDS BIOCHEMISTRY AND METABOLISM

ﬁ'*'-;g_y’ L

l.' 1.251' Fattj Acid Bioeynthesis

"}\»\r‘ . ’l’he exiqtence of a sensitiye_ and multifaceted’ control system for
' h oy B

C;% tatty ‘acid, synthesis hag been recognized for many years. Fatty aclds

-~
“

arel stored as neutral lipids in the form of triacylglyherols. A balance

18 expected to be maintained between (1) the storage of fatty acids as

Yo

triacylglycerols and (ii) the synthesis of phospholipids as essential
membr.ane comppnents. The fatty acids required for these l1pids can be

derived "either from a dietary source or from de novo synthesis.

Satu“rated and w= 9 monounsatumated fatty acids can be derived from either
A r . .

source’ but: polypnsaturated fatcy acids (w-3 & w—6) 1f not consumed

W

N directly_, c'an‘only ‘be der-ived_ from .dletary 1linoletc (C18:2,w6) or a-

linolenic.acids (C18:3,w3) (Jeffeoet and James, 1984) which {n turn have

w ‘ » '

beens derived directly or indirectly from'a plant source. Since these

fatty aci)l‘s can not be synthesised by animal tissue they are referred to

ey

’lhﬁ'-"essential fatty acids”. The chronic deficiénfies of these fatty

acids from the diet lead -to a long list of s (ms (Alfen-Slaten and

1 J

—Aftergood, 1968; Holman, 1968; Holman, 1970; Soderhjelm et al., 1970)
and the elinical nanifestations ‘range from parakeratosis to reduced
_g'rowtn rate and 1increased suscept’ibltlity to bacterial ‘infection (Van
Dorp", l971)'. Other effects ”‘rep'orted were reduced myocardial

contractility (Ten Hoor et . al., 1973) and abnormal platelet aggregation

(Hornstra, 1974).
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In most organisms, the primiry product of fatty acid biosyntheais
Is palmitic acid (C16:0). it i{s from this common precursor’1hat most
o&her - fatty ‘acids found in membranes are forméd by elongation and
desaturation (ThomPson and Martin, 1984). Since palmitate itself i; a
major membrane fatty acid species, under certain cénditlona a cell could
theoretically médify its fatty acld composition by adjusting the ra;é of
’}urther modification.

The basig reactions of fatty acid biosyﬁthesis are the same {in all
organisms. The initial blosynthetic step is a conversion of acetyI'Co A
to malonyl—ColA by tke enzyme acetyl—-Co A carboxylase (Numa and Tanabe,
1984). Two carbon ségments of malonyl-Co A molecules are then

sequentially condensed together in a multistep pfocess catalyzed by the

fatty acid synthetase systems (Alberts and Greenspan, 1984).

1.2.2 Fatty Acid Modification Mechanisms

1.2.2.1 Fatty acid elongation

Most cells'contain a significant proportion of fatty acids which
have 18 or more catbon atofs, with the longer chains being major
components of certain speeialI?hQ\ tisgues, e.g., myelin of mammalian
brain containd_highwlével of éZ- ;nd 24— carbon components (Thompson,
1980). » ’ |

There afe two  enzymatic .;ysfems which’ carry out elongation {in
eukaryotfc cells. A system associated with mitdchogdria involves
reversing' some of the reébﬁions of the R-oxidation pathway. ' Thus,

B-oxidation and eldngation both make use of acetyl-Co A acetyltrans-

-



fe. 2, 3 hydroxyacyl-Co A dehydrogenasé, and enoyl-Co A hydralcase with
thfference being in the _final step o‘f fatty acid elongation which
utilizes an enzyme, enoyl-Co A reductase, which. is not a pt.lrt of the B~
oxidation system (Hi’nsch and Seubert, 1975). ’ghe physiological
significance of this particular pathway 1in controllilng cellular fagty
acid compoeitioln is queetionaple, since it exhibits {ts highest activity
towa;-d 8 or iO caijori Co A derivatives and appears to be inhibited by
'stearoyl—’end palmitoyl-Co A (Hinsch 5&,8}5. 1976).

Although few' details are known concerning the‘ enzyme systems for
microsomal fatty acid elongation, it appesars ‘thac this ma; be the most
important source ?\;f longer chain (C18 to C24) fatty acids 1in many
tissues (Thompson, 1980). “The substrate for the éhain-lengthen1ng
reattions was shown by Nugteren (1965) té be the ‘acyl-Co A derivativés.

-
The pathway startsl wit‘.hﬁthe éondensation of acyl-Co A and malonleCo. A,
followed by a reduction, dehydration and a .secondl reduction to yield a
'chgin longer by two carbons “(Je‘ffcoét and James, 1984). Substrate
specificity vafies markedly from one cell .‘type' to another. ‘Svtud‘ies on
rat brain 1ndli.cated tbat the preferred substrates were ‘y-linolenic
(C18:3,-6) (100%) > palmitic (C16:0) (75Z) > arachidonic (C20:4,w6)
(ﬂﬁﬂ-‘-‘lfnﬁlenic (018:3,(.)—3) (30%) > linoleic (C18:2,w6) (10%) (Cook,

1982). : o ‘ O )

1.2.2.2 Fatti acid degsaturation

-
The introduction of double bonds ‘into the hydrocarbon chain of a

fatty acid is considered as one of the important means of regulating

‘me'mbrane fluidity (Stubbs and Smith, 1984), The reaction involves the

o

\ .

’ -



dehyd(ogenation of two adjacent carbons in the fatty acyl chéin;gith a
high degree of po‘si‘ti'onal' specificity. Although recent studies have

been focussed on hmammalian cells, early studies were carried out using

-

Euglena gracilis (Nagai and Block,' 1968). Elxtracts of this organism
were éble to convert’ stearic aci;i into oleic aéid (Cl_&:l,w‘))‘by "a
reaction that required both reduced pyridiné nucleotide and molecular
oxygen. Subsequen(:~ frac;ion;tion of these extracts regulted in h;he
first evidence that .he desaturase was not a single enzyme but :aae
composed of at least 3 indiilicliual proteins: an NADPH oxidase, ‘a non haem
iron sulphux; protein, ’ferredoxlp, and the desaturase. i-‘urther studies
demonst'rated that incorporation of saturated fatty iacide into
triacylglycerols prevented the QEGaturation, and established tha*: the
true substrates for mammalian desa‘turatels were the .coenzyme—4 ‘evstei's
(Rajlu and Reiser, 1967; Strittmatter et al., 1974). The only e;(ception
_is the observation of Pugh and Katfee (1977) that the As—x_‘leaaturase of
rat livér .cat; aét Aboth on the'%;nzyme-l’; ‘or phospholipiid ‘form of
eicosatriéﬁoic acid ‘(C20:3,w6) to form arachid'oqi‘c' aclid.

The desatur'a‘tion of saturaged fatty acids to form monoenoic acids
is éatalyzed.‘ by 2%-desaturase (Jeffcoa;t, ‘1977): and it 1s stronély )
believed thy stearoyl-Co A is th§ prefert:ed substrate for this enzyme.
;(Morr:‘lsv',‘1'970; James et al., 1977). |

In éon;rast to the f'A9~desaturqse, éhe YAG-\ and'AS‘d'esatt.x‘rases (and
’m:a“y be the A"v-desaturvase) ‘are: regsponsible for the converéio;\ of',"

essential polyunsaturated fatty acids of the w-3 and w-6 series into

i



inoré unsaturated acids (Jeffcoat and James, 1984), These'workérs

summarized the types of reaction as follows:

’ B
6 Elongase

A
Linoleic acid —» y - Linolenic acid—e\—‘—-) Efcosatrienoic acid
(C18:2,w6) (C18:3,w6) (C20:3,w6)
. AS desaturase
. . _ Arachidonic acid
- ' c / (C20:4,w6)
_ - . a8 s Elongase A
a — Linolenic acid —— C18:4,03 ———>C20:4,w3 ——> C20:5,03
(C18:3,w3) desaturase ; desaturase ‘

/

The As-deeaturase acts on. both linoleic ééid and’ a;linolenic acid,
although the latter was foun(‘i, to ‘be the preferred substrate! (Brenner
and i’eiuffo, 1966). Therefore when both acids are present there “1s
competition for the two substrates. In the Western Diet the p_ri.ncipal
sﬁbstrafe is linoleic acid (C18:2,w6) (_Philipéc;n et al., 1985), and
therefore arachidonic acid is formed in substantiai amounts.

Jeffcoat,and James suggested that und’e_e'r- those ‘circumstan‘ces‘whe're -
neither linole‘i.'c' nor a-linolenic acidsl are adﬂequafely present in the
Qi‘et (essential. fatty acid deficienéy), then the substrate for AS- -

.8

desaturase is oleic acid: o ‘ . o




A

10

9 ‘ 6

A . A Elongase
Stearic acid ——> - Oleic acid ——>5 (C18:2,w9 ———3 €20:2,uw9
.(C18:0) . desaturaee (C18:1w9) desaturase :
‘ AS lfqpaturase
C20:3,w9

. It 18 now generally believed that there exists a A ~desaturase ln'
thé rat and human testes (Albert and Coniglio, 1977; Albert et al.,
"1979): : ‘ T

8 5

Elongase o A A
) C18 2,m6 —_— C20: 2,w6 —3 C(C20: 3,w6 —— C20 &,m6
desaturase desaturase

The existence, hodéver, of A" desaturase remailns controversial.

(Budny and Sp:eéher,-1971;lPrasad and Joshi, 1979; Slack et al., 1979).

1.2.2.3 Trans - fatty acids
Partial hydrogenation of vegetable oils modifies the chemical and

physical: properties of their fatty acids with the transformation of the

. naturally produced cis-unsaturated fatty -acids into. trans-isomers.

These new tjpes of fatty dcids are present in the different varieties of °
margarines and shortenings in use. . Trang-fatty acids adopt & llnear
configuration in contrast to the cur#ed éonfiguratign of the cis- -

isomers. Such fatty acids ‘have been discovered in a number of plant

lspecies,‘maihlj in seed fats but -also 1in 'leaves. 0il .seeds used for'

o

'vegetable fat production were not - found _tb“CQntain trans—isomers

r

(Sommerfeld, 1983). - There have been two reports that some varieties of

rapeseed oil 'coﬁ;ain/ brassidic. acid (trans-erucic acid, C22:i;w9)

. (Hartdan, et al,, Turchetto and Lorusso, 1977), althdugh,thié'has also

~ been 'déhied (Fng?ty ét al., ‘1978).'-»'0n the"othet hand,; trans-

unsatutated fatty acids are found. in animal fats. In most animala, they

. originate ftom -cheﬁ«diet, although in tuminants and maraupials these

.
Y
A

A
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fatty. acids are synthesized in thF rumen - or rumen—like stomach by

microbial hydrogenation of polyunsaturated fatty acids (Niehaus, 1978).

One aspect of trans—fatty acids that "has received ‘attention 1is
. £,
P
their influence on polyunsaturated fatty acid metabolism, in particular

!

'the ability of trans-~ trans—C18 2,06 vto_‘inhibit the elongation and

desaturation of -linoleic acid (Kurata and. Privett, 1980). Like the

G
-

trsns4trans-dienoic acids, trang-monoenoic acids will 1nhibit the
conversion of linoleic to arachidonic acid (Mahfouz et al., 1980) with a

subsequent effect on eicosanoid production.

o

The rate of metabolism of trans- fatty'acids via the B-oxidation ‘g

pathway was slower in mitochondria isolated from rat cardiac muscle

’ (Lawson and ~Kummerow, 1979), and 80 the availability of only trans

-rather than cis-isomers during periods of increased demand for energy is’

likely‘uto be a limiting factor with serious 'consequences (Kummerow,

1979).

1.2.3 . Oxidation of Fatty Acids

1.2.3.1 B-oxidation

Under - normal aerobic conditions, the energy requirements ‘of the

‘

heart are met preferentially by oxidation of free fatty acids (Katz and

~Messineo, 1983) which are trapped in cells in the form of fatty
. (acyl) eatera containing coenzyme A (acyl-Co A) or carnitine (acyl- '

Lcarnitine) (Groot et l ' 1976) The Aacyl-Co A may be either

-

*fincorporated into triacylglycerols while in the cytosol or broken down '

"-to form acetyl Co A by B-oxidation after transport into the mito- -

.““
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chondria. 'Normally,‘oxidetion predominatee with the formation of the -

two carbon fragment acetyl Co A (Bremer and Osmundsen, 1984), which is
readily 1ncorporated into the citric acid cycle and oxidized to carbon

dioxide and water. ' R L ’
1.2.3.2 - Lipid petoxidation ,

r 4 ' . ' N
The generation of free radicals is virtually ubiquitous in. c€ells

’ Rt
(Thompson, 1984), and there is accumulating evidence from both plant and

¢

animal systema that harmful free radical reactions .contribute to aging
(Harman, 1981). : Free ‘radica18"cen be 'fermed enzymatieally Abyi
‘mitochondrial respitation‘ (Nohl et 'al., 1978), the enzyme xanthihe
Q;xidese (Harmen, 1981), ~as v¢e11 es‘ through nonenzymatic reactlone- of‘ N
oxygen~ with otgenic' compounes (Mead, 1276). ‘ in‘ enzymatic reactions’
involving oxygen,‘ the superoxide anion ‘(027) is the rauieal speciee
forned, andk it_,spontaneously dismutatesv to give,K H,0, and oxygen as

T —_— : : >

.

follows:

02- + 07 + 2H » Hy0, + 0,
Hydrogen peroxide and superoxide then in turn react to form the hydroxyl
.radlcal (OH°)

K 02_ + H2‘0‘2 "OH- + bHo + 02

' cr
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‘lt 19,knOwn‘that'polyunaaturatedrfatty acids such as‘llndleic aeid

~(c18: 2,w6) easily undetgo peroxidacion giving . rise to free radicals,

4

y-hydropetoxfdes, endoperoxldes and other products (Thompson, 1980,

\

L Brisson, 1981) ‘ ,

‘ 6
f ; H . H
CH3(CH2)“CH-CH—C—CH-CH(CH2)7COOH L

(Linoleic acid)

H S . o T
. .
PR S : h .

' CH3(CHZ)uCH-cH—¢°+cu-CH(CH2)7coon\ﬁnv - ‘7“vf

B O0H . o N
| CH3 (CHy )y CH=CH~C~C H-CH(CH2)7C00H
' ¥
Hydtoperoxide

“Vsnch ptoﬂucts could 7cause damage"to biomembranes landa‘thelff

1ntracellular organelles, and the nature of this damage may be varied,f

'(Tappel 1973 Oater, 1980) In experiments done on plant cells freefi‘ .

‘radicals stimulated the deacyfation of - membrane phOSpholipids, and‘ﬂ*

“promoted a phase separatlon wlthin the bilayer resulting in a mixture of'f

'ug v".“ - “,‘.~ s
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_‘liquid crystalline and gel phases (Pauls and Thompson, 1980)
‘ Under normal conditions, the cells are protected ‘against'_free
';radicals ~and flother harmful peroxidation ' compounds by natural

antioxidants such as vitamin "E, and - enzymes‘vsuch‘.as‘ superoXide-

dismutase, catalase and‘peroxidase (Thompson, 1984).

"

ﬂ‘l.2.4 ‘ Fatty Acyl Chain Positioning in Phospholipids‘

Phospholipids are diesters of phosphoric acid, ﬂand constitute an;
‘uimportant ‘group. of 1ipidic compounds.‘ CA great proportion ‘of ‘the p
phospholipids found in animals and 1in plants belong to the family of<
phosphoglycerides. Ihese compounds are formed by sthe esterification of .
' diacylglycerol with phosphoric acid _and their classification is based
. on .the particular residues linked to the phosphoric acid molecule., The;
are called phosphatidylcholine, phosphatidylethanolamine, phosphatidyl—‘
| 1nositol and phosphatidylserine. Clycerophospholipids constitute theﬂ
major lipid component of membranes.‘ A given membrane ‘type"contains'
‘ different phospholipid classes in fiied proportion while‘ anothen
' membrane in the same cell might be quite different in its phospholipid
;’distribution (White, 1973). | : x 7" L ‘1“".“y
There is widely held agreement that the enzymes catalyzing de novo '
synthesis of glycerophospholipids from fatty acids and water soluble"
. precursors are partly responsible for the nonrandom placement of fattyf,
- facids in the final products (Thompson and Martin, 1984) « This view s

@

supported by the fact that all phospholipid precursors (starting with‘ “

e

‘_.phosphatidic acid) do contain mainly saturated fatty acids in their

g a—position and unsaturated fatty acids in their B-position (Brisson, “ o

‘ o
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?.l§8lj.,‘ The mechanism‘ or this specific positioning has not been
explained. Bell and Coleman (l9é6; studied the enzymes that catalyze
the sddition of the first acyl group to glycerol 3—pfosphate.v Their
work indicated that the relative activities of the microsomal and
mitochondrial enzymes vary from tissue‘to tissue and also during cell
differentiation.k The two enzymes differ in a number of ways, including
their specificity for fatty acyl-Co A (Halder et .al., 1979). The
mitochondrial acetyltransferase was shown to prefer ‘saturated acyl
‘chains, while that associated with microsomes showed little selectivity‘
between‘pslmitoyl Co A’ and oleoyl Co A. ' The addition of the second
fatty acyl group to ly80phosphatidic acid is carried out by another

distinct microsomal acyltransferase enzyme, which has a preference 'to

place unsaturated fatty acids in the ﬁ—position (Bell and Coleman,

1980)
It is still uncertain whether these or other enzymes exhibit an in
vivo preference for substrates having a specific acyl -‘chaint

composition; Also, the relative importance of de novo synthesis vs. ‘

-~ hl l

deacylation - reacylation in determining the final steady-state
‘phospholipid acyl chain distribution remains unclear.
The relation, between acyl- chain turnover and phospholipid’

'bioaynthesis is summarized (Irvine, 1982) ss follows. o



16 “’

OR, o ,  (OH-
. Phospholipase A '
Rzo - ‘ —> R20
P—x - - ‘| - g
Ry - "
OH . Rl or R2
‘ ‘ -P —x (Free fatty acids)
Lysophospholipids
~ acyl—-Co A hydrolase
/(//ff"—f—‘~\\;:§%rvkz N
Acyl-Co A é—— +ATP+CO A-
- synthetase |
» - : ‘ ‘, o ‘ S ‘ ;
HO, S o ©. [OR)
Co BPe—x , ' L ‘ R,0
ot Rl‘ or Ry P—x

P = Phosphate group’
Base (e.g. choline)

x -
[}

K



e V4
' ' ‘ ‘ @

If-one considers the striking differences 'in fatty acid COmposition
among phospholipid classes from the same membrane, it becomes easy to
realize that phospholipid headgroups ;influence ‘the specifioity of
acyltransterases during reacylation_(Thompson”and Martin, l984>.. Recent‘
investigations Mindicated a Acompetitibn ‘amoné different phospholipid
classes for certain fatty acids. Murine 1eukemia cells were' found to
incorporate ‘1 C—arachidonic ‘acid initially into‘ phosphatidylcholine
(Kannagi et ‘al., 1982).. The ‘arachidonate,"with time, wasl gradually
“transferred ' to\‘ phosphatidyléthanolamine)f most probably .through’
acylation;descylation; . This time—dependent “selectivity during -
reacylation may be explicsble by the, finding of Okuyama et al. (1975),
‘that acyltransferase selectivity is ‘determined ‘in part by the

R v, ‘ . : .
concentration of the lysophospholipid acceptor. . ‘ . ,

1.3 STRUCTURE AND‘FUNCTION OF CELL MEMBRANES

Over the first four decades of this century, substantial amounts of‘

qualitative evidence indicated that surface layers ogs;he cell must be
“ ’ .

predominantly lipid This arose partly from the permeability studies of
~such investigators as Overton (1895), and partly from the provocative
evidence obtained through the experiments of Gorter and Grendel (1925)

v"It began with the postulation that membranes were, in part 1ipoida1 in
character, since hydrophLbic molecules were known to penetrate membrsnes':(-
‘more easily than hydrophilic ones. However, there was}much doubt as to A

| B whether the membrane was a homogenous lipid layer, or a mosaic \ofrlmh

ke different components with the possibility Qf' containing substantial .)
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e
pores.’ In 1935 Danielli and Harvey were ab‘ie to show that protx

adsorbed strongly to lipid Surfaces even when * these lipid surfacea were -

.of low surface free energy. Theae observations led to the concept that

»

proteins mig};t -be an associated part of cell membranes..' Danieili and,
(-~ A : :
“Davson (1935) were among the first to contemplate protein as a membrane

component. They proposed a model in which the phoaphoiipid molecules

were arranged in euch a way that fatty acyl chains were directed towards -

-‘the inside: of the bilayer, while the polar head groupe to. the outside to
which globular proteins were attached. This model was 1ater modified to

‘ inolude proteins extending through the thickness of the membrane (Davson.

and Danielli, 1943). With the advent of electron microscopy it‘was

possible to recogniie the uitraatrnctural features of membranes
(Robertson,_ 1959). Most of these studies were of membranes of myelin
but the membrane ‘model proposed usuarly referred to' as the unit~

membrane hypothesis was 'suggested as ' the "basic structure ;of all cell

'

mémbranes. - : -

"1.3.1 The Fluid-Mosaic Concept of Membrane' Structure
T T \‘ ‘ ] iy = »; . .‘ )
The fluid mosaic model has evolved" by a series of stages from an

earlier ‘version (Lenard' and I_Singer; "1966' Wallach " and Zahler,. 1966;

‘ "Claser et al., 1970 ,Singer 1971) ‘ According to’ this theory the matrix ‘
of cell ‘membranes is a bilayer of phospholipida to which two categories..
‘ . o

;nof protein are bound either adsorbed by predominantly polar forces‘

A

"‘(peripheral proteins) ‘or interpolated into« the bilayer in direct contact

‘.

, ‘with the hydrophobic region of the membrane (iptegral proteins). The

Y
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structure 1s thought to be fluid 1in the sense that inoi?idual moiecules
gare able to diffube readily in the plane of the membrané to forﬁ-regions
of distinctive affinity or character over the membrane surface. At
least two parameters are believed to perticipete in determining membrane

flutdity: cthe rate of differeat motions of molecular elements, and

ordering of the hydrocarbon chains (Brenner, 1984}.

1.3.2 The Topogenesis of Lipids in Membranes

The term "lipid topogenesis™ was used by Bell et al. (1981) ps a

categorial“ term for those intracellular processes occurring
'u

simultaneously with or shortly after the synthe is of complex 1ipids.
4 ?

The earl events of 11ipid topogenesis 1nclude 1ipid synthesis, the
y AP , .

/
£

integration of lipids .into membranes, and 1lipid translocation ‘aeross(
' ' ‘ et ‘.
membranes. Later events 1involve lipid movement to other membranes and

structures, the sorting of different complex lipids from each other to

~, N

assemble structures with™8istinct 1lipid compositions, and che formation
. 53 ’
and maintenance of 1ipid asymmetry within biological memﬁra,és ad@ other
structures.

In addition to glycerophospholipids, membranes ,contsin‘ other

‘ o ‘

varieties of lipidic compounds. Sphingolipids congtitute .one group of
compounds that resembles glycerolipids except that a long-chain amino
alcgﬁol (sphingosine) replaces the glycerol in the pivotal position.

b%
Sphingomyelin has a fatey acid amide bonded to the amino group” of

"sphingosine as well as choline in phosphodiester linkage to the terminal
' - W

hydroxyl® group\ (Quinn, 1976) The content of sphingomyelin varies
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considerably 1nﬂmembranes from diverse sourcee:‘but in many syétems, the
sum  of the two chollne-coniaining liﬁids, sphingomyelin n;d
., phosphatidylcholine, constitutes about half of the.total phospholipid
although thé molar tatio of these two respective components varieas
considerably (Barenholz and Thompson, L980). -In most organs, the ratio
of phoephanidylcholine>to'ephingomyelin is fairly constant in the same
organ 6f different mammalian species (Barenholz, 1984). This {1s not
true for, brain, an organ rich {n sphingémyelin, where large variétionﬁ
in this ratio bechen various species are found (Rouser gg_gi.;-l972).
E?Ceramides tonstitute a class of sphiﬁgoiiplds that lack phosphoric
acid and choline. Estecrification of sugars through the ;erminél
hydroxyl group of sphingosine gives rise to the separate class Qf'
glycolipids (Brisson,'1981). - These sugars can be either simple in
structure, possessing only a single galoctoeyk‘residue‘(cerebrosides),
or complex ollgosaccharides containing neutral and charged amino sgugars
(gangliosides). The plasmalemma contains most - of the cellular
aaggglyCOliﬁids: these 1lipids are &ot usually found in mitéchondrla,
“ endoplasmic reticulum or nuclear membranes (Quinn, 1977). Cholésterol
is an important component of‘membranes in all mammalian gells (Cooper
and Strauss, 1984), and its role'§111 be ‘discussed latef. Mitochondrial
membranés are characterized by the presence of catdiolipin‘
(diphosphatidylglycerol-DPG) which islcoﬂfined almost enFIrely to this

organelle and is located predominantlg in the inner membrane (Green et

i!-_., 1982)0 : ’

t ' . $
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It 1s still unclear the way by which these complex 1ipids are
integrated {nto the different membranes of the cell, and little
information exists on the topography of complex 1ipid ‘synthesis in

organelles such as Golgi, mitochondria and peroxisomes.

1.3.3 Membrane Fluldity

In the pasF"decéde the”functional importance of membranes in many
biologicél proceéses‘ has been widely recognized. Many enzymes,
receptors and transpbrt proteins are situated in membranes and are under
potentiai influence 6f the bhysical state of the membrane lipids. .It is
then ‘'obvious that the phospholipid bilaygr ptoyideg more than ; barrier
to the free flow of ions and solutes in and out of the cell. | ﬁosc‘
membrane enzymes studied require the lipids to be in a "fluid” state foé.

optimum activicy (Stuﬂbs, 1983; Spector and Yorek, 1985). The term

fluidity 1s largely used in membrane literature and 1is 6 sometimes

LI
-

confhsing. The term fluid refers to the physical state of the

phospholipid ‘acyl chéins when the temperature is above‘the‘ge1~liquid
»

crystalline phase transition temperature (Melchior and Steim, 1976).
Below ‘the transition tempefaturé.(TC) the fatty‘acyl chains are packedr

—together 1in an ‘ordered, crystalline form; above T. the chains become
N )

more ﬂdisordered‘ due to tﬁé flexing of the chaih at the higher -

temperature (Shinitzky, 1984). The temperature--at which the phase
transition 6ccdrs is chafacteristic of the fatty acyl chain and

phospholipid. head group, ‘and 48 also affected by other membrane

components such -as choiesteiol and‘protein;(Rittenhouse,‘gg al., 1974;
’ : S : ' y

(Y



Huarg and Mason, 1982; Sfubbs, 1983; Brenner, 1984; Shinitzky, 1984).
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1.3.3.1 Effect of fatty acyl chains

Fatty acyl modifications can influence the degree of ordering in

”

the hydrocarbon core’ of the 1ipid bilayer. Components directly.

affecting the physical properties of the acyl chains are ‘the
\ ) I o )’ .

unsaturation and acyl chain "length (Stubbs and Smith, 1984). Effects on
| , A
‘membrane structure “can" arise both from‘changes in the esterified fatty

acids and»\from interaction ‘with non-esterified fatty acids (Stubbs,

1983). Pho\s‘\pholipikds containing fully saturated or trans—\;nsaturated

_acyl chains can pack together tightly (Seelig and Waespe-Sercevic, 1978;

Brenner, 1986‘,). On the other hand- the introduction of ‘a cis-double
bond into a phospholipid acyl chain resulcing in a rig_fd bend 1n the

otherwise flexible chain, induces a marked 1ncrease in specific volume

which 1is expreésed as an lncrease of fluidity (Seelig and “Seelig,"

\
V

1977). The double\ bond has the greatest effect when 1t is introduced

‘into a fully satut\?ted chain (Herring et al., 1980; Stubbs et al.,

1981). The degree&of unsaturation “ of,phospholipid acyl chain 1s

determined at the le ei of membrane biogenesis, where ‘fatty acids are -

selected in the process  of ‘phospholipid biosynthesis, and where enzymes

manipulate che number oi double bonds (Oshino and Sato, 1972) and ‘the .

length (Dickens and Thompson, 1982) in the available pool of fatty acids

(see sections 1.2.2,1 and 1.2.2.2). Exchange prpceeses can also.,induce

.a net change in the overall degree _ of unsatdtatior‘i. (Wirtz and

- >
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Zilversmit, 1963; 1969; Jahnig, 1984). The position of the cis double

. ,
bonds in dienoic fatty acids influences their melting poinca, the nearer

ot

che double bonda to the centre of the chain, the lower the melting point o

(Chriatie and Holman, 1967), e. g. linoleic, acid (C18: 2,w6) has a melting
| point of -8°C while Cl18: 24»13 fatty acid melts at 34°C. Barton (1975)
showed. that . the phase transi;ion ‘temperatures of a eeries of
phosphatidylcholineb synehesized from the complete eeries of C18:1 fatty

acids reveal a similar influence of the position of the double bond.

1.3.3.2  Effects of non—esterified (free) fatty acids (NEFA)

“

\
Free fatty acids in membranee may arise from exogenous ‘sources, or

from the memorane phospholipida by the action of phospholipaées ‘(Stubbds,
?83). The phospholipases Al and A, are capable ofvremoving:che fatcyl"
acide attached to the «a and'B positioné.of alphosoholipid‘reépectivelf‘
(Van den Bosch '1980). Due to their amphiphilic nature (containing both
hydrophilic and hydrophobic gtoups), they can partition into different‘.
lipid domains of cell membranes (Katz and Measineo, 1983) 'Klausner et
al. (1980),found'that Eigjunsaturatedbfat;y acids preferentially enter
and diséupt fluid ateas;of t;e.lipid'me:brane, whereas Eggggfunsatu:aced
and aaturated fat;y ‘acids enter the more organized gel regions% wnere
they produce less disruption. Palmi;ic acid inhibited, whereas oleic
‘acid“.stimulated sodiwm dependentv celcimm uotake' by 'purified ‘cerdiac
“eatcolemmel vesicles (Asﬁavoidi et .%1., 1985). The ;nysical and
'  biochemical properties of cellular membranes could be’ influenced by

NEFA. n_ ~this - respect, ﬁh w‘intetfetenee of NEFA with unormal
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mitochondrial function has been known for several decades (Pressman and
Lardy, 1956; Huelsmann g£ al., 1960; Borst‘gg al., 1962). In a study’

=7 te 107® mol/1 of oleate in

performed by Piper and coworkers (1983); 10
its unbound form completely‘abolished mitochondrlal oxygen'consumptiOn,;
'ATP production andea2+luptake.'v As with esterified fatty acids, thei‘
‘effects of NEFA may be‘more complex than a mere "fluidizing" of the

membranes (Stubbs, 1983). R

1.3.3.3 Effects of polar heads of phospholipids o \

‘
t
3

The influence of the phospholipid head! groﬁbs on the motion)of the l
ﬂ
' acyl chain region of the phospholipids hbe been extensively studied both
in model membranes and by supplementation studies with cells in .
culture. The temperature oflthe ohaseitransition is sensitivebto‘the
type of the head group ‘present and for unsaturated phospholipids as
found in biological membranes,- ranges from’ well below 0 C for
- phosphatidylcholines to over 30° C‘for sphingomyelins (Stubbs, 1983).
‘The | detailed studies onn the .orientation ~and motional
1characteristics of the head group region of phospholioids have come from .
" the work of Melchior and Steim (1976). Generally, for all the different
‘head groups, the orientation is almost parallel to the bilayer surface‘
(Seelig and ,Seelig,, 1980), ‘and fau'reetrioted internal motion occurs
‘v(Akutsu randv‘Seelig, h1981).' j,Comparieon7‘of_ the different‘ head éroub
A flexibilities fé&éals ‘an order:d phoeohatidyleerine < ‘phosohatidyle
;ethanolamine < phosphatidylcholine (Browning, 1981).( The relationship

of these properties to functional characteristics is unclear. However,l.

“t . .



"+ 25

P
_—

it has been shpwn that a cbnformatiOnal change‘in the head group region

‘accompaniea the .disordering effect on the fatty acyl chains (Boulanger'
I ‘ .

et 810‘ 1981). o . L | ... . ! [

1.3.3.4 _Cholesterol "_ | : .

' Cholesterol is the major lipid“”f“the plasma membrane Q\\most cells
p(Stubbs, 1983).' It acts as the main lipid rigidifier above the phase
transition, in natural membranes (Shinitzky and Inbar, 1976. Kitajima
and Thompson, 1977) Below ' the lipid phase transition, where a pure ,

lipid bilayer is highly ordered cholesterol acts in an opposite way -

it decreases order and increases fluidity (Hinz and. Sturtevant, 1972).

Cholesterol has been assumed to be distributed evenly among the
phospholipids, and the molar index of cholesterol/phospholipids (C/PL)
could servz as algood qualitative parameter for correlation with the
aubmicroscopic lipid microviscosity (Cooper, 1977).

An important functional effect of‘cholesterol 1s to reduce passive
permeabilitv to solutes and ions across membranes (Demel et al., 1972).
Johannson - et al. (1981), however, suggested that the major. role of_,

fcholesterol in membranes is to act as a buffer to' large changes in  the
physical properties of the membrane by other: agents. ‘

1.3 3'5 ‘The protein‘content'

‘f' .In: contrast to, the lipid bilayer, proteins are of very low'
compreaaibility (Brandt 8 et al., 1977 Li et al., 1976).( The thermal
' motion 10f lipids in the vicinity of the proteins is expected to be

:hindered markedly with a local increase in microviscosity (Shinitzky,.
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1984).' For most'membrAnes the iocai effecttof each indiuidual proteih
remains 'limited to the 'boundary layer of lipids, the lipid annulus

-
1 (Warren et al., 1975),lwhich is highly immobile (Heaketh et al., 1976 _n
Favre et al., 1979), while, ‘at more distal lipid dpmains the effecta of

proteins converge to a more or less homogenous rigidification (Shinitzky

' 'and 'Inbar, 1976 Cooper, 1977).

1.3.3.6 | ﬁembrane'flufhity and cellular. function

The. question of the relationship between membrane fluidity and cell
3\functioning 18" still under intense investigat‘on. ‘Initial studies were
performed -on microorganisms (Rottem; 1980' Melchior, 1982); -
demonstrated a change in'the degree of unsaturation of membrane lipids
when growth temperature wasd varied. + In particular,»‘a decrease in'

temperature resulted in an.increase in unsaturation, which suggested a

A

way of .maintenance‘ of lmembrane fluidity‘ at a leuei optimal forf
functioning,membrane proteins.‘ This process was ‘termed "homeoviscous

' adaptation; (Sinenshy;"i974). J ‘binked to  this is".the vconcept“that m
’lmembraneiproteins are regulated bf membranevfluidity;‘for whichbthe.term
‘Fvisdotropic'regulation;‘nas‘given‘(kimelberg and Papahadjopoulos,rl974§

Sandermann, 1978), A o ",\¢$‘ »
Arrhenius plots for many enzyme activities of both micro-organisms.'
"xand mammalian systems show linear relationships wlth discontinuities atlu

‘.specific temperatures (Sandermann,, 1978). N This' has been taken as

‘evidence that the particular membrane enzyme involved 18 regulated by,ﬁ

| the physical state of the lipid bilayer. ”,In, many cases1_Arrheniusd‘y o

[
L

" —



discontinuities‘have been ascribed to lateral phase separat\ions offeringlill'
further mechanism for regulation of membrane proteins.

The many attempts aimed at showing that the: modulation of cell‘
‘function brought abOut by changes in membrane unsaturation is due to
changes in membrane fluidity can lead to the hazardous assixmption ‘that
o it 18 the sole mechanism responsible.. The requirement for the llipids to
be at leaat .in a _"fluid" state has been ‘esta‘blished ,for a numbe'r‘o‘f.‘
membrane prote_in‘s,“ such ‘as‘ "(Na"; ‘+‘ K"‘}'—ATl’ase , "(‘Kimelbe_r‘g and
l’apahadjdpoulos,' ‘1972' Abeywardena et al., 1983) Ca2+—ATPase (Hidalgo
et al., 1976; Hesketh et . al., 1976; Nakamura et al., 1976), Mgz"'—ATPase
(Buckland et al., 1981) and adenylate cyclase (Salesse et al.,’ l982a,
"1982b). The latter is a‘ particularly interesting membrane enzyme as it -
consists of a number of 'functional subunita‘capable‘ of independent,

lateral movement in ‘the lipid bilayer (Lefkowitz et . al., 1976).‘ '\The,

occupation of a B-adrenoceptor in the membrane outer surface promotes

. interaction with the catalytic subunit at the cytoplasmic side of the

met:grane, stimulating the enzyme activity over the basal level (Housley,

‘ 1981). ' 'I'he interaction has been termed collision c0upling and has

' been found to be enhanced when membrane fluidity is increased (Orly and

Schramm,‘1975 Hanski et al., 1979). ‘ .. o Lol .

The question of whether a change in membrane fluidity can exert an |

"effect on the properties of membrane ‘ receptors, was 4 addressed by‘
Coedr

:Charnock et al.‘ (1980). 3 They showed -3". reduced activity of the enzyme a

' _-that is widely believed to be the reqeptor fOr cardiac glycosides, 'i.e“.',v» ’
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, myocardial membrane (Na + K‘")-ATPase, in the hearts of winter hibernat-
ing ground squirrels. 'I'his was associated with increased myocardial
‘ 'membrane fluidity, and .a significant inc;ease in linoleic acid content

(C18:2 w6) Ginsberg (1981 1982), on, the other hand, showed that cells' '

)
"

.:enriched in unsaturated fatty acids contained an - increased number of‘
insulin receptors and exhibited ‘a decrease in "receptor binding;

- affinity. The‘ modulation df- the leVel of unsaturat‘ion however, c0uld&

’ .

, have had an. effect not mediated through a change in lipid fluidity. a\t‘

-

an ‘earlier date - Luly and . Shinitzky (1979) showed that insulin binding

n

decreased membrane fluidity. This could be a very interesting finding
in terms of a better understanding of the . probable mechanisms by which
hormones and drugs exert an effect at the cellular level.

The - mec_hanism whereby lipids can interact with and - influence “the i

properties ' of certain transporters 1is not clearly vunderstood. . One
possibility is that the surrounding' lipids' affect' ‘the conformation of

- certain carriers, thereby enhancing or reducing the accessibility of‘
. N '

their binding sites .and if .80, then the conformations of only certain“

‘transporters are sensitive to lipids; because only in thes: cases is the‘
vstrueture of protein segment‘ that‘ passes through the lipid bilayer such
:that‘ ic . can be affected by lipid modifications (Spector and - Yorek
‘1985). Also, the lipid microenvironments around various transportersy.‘:v_‘f ,

may be different, and then' only those transporters located i"

microenvironments that.are changed by a particular type of lipid
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modification being affected A lateral phase separation ind{ed by a
change in unsaturation (Rintoul et al.,. 1978 Sanderman, 1978) would‘
‘ create) a state of membrane asymmetry, and resulting in differing effects‘-v
on ‘transporters.'ﬂ Based ~on the available evidence, however it seems
that all transmembrane,carriers may befr:”lipid-sensitive, but only in "

certain cases are the dnteractions critical enOugh to affect transport

-(Spector and Yorek 1985).‘

L)

1.3.6 . Eicosanoid Production “"’

R .
'

Q‘r hy&t 30 years a consi-derable research 'e‘yffort _has

e ‘the eicosanoids, and great progress ‘has been made in the
elucidation of the chemical structure‘. of these compounds of their

physiological roles, and of the ways in: which their synthesis is.

R controlled. It "1s now eatablished that in most. tissues the synthesis of

eicosanoids is limited by the availability of their . common precursor,vs‘bv
| ftele arachidonic acid, which must be liberated from esterfied stores in‘
_"complex lipids (van Dorp et al., 1964' Bergstrom et al., 1964 Vogt et .
- el 1964 Vonkeman and van Dorp, 1968) ' The bulk of the arachidonate'
in, mammalian cells is esterified in the fatty acyl chains of glycero—v

"phospholipids, almost excluaively in the R-acyl“ position (Irvine,'

“ ;‘1982).‘ 'I'his has led to the suggestions that phospholipases are -

“responsible "ot“} controlling free f arachidonate levels (Lands ‘and““

‘*cn‘Samuelsson,‘ 1968‘ Van den Bosch 1980). : Phospholipase A2 is not the“

only enzyme involved.r A phosphol:lpase Al followed by lysophospholipase, Lo

q;bj.an ‘active and soluble enzyme, could also effectively liberate o

i

;;



arachidonate (Irvine, 1982);“Free arachidonic'acid'ia immediately acted
_upon by the' cyclooxygenase, enzyme thus converting it to -the
endopero;ddes PGGZ and PGH,, which in turn are metabolised to yield

prostaglandina or thromboxanea of the "2" series (Karmazyn and’ Dhalla,

“1982)ﬂ Leukotrienea, ‘a group of biologically active compounds are also

\

'-'produced from arachidonic acid via 5- lipoxygenase enzyme (Kuo et al.,

1984). o . o -
The. cyclooxygenase‘ enzyme can ‘act¥ on dihomo—y linolenic ‘acid
‘(CZO 3;»6) (the precursor‘of arachidonic acid)yto produce proataglandins
“of the "1" series (Johnson et alr, 1984) | Another fatty acid precursor
s eicosaoentaenoic' acid (C20 5,w3), whose oxidation results inv the
trienoiOr prostaglandins and thromboxane‘ A3 (Moncada . and Needleman‘_eg

"

il_o", 1979)‘

1.4 DLET LIPIDS AND CORONARY HEART DISEASE

The heart may be affected by a number of pathological procesaes,
but the.'one‘ extensively studied is’ myocardial ischemia with its

consequences. It may occur as a Tesult’ of fixed atheroaclerotic lesions

*limiting blood flow above a certain level or . may follow the reductlon 3‘\

.....

"bof myocade‘I“blood flow caused bv corOnary spaam or. platelet aggregatea' '

(Hillis and Braunwald 1978).“ The clinical aequelae of myocardial

"‘ischemia, produced by whatever‘cauee, may be manifested clinically as a
‘tanéina pectoris,_ electrical instability,‘.Hepression‘ of myocardial
v:function, and if blood flow is reduced below a. certain critical level

‘§‘irreversib1e damage to myocardial cells, 1ees myocardial infarction

N
S
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serum lipids, and coronary heart diSea\se (CHD) hsd significan‘t roots in“

‘18th l9th -and’ early 20th century mediéine (Stzhnler 1979). A major

31

(Braunwald and sbber}g1984)
t N .
It is | important to distinguish between’ ischemia 'and hypoxia or

"anoxia, .as they ‘are totally different a their’ origins and their“‘

. , \
. ‘k“‘
consequences (Rovetto et al.“.,, 1975). In anoxia or hypoxia the oxygen

i
i RN

\delivery to the myocardium is reduced by . removing all or some‘of the

o ‘.

oxygen in the. coronary flow.‘ ’l'herefore, while tiTe PO, ia reduced as in‘

\

ischemia, coronary flow may be normal or even elevated and’ substrate

\
1

delivery and metabolite remova\i\contin\xe to occur (Hearse and Dennis,

\ ;

R4
A} f

\
After World War II the upsurge \of epidemiologic research on diet,

N

‘breakthrough ‘came from the work of Antischk\w' in 19 8~'through 1912; who
\ -
produced an animal experimental model of human atherosclerosis. " This

was achieved by - feeding eggs, 'milk, and meat \t\o rabhits\ to investigate, .
\ :

\

the effects of animal protein on the metabolism\and \renal function of

B \

herbivores (Anitschkqw 1933). It was realized th\e\t the rabbits were

N

‘ ingesting snimal products rich in cholesterol fat as, well as protein,

[

hypercholesterolemic hyperlipidemia, and the cholesterosis-lipidosis of B
Y

[ \

'_’possibility that atherosclerosis is a lipid metabolic diaease\ and also“

.the possibility that dietary lipigds of animal origin are of major".:v

S X e : P
[
; i . e

v L ) B o e B . = " [P

.and.‘ . t_he link 'was‘ made ‘ between . the - dietary ‘ lipid 'th‘e,“.'

" the atherosclerotic arteries. These important findings high\lighted the"li-' g

Y

. .'"etiological importance._;_ Since then, there have been numerous metabolic
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studies . of the~ effect of diet modification upon serum, cholesterol
' triglycerides~~and‘_various‘ lipoprqtein fractions in human ‘subjecta

confined to metabolic words under close scrutiny (Ahrens, l957 Keysfgs

—, . H . . —— —

al., 1957; Hegsted et al., 1965). - Brown et al. (1984) have showh a

decline in the death rate from CHD in . the 'U.S;,‘ which occurred‘

AN

"simultaneously with a reduction in the consumption of cholesterol and .
~saturated fat and an increase in the use of unsaturaﬁed vegetable oils.

As a: result ‘of  these and . other epidemiological studies a cleari

: correlation has been established between dietary fats and mortality from

CHD due to atherosclerosis‘ (Beare—RogeEs, 'l984° WQod et al., l984;

Arntzenius E£ gl;, '1985; Kushi,g£ al., 1985; Philipson et al., 1985;
Renaud et al., 1985). | | |
Sudden cardiac death did ‘not gain serious attention until the last"

“decade because éuccessful reversal of ventricular fibrillation (VF), ts'
most common cause, was: ‘not possible until 1956 when it was established

‘vby Zoll et al. (1956) The short duration ofﬁthe event did not allow
studies of its ‘causes (and still does not) and it commonly occurs:

without' chest pain or any precise olinical syndrome (Oliver, 1982) The‘

majority: of deaths from/CHD are sudden and occur within 1 h of last
./ -

~ ! /4

.being seen. alive and they represent spproximately one-third of the total
expression of ischemic heart disease (Armstrong g__ 1972). It was _”
estimated that there will be about 20—30 deaths per week from sudden Qtf

“,cardiac death mostly younger men, in the majority of populations of one

'h“million (Pisa, 1980)
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Most cardiologists agree that the aims should " be to prevent

coronary atherosclcrosis and CHD, but these are not the same and should

f

not be equated (Oliver, 1986).

-

Most basic research presently centres either on the effect that

dietary ‘fatty aclids mighc have 1n regulating platelet aggregation

! s -
(Gibney, T982; Ahmed and Holub, 1984; Davenas et al., 1984; Iritani and

| '
~ ’ [

Narita, 1984; Weiner and Sprecher, 1984) presumably through the

préduction of prostacyélin (PGI,) or thromboxane A; (Vane et al., 1982),

" or on'_fhe association between dietary fatty aclds and hypertension

)

R I(Hoffdan anleorsfag} 1983; Soma et al., 1985). The myocardium itself,

although '{t is the source of pain, dysrhythmias, failure and death, was

the focus of considerably less attention.

" ‘. There is experimental and clinical evidence suggesting that the

4

resﬁonse of the myocardium to ischemia is determined by the adequacy of
substrate availability (Neely and Morgan, 1974) and an optimum {fonic

,'eqﬁilibrium (Parratt, 1982). Both of these conditions could be affected

and altered in different ways. The interest in fatty acids started with

the observation that an excess of free fattyqacids in the ischemic
N "

myocardium leads to profound reduction of oxidative phosphorylation,

dysrhythmias and death (Kurien and‘-Oliver, . 1970a, . 19705). This was
/I
followed by a tising interest 1n dietary faE/y acids and their probable

effects on the myocardial function.
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1.5 INFLUENCES OF DIETARY FATTY ACIDS ON THE HEART

Diets were shown to {nfluence the heart in ways other than by
causing coronary atherosclerosis. Ten Hoor et al. (1973) found that
etucic acid (C22:1,w9? fed to rats for 3'day or 3 week periods, lo;ered‘
the contractile force of the isolated papillary muscle and the left
ventricular stroke work in the heart-lung prepargtion. In rats rapeseed
oil diets produce transient myocardiAl intrécéllular lipidosis thch’
peaks at'5 to 7 days. Thereafterb this lipid infiltration regréesesi
despite the continued feeding of these diets (Abdellatif and Vles, 1970;

Engfeldt and Brunius, 1975). Long-term feeding of diets ri¢h in erucic

acid brings about focal myocardial necrosis, chronic inflammatory cell --

t

infiltration, and finally fibrosis (Abdellatif and Vles, 1973; Kramer 35‘
al., 1973; Charlton et al., 1975; Barer, 1982; Svaér, 1982). Newly

introduced rapeseed oil containing low amounts of erucic acid (4% or

less) appears  to cause foE@l fgbrosis without transient lipidosis
(Vogtmann et al., 1975; Beare—Rogers and Nera, 1977; Hulan EE;Iﬁl'v"

1977). More recently, De Wildt and Speijers (1984) showed that after

inotropic intervention, only the rapeseed oil fed rats showed less

" contractile reserve capacity. The absence of this effect in the erucic

acid-treated animals was in agreement with the histological -studies that -

showed no fibrotic lesions. in these animals. It was conciqﬂed that the
rapeseed oil itself or some other component but not etuéiq‘adid was

responsible for loss of contractile reserVe‘capaci;y['Kramer'gi.gl.

-

© (1985) further showed that the incidence of Jlesions was inversely

proporfional to the levels of saturated fatty acids in the diet, and

f . ‘ . L
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directly correlated to "the C22,0-3 polyunsaturated fatty acids present

in the cardiac membranegjy. )
Information on the role of dietary lipids in determining the
composition of myocardial phospholipids accumulated during the 1970's
‘(Beare —~Rogers et gla, ~4913&f**%9¥2b; Szuhaj and McCarl,‘ 1973;
Gudbjarnasot and  Oskarsdottir, 1975;.1977; Gudhjarnason and Hallgrimaon,
1575, 1979; Ruiter et al,, 1958). It hecame evident that while the
prop0rtions of fatty acids ‘present in the diet were not reproduced
faithfully in theu fatty acid distribution ‘in cardiac memhrane
phoapholipids, certain trende were o?yioug. When a diet is rich in a
particular fatty acid, that acid- appeared in elevated amounts  in che

membrane ‘phospholipids.’ Feeding rats forhl—l6 weeks diets containing'

20% by weight-yegetable oils differing widely in their oleic (C18:1yw9),

eic (C18 2,w6) and linolen}c (C18:3,w3) acid content sho&ed no
diffegence 1n the concentration of total saturated, C22 polyunsaturated
and Aarachidonic ‘aclds in" the two major cardiac phospholipids,‘
] phosphatidylcholine and phoaphatidylethanolamine (Clark 1980) CIn the i

‘meantime‘ the incorporatxOn of monoaaturated fatty 8C1d8 was’ found to

depend on “their dietary conéentration, although the increases were -
moderate.LMitution of linolenic  for linoleic acid—derived CZZ

polyunaatqrated fatty acida was also noted. Further work clearly showed

‘athat ddetary differences in fatty acid intake altered the fatty acyl '

o

‘ tail composition of pIaama membrane phospholipids in other tissues as

wa o

‘brain,- liver and inteatinal mucosa ((’Ilandinin et al.,‘ 1983).' Charnocl@

Y

,(
et al. (1983) showed that the fatty acid distribut‘ion in cardiac

[ - .
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phosphdlipids was not unifornf throughout the heart, but that significant
, differences'“ in the‘ ungaturated fatty acid bropor_ti‘dne existed between
atria gnd vent“ricles, Qith.the” propox;tions of linoleic (C18:2‘,w6) and’
docosahe);'\ale;\dic_“(C22:6,w3) " acids being significantly Ihi‘g‘hgr in the
jlatte'r'. The': a‘tria,‘i on the Qc‘her' hand; contained highe;'proportions of
oleic (Cl18:1,09), arg_chidonic (C20:4,w6) and” docbeate;raeno_ic a'cid;;
(QZé:A @g).‘ Cibson‘ e_ﬁ :a_i, '(1v9810)v‘exanl11ned membranes from va'riuous organé
igolated from I‘rats 'f.ed‘ diets’ in . wfiich both vthe:: 11pid contentv and
composition were varied'. They, found thac despite the large differ‘encesd
in cilets; tﬁe‘re' was little effect. c;n the proportion of satupated to
unsat-uréted fatty a;:idé‘ 1n the phospholipid.s, l:he major effect, however,
was noticed in‘ the _ratio of m6/w3 series’ .of uneaturaced fatty acids,

. which 1ncreased ~upon. feeding a diec rich in w6 polyunsaturated fatty

acids and decp€ased “when a diet tich ,ln saturated fatty acids was f‘ed\."

Such an obselcvation was fugther confirmed by Charnock et al. (1985a).

The abili‘fy of anim‘él to’ withstand 'stress, as induced by acute

1njections of isoprenalin, was .’ influénvced' by~ dietary regimen

[

(Gudbjarnason and Hallgrimso . 1\975' 1979) Animals whose diets had

'been supplemented 'with “102 cod“ liver oil, "and cardiac membranes

contained as a, congsequence als  of .docosahexaenoic acid

"(CMEG,,w:’o) éufféred '.1‘_002 mortalic nimals in the control group*
“e.:‘cper."f_iend;d only 50% wmortality. Furc\hermore.,' in animais” Eed

\

converitiénal diet, repeated administration of noradrenanhe rover a_

. ‘period of Qays led to an increase in cthe proportion of " °

a .

| docc;éahexaenoic acid in ‘cardtac membrané phospholipids,“ ‘"}4. the

@ . . ! . . . o ¢
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corresponding fall in the proportion of linoleic acid (Gudbjarnason et

al., 1978). Similar studies by Crandall et al. (1981 1982‘ showed that
exercise was necessary to prevent the cardiotoxic action of isOprenaline
when sunflower oil (rich in linoleic acid) provided 50% of the calories
available in the diet. The cauge of death and cardiomyopathy observed
“in these experiments was thought to be akin to the mechanism proposed by
Yates and Dhalla (1975) in which the" polyene fatty acids stimulated
microsomal oxidation of catecholamines to adrenochrome,‘ and t?e
sdrenochrome in its turn  stimulated . microsomal ;peroxidation %r

' oxygenation' of the polyenev\fatty acids to various fatty acid‘
derivatives. ' «similar sequence of events has been postulated to occur
in ischemic myocardium and to contribute to the observed pathogenesis
(Katz and Messineo, 19813).

Logan et _l (1977) showed no difference in the incidence of fatal
ventricular arrhythmiss caused by Ca 2+ in rats fed for 1 month sunflower
seed oil or beef fat (deficient in linoleic acid) while Lepran and

” co-workers (1981) reported a protectiVe effect of sunflower seed oil
with an increase in the survival rate from 19 to '81% and a reduction in‘
the occurrencellof dysrhythmias during the- first 20 minutes after’

coronary ligation.# These findings were in direct contrast with the

results of Crandall and co-workers (1982) which showed "an increased .

E

cardiotoxi'

s‘f isoprenaline in animals fed diets supplemented with
- sunflower Qil.
Recently, HcLennan (1985) investigated the consequences of aging'

and dietary lipid manipulation on cardiac rhythm under conditions off
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stress created 1in anesthetized rats by ligating the left coronary

/

artery. The animals were fed for 6-7 or 18-20 months on either a
' » - t

standard reference diet alone or supplemented (12% w/w) with sunflower

seed oil or sheep kidney fat; The number of ventricular extra beatg and

duration ' of tachycardia or fibrillation .1in the 30 min ‘period -

' postligation was increased In sheep kidney fat-fed ‘rats. - Infarct size 4

- variations of the Langendorff technique, the same group of invesxtigators‘

"showed ‘that even when sufficient linoleic acid was present in both‘.

o '~ : ‘ ‘
h post-ligation was reduced 1in sunflower seed oil-fed rats.

Dysrhythmias,infarct size, and dietary-induced differences were found to
increase‘with-age; - These results suggest that age, duration of feeding

Y

and the dietary concentration of polyunsaturated fatty apids, are among

the factors that might have played a role, in the manifestation of the

conflicting~results previously reported.

@ . T ’
Ten Hoor et al. (197}) showed that ' the tension developed by

‘papillary muscles from rats fed for 6 months a diet providing‘ 5% of

"

energy (5 enZ) as hardened coconut oil; was significantly lower than

that. of muscles from animals fed sunflower‘"seed oil 1in equivalent

-

amounts. Hardened'coéonut .oil is deficlent in linoleic acid in contrast

to'sunflower seed oil. 1In experiments using isolated working hearts in

. capacity without a. corresponding increase* in oxygen consumption than

hearts from animals fed 5 enZ sunflower and 45 enZ hydrogenated coconut"

38 -

/

‘diets, hearts from animals fed 50 enz sunflower oil had greater workl“

‘oil. These changes were ev1dent after 5 daye of the diet, at which time‘
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no“appreciahle‘chanée in theifatty acid‘proflle of the cardiac membrane
;phospholipids was noted (Vergroeson gt 31.{;1975; beupeckere‘and.Ten
Hoor,‘ 1976; Vergroeson, 1977; De Dechere‘ and Ten‘ Hoor; l979l. r The
authors\were reluctant to accept that the differences. were attributable -
to changea‘in metabolismlsince the glucose uptake and lactate‘production
Qere the same in hoth groups;l These results were substantiated in‘a
later report in which lard of unspecified origin was used in place of‘
“the hydrogenated coconut oil/Sunflower 0il mix (De Deckere and Ten Hoor,

- 1980)..  Myosin ATPase actiVities and*mitochondrialyrespiration in cthe-

two groups were similar. '

Hoffmann et gl, (1982) showed that the contractile force of the
isolated‘rat'heart was elevated when the linoleic‘acid~content of the
diet was raised. After ten weeks of the diet, the spontaneous frequency ‘

{of the heart preparations used was’ lower in the @roup fed the linoleic“

t

' aqid rich diet. After one year of feeding, however, the spontaneous.

o

frequencies were similar yet the difference in contractility remained.‘

‘Theﬁ release. of 'prostaglandin ‘like wsubstances, and5 specifically

N v,

.prostacyclin from the ‘heart: was increased in the linoleic acid rich diet

. .r ; . .l

group.
‘Charnock et ‘ala_ (1985h) showed that the positive inotropicf

’responaes to Ca2+ and the incidence of spontaneous tachyarrhythmias‘

‘Lunder catecholamine stress 1n isolated rat papillary muscles, were"
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.increased by wshort- term sheep fat feeding (3-4 months) and with: age in
fcontrol and sheep fat treated groups.‘ Sunflower seed oil prevented
these changes. These results demonstrated a marked effect of age upon‘
ventriCular myocardial functfﬁn in the - ratl which appeared‘ to be:
accelerated by "the - consbmption of animal '(saturated)“fa E while
‘polyunsaturated vegetable oil provided some degree of protection.“

The basis of .the observed effects of dietary‘lipids on the cardiac
‘function is ‘ati present unknown, but several mechanisms have been :
proposed. It has _been frequently suggested that changes in the fatty’
acid composition of membrane phospholipids lead to changes in membranel
"microviscosity which in‘wturn' affect ‘such . importanti fundtionsifass
'transmembrane fon transferr(katz and He;sineo, 1981b, Mead 1984; Stubbs
‘and Smith 1984) Altered membrane fluidity can also'result in chhnges
. in membrane-associated enzyme activitv or receptor function (Sanderman,
l978; Mcvdrchie et al., l983a, 1983b).g Robblee and Clandinin (1984)'
; found‘that mitochOndrial ATPase activity of the rat heart was. greatest
iwith 802 saturated fatty acids present in-a low fat diet, The_activity‘,

of the enzyme(s) was<-reduced by increasing “the proportion off

,polyunsaturated acids, and by increasing the total lipid content of the

't‘diet. ’ At the same time, Abeywardena et al.- (1984) reported no‘.tv

ﬁpalteration in both thetspecific activity and the temperature-activitv?‘f'

relationship (Arrhenius profile) of the sarcolemmal and sarcoplasmic,iﬂ'

' reticulum AIPases, despite significant changes in membrane compoaitionlf>

. <and physical properties.,,i'



An alternative proposition stems from the obaervation that during

vdietary manipulations,‘ a constant level: is maintained for both the‘

P

proportion of lipid unaaturation and the value of ungaturation index
Co ‘W

‘(Gibson et al., 1984) ‘ The major changes were seen in the ratio of
‘ 0»-6) family of ‘unsaturated fatty ‘acids (linoleic,‘18:2; arachidonic,
20: 4) to 'the (w-3) family (predominantly docoaahexaenoic, 22; 6)"

(Charnock et gl.;,l983) Rata fed a diet aupplemented with sunflower

———

'aeedioil~showed;a reduction ln ventricular linoleic acid 1 However, this

\

-decreaae was accompanied by a significant ihcrease in- arachidonic acid.
Conversely, rats fed sheep fat aupplemented diet manifested a decrease

in both linoleic and arachidonic acids, with a major increase (>SO7) in

[4

cardiac docosahexaenoic acid. A similgr increase - in (w 3) fatty acids

waa found in marmoaets fed diets supplemented with mutton fat (Charnock

“\

et al., l985c).~ Acids of the (w—3) aeriea are not considered normally"'
' i

to be converted to 3-series proataglandins in significant amounts nor .

’has any major physiological role been ascribed -to them (Willis, 1981).
However the 09-3) acids, and in particular docosahexaenoic acid a é‘)b
known to. be inhibitors of cyclooxygenaae (Needleman et al., 1981,
| 'Gibney, 1982 Goodnight et al.,‘1982 Lands, 1982- Corey et al.‘, 1983)

’and jthe outcome iof th ‘Taltered myocardial membrane fatty acidf‘f

",composition may be a disturbed balance of eicosanoid—production.

'fﬁl~5{l~,.f The Role of the Eicosanoids

Recent atudies have shown that the synthesia of prostaglandins in

r;perfuaedehearts can be»altered by dietary fat manipulation (Ten Hoor et ?:fiil



al., 1980 Hoffmann et al., 1982) and the effect of linoleic acid tich o

hot A

diét‘ in reducing mortality following acute -coronary artery ligation,‘

‘was reversed by indomethacin (cyclooxygenase inhibitor) (Lepran et al.,

‘
K

1981). More recently, Charnock et al (l985d) showed that the higher
response to Ca2+ (change in force of contraction) of papillary muscles

, from rats fed a linoleic afid poor diet ‘as compared to musclea isolated

from animals fed a linoleic acid rich supplement was abolished in the

'\

presence of indomethacin, suggesting that differences observed are

‘eicosanoid uediated..,,Prostaglandins have ‘a wide range of effects on .,

S

| cardiaC»tissue (Karmazyn:et al.,‘1979;'Lefer et al., 1980' Nakaniski,gt

" al., 1981; Chiaverelli et ‘al:,‘1982° Karmazyn‘and Dhalla, 1983).
‘Depending upon the' type of prostaglandin studied, concentration employed

and experimental protocol these compounds can influence the myocardial

contractile force and heart rate diversely.\ In‘ig_vivo experiments‘ong

cats, PGEI was- found' to increase 'the hesrt -rate and decrease the

+

systemic arterial pressure (Koss et al., l973) Although PGEZ had no"

effects .at high doses in the intact cat, in lower doses it exerted a

.

B _positive inotropic action in the dog (Jones et al‘, 1974). PGF2a when

" injected into the coronary artery had no effect on the contractile force
*of the dog heart (Hollenberger et al., 1968)._ Similarly, a. single bolus
'injection of PGan vinto the canine sinus node artery produced no

. chronotropic action (Chiba et al., 1972).. High prostacyclin (PGI2)

- doses reduced the blood pressure in-dogs with a concomitant decrease in.'

A

':heart rate (Chiba and Malik 1980).u Prostacyclin has been reported also

Treml . : R a . . . : !

42 -
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= to enhance ‘the rate of contraction in isolated heart preparations (Borda

In addition‘to‘chronotropic effects,‘prostaglandins have also been

shown to exert diverse influences on the contractile force of he

4

'isolated heart preparations. The effects varied widely from one animal

”[‘ae: aly, 1985)..“

_reperfusion induced dysrhythmia.‘l

'(Coker, 1982), although this concept 18 not . universally accepted (Kramer

! !!
, .
.

——

L

19713 Szekeres et al., 1976)

_species to another (Vergroesen et al., 1967' Hedqvist and Wennmalm,:

Some prostaglandins are consigered to .be antidysrhythmic agents and“y

the first report to describe this property was by McQueen -and Ungar

(1969); Intravenous injection of PGEI suppressed dysrhythmic activity‘; o

due to' coronary occlusion An anesthetized dogs (Zijlstra et al., 1972)

).

[ ' ~

v

Thromboxane Ay (TXAz), a product of arachidonic acid metabolism is

a

: Coker and Parratt (l983) showed a protective effect "of PQ12 against'

‘known to be a potent coronary artery constrictor (Terashita et al.,.

1978) TXA2 has been - implicated as an important mediator of the

electrophysiologic alterations asSOciated 'with acute myocardial ischemia

L

There has been a growing interest over the past eight years in the

\

y

\

,fr role of the trienoic eicosanoids (PGI3 and TXA3)._ It _was proposed that;
» while P613 was as effective .as - PGIQ in inhibiting platelet aggregation,“
df_TXA3 was only a weak pro-aggregatory agent (Dyerberg, 1978) ‘ However, 57; o

X study by Hornstra et al. (1981) failed to identify any of the 3~ seriee‘b
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.prostagland1ns in the plateleta and aorta of rats fed fish oil.; Thelm

‘mechanism by which trienoic eicosanoids could 1nf1uence the myocardium

i

—_—

.is not yet established.

The récent"discovery of.‘the ;ieukotrienea ,(Samuelsson, 1982) has
cal}ed attention‘ to the _effecte"of ‘the‘,;iponyéenase‘ pathway ' of‘v
aracnidondcv acfd- metaboliem on the cardiac‘ function. | The‘ oeptide
;containing Leukotrienes (LT), f.e. LTC“, LTD“ and LTE,,, have ‘been* shown |
toﬁ possess a number of effects on -the _heart including coronary
constriction (Letts,-1982),‘reduced contractility (Bittl et al 1985),

\

and dysrhythmias (Coker and Parratt ?84).

1.5.2 Role of Free Fatty Acids

A%

Under‘ conditions lof iséhemia, ‘free‘ fatty acids, particuiarly
,'arachidonic acid, are known to accumulate 1in.the myocardium (Prinzen et

al., 1984). ' Free fatty acids have a number of cardioeuppressant actione
r‘including (Na 4 K*)—ATPase inhibition (Miller et al., 1977 Bidard et
val., 1984) and suppression of slow action potentials in . the hypoxic
myocardium (Horada et al., 1984) The effects of different fatty acids

“frqm phospholipid pools have ‘not” been determined K but a better

understanding of their ‘role will prov1de information ‘on diffeting,\'

L X L.

; b :
L sa%ceptibilities of cardiac tissues to inotropic and dysrhythmogenic

»
-~
’

“ﬁ*“?cimuli..‘;‘

G\ [

T

1 . 1.5 (jhhole of Free Radicals ‘f f j*-'7i.y};f»:’ f't‘} :;;‘”
The interest in the pathogenesis of acute myocardial infarction haacj,

led to an increased awareness of the role played by free oxygen (02 )fwu



'ijtheir ability to absorb superoxide radicals and form peroxides,»it(}s:h?-ff'

‘and hydroxyl (OH ) radicals in the development of myocardial damage '

under conditions of acute ischemia or hypoxia (Rao et al., 1983&, Burton

et al; 1984). o

The mechanisms by which evolving myocardial ischemia fnitiates free

radical production are not. clear. Rao et al. (1983b) suggested the

45
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following possibilities. (a) disaociation of lntramitochondrial electron’\

htransport system with release “of ubisemiquinone, flavoproteins and

'

superoxide' radicals;- (b)“jaccumulation and increased release of |

intra/extra‘cellular’metabolites like NADH lactates and catecholamines‘

[

.which reactn among‘ themselves and with 02, (c) interaction of ‘the

metabolic product hypoxanthine ‘with 02 in the presence of xanthdine

B

oxidase. In a ‘recent study performed on anesthetized dogs Chambers et .

al. (1985) demonstrated a marked reduction ‘in infarct size following:

\

inhibitor) or'superoxide dismutase (0,7 scavenger) This study‘confirms

‘the. importance of the xanthine~hypoxanthine system in generating free

\eradioals, and the role played by the latter in mediating tissue injury-

following ischemia.

"

Phospholipase AQ activity is known to be enhanced by oxygen free

’

LI Iy

‘;animals have received a polyunsaturated oil supplemented diet.”- Sinceu

PR
3

the degree of unsaturation of fatty acids in the membrane is an- index ofn,"‘j- :

P

} _: _[ . :‘, ) %‘.

coronary ligation, by using either allopurinol (xanthine ‘oxidase '

:radicala (Au et al., 1985) and the level of lipid peroxides that x

: accompany free radical generation is higher in lung tissue, if the"

posaible that differing levels of tetraenoic and hexaenoic acidp inﬂf
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'

membranes 'render them more susceptible when conditions of 0, radical
formation exist. o
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2. 'RATIONALE FOR PRESENT WORK

‘Researcn aceomplisheq to date‘dlearly shows that dietary lipide do

enert an effect on the "cdrdiac function; However, the mechanisms by

:which these dietary constituents can have thair influence are poorly

understood. The | present work is based on the hypothesis that fatty

acins ‘from dietary lipids can {influence cardiac contractility and

snsceptibilip;to dysi?“' mia by being inserten into the phospholigids
. 5

of cell membranes, and exert a regulatory control = over
Ct ! _ ‘{

‘ﬁexcitation—contraction coupling. The object then 1s to investigate the

-
R ]

possible mechanisms whereby this regulatory control 1s exerted. The

~experimental steps involvedvin this study are as follows:

a. ‘Feed rats different 1lipid supnlements, each having a particular

-

fatty acid as a major component,
b ‘Analyze the fatty acid composition of the phospholipids
, extracted from both, atria and ventricles.

Ce Study,and eompare the force development of isplatedytiSSUes,

from the différent dietary groups, in response to positive'

' \ -

inotropic agenta. e
d. Determine if the effeccs are on the contractile elements; this
will be done by eliminating the role of membranes using the
Y ‘

"chemical akinning technique.
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Compare the susceptibility to dysrhythmia iﬁﬁvivo"hnd in vitro.
Study the responses of tissues to Bay K8644, a caledum channel

agonist, to provide information on the dependence of the cells

from the different dietary groups on trahémembrane calcium

lflux.

‘ U § :
Determine both the uptake of ca?t by 1solated vesicles of

sarcoplasmic reticulum (S.R.), as the S.R. plays a pivotal role

‘{n regulating contractile tension through calcium release and

uptake, and the activity of S.R. ATPase(s). '
Determine if prostaglanding mediate the dietary effects on

contractility and dysrhythmia by pretreatment of tissues with

. -
indomethacin prior to and during positive inotropic challenge.

Investigate the relationship betweenﬁ'free‘ radical production

and/or scavenging in the development of inotropy and
dysthythmia in the isolated tissues, using a xanthine oxidase
inhibitor and OH® radical scavenger.

Assess these ' hearts histologically for 1lipidosis and/or

necrosis. o N

.



3. MATERIALS AND METHODS
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3.1° GENERAL

‘Glass , distilled water whicnljmas passed through a series .of

deionizing  columns ‘before distillation was  used to prepare ‘all

solutions. All chemicals used were enalyticel grade.

3.2 ANIMAL MODEL

lhe“rat wae,cnosen because, tesides tne convenience of si{ze and
cost, its“diéeetion ddes not includelnecterial breakdomn of cellulose
which, 1in herbivores, contributes significant amounts Pof short cnain‘
fatty'acide to the total ebsdrbed‘from the intestine. In‘thie respect
the rat reeembles the human.' The rat heart, however .18 oot typical of
mammalian hearts as 1t develops 1cts. greatest contractile force at the
lower rates of‘stimulation; as frequency increasg% twitch tension fplls

(Benforado, 1958; Kelly and Hoffman, 1958; Hadju and Leonard, 1959).
This “reveree staircase” phenomenon, although : not well wunderstood,

clearly ‘euggests the finvolvement of differences 1in the mechanisms

regulating contractile tension in the rat heart, that are not shared'by

most other memmalian species. ‘ ‘ : P

For all experiments 6 to 8=week old male Sprague Dawley rats with
an ‘average weight of lS8+24 g were used. At the beginning of each
experiment the animals were allocated at random to one of four different

diets, and fed ad libitum for a period of 9-12 weeks, ' which was

sufficient time for changes to be manifest (Charnock et al., 1983).
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3.3 DIET.

y o

Four different fat supplements were chosen, each dominated - by one
of the four classes of fatty acids. Oleic (C18 1,09) 1in rapeseed ofl
(CAN) (ﬁeét Canola - Canbra“Food Ltdtf-Lethbridge ~ Alta.), linolenic
x; (Cié:3¢n3).1n‘linseed oil (LIN) (Alberta Linseed 011 Co., Medicine H;% ~
'Alta.), 11nolelc (Cl8 2,w6) in Sunflower seed oil (SFO) (Safflo - CSP

'Food Ltd., Saskatoon - Sask ), and saturated fatty acids 1in sheep

e
perirenal fet (SKF) (Lambco, Innisfail -~ Alta.) !

Dieta were prepared according to the method of Charnock et al.’
"'(1983), where standard laboratory pellets (Ralston Purina«€anada Inc.)
were soaked overnight in either of the three oils, then drained and
stored at 4°C. .The sheep perirenal fat was processed by heating 1n an
autoclave for 15 min which was followed by homogenization in a domestic

@

-blender, and SteAming for another 15 min. The fat was then filtered
8 W L )

into ice-cold water, collected ‘and stored at 64°C. For preparing the

diet, the.fat wae melted and~maincained at 60°C while pellets,were-added

and allowed to soak for 30 min before being allowed to drain-end cool.

Retention of ‘0oil by the CAN and SFO diets was leaa than LIN and SK? as

| the viscositiee of . these oiis were IOWer.‘ The final fat content and L
‘ energy supplied by fat (enZ see table 1) ‘of each diet were within IOZ of

the mean of the group. The diet was then stored at, 4°C.

The final fat contencs of these diets (Z w/w) were:

CAN o .LIN . SFO . . SKE-

——

20076 . 25.290 T 19u56 . 23.43°
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Analysis of the diets has confirmed that they were well above the»
minimum requirements for protein, vitamins, minerals and, energy set by‘
the National Research Council of the U.S.A., Subcommittee on Laboratory‘

Animal Nutrition (1978). Due to the fact‘ that protein " and

‘ carbohydrate/fat ratios were altered from normal commercial feed a'

group of‘rats receiving no lipid supplement would not have served as a

control. . The experiments were controlled by comparison. among the

groups.

3¢4  ISOLATED TISSUES

At the end of .the feeding period.~animals']wergy weighed,‘ then~;
sacrificeg by decapitation under light ether anesthesia. The hearts
were rapidly removed Aand washed‘ freel of blood in ice—cold"Bretag's
solution (Bretag, 1969), containing 1.53 oM Ca2+ bubbled with 95% 02 ‘

SZ C02 mixture. The atria were dissected free from“the ventricles. The

right“ventricle and the inter-ventricular septum were cut and‘the'left

' ventricle ' laid flat' to expose the papillary 'muscles.~ ‘Two left

for histological examination.

, ventricular papillary muscles were isolated from most hearts. After:‘

separation from the-left atrium, the right atrium and sections from the

—

lefthventricle,were keptjunder liquid nitrogen prior to lipid analysis.‘””
The rest of thedleft ventriclebwas preserved inAlOZFbufferedfformalin'A‘
. The isolated tissues were mounted on . lucite holders in contact with

et

punctate platinum electrodes, which were then immersed in tissue baths



 containing .Bretagfa ‘solution jA: 37°C, gassed with 952'“02 ‘= 5% Co,

mixture,

‘ Tension development 'was measured using U F I. 1isometric force

displacement dynamometera (Searle Bioscience), and displayed on either a-

Grass model S or model 7. polygraph (Grass Instruments, Quincy, Maas.).

Tissues were stimulated at 1 Hz by square-wave pulses of 5 ms duration“‘

at aupramaximal voltage from a Grass 5D9 stimulator. After ‘30 min
‘ equilibration, the length-tension relationahip was determined using ‘a
vertically mounted precision micrometer to. apply 0.25 mm increments in

‘tissue length. When maximal twitch tension was reached the length was

adjusted 80 that the twitch tension equalled 702 of maximum. After s

‘ equilibration for a further 30 min one of the following experiments was

performed on ‘one’ set: of tissues. At the end of an experiment the

"

vrelaxed length of each ti$suev was 'measured; and the ueight ‘was

_ determined after blotting off excess fluid. "

-
'

: 3¢4 1 Calcium and Isoprenaline

A concentration*effect curve was obtained ‘to the cumulative'

.addition of Ca2+ after 20 min equilibration in “Ca2+—free Bretag's;
solution. No Ca2+ chelating agent was used. The bathing solution was <
'f‘then returned to normal with fresh Bretag '8 solution containing 1 53 mMﬁ

“¢a2+ After 30 min equilibration, isoprenaline ‘was added in . a

?fcumulative fashion to determine the concentration-effect relationship..l

.Drugs were addad using a lO ul (Hamilton) or’ l ml syrfhge at 5 nunf.

'wgintervals. L;f"fq qu "‘;§77:5f }J‘;';j l»u]'.' . ~;0}
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In the c0urse of the experimgnts it was noted that’ some left atriav

‘and papillary muscles developed spontaneous extra twitches (dysrhythmia)

1

between the electrtcally driven beats., The threshold concentratione of
inotropic "agent ‘for " the induction of . dysrhythmie (epontaneous o
consecutive contractions for IS 8 'or more) were determined for both Ca2+ ,

.. and isoprenaline. . L

3.4,2 Indomethacin

- . W

The previoue experiment was’ performed in the presence of 0.01 mM
1ndomethacin which was adued to the tissue bath 30 min prior ‘to addition

of the i-e-;fpic agent. Indomethacin was prepaged in .a stock solution

. . ‘ )
"s - buffer (pH 8 5) - R o @

Ailopurinol

The influence of 1 uM allopurinol (a xanthine oxidase 1nhibitor)

‘ v
(Chambers et al., 1985) on the dysrhythmogenic effects of isoprenaline

in isolated tissues, was studied by adding allopurinol to the tissue

bath‘BO min prior to.commencing the cumuletive addition.of isoprenaline.“

T 3,444 f‘lMannitol "_‘. DT o . ,if -

b

: gMisl drug was - used ‘as-Ve 7bh° radical scsvenger Tet 20 mM

concentration (Dorfman and Aﬂams, 1973), and it was - left to ‘act - for 30

‘min prior to’ the cumulative addition of isoprenaline."

e L

o b T . e

o .




| ‘3.4;5 L Bay K8644

‘Conceptration"-, effect curves were obtained ‘the - cumulative.

’additiOn oﬁ-Bay K8644“ It has ‘been  shown that the amplitude of the

u‘

;positive inotropic effect evoked by Bay K8644 ‘was increased in isolated

v

" rat heart tissues by lowering the external Cs2+ concentration (Finet et

al. ‘1985). For this reason, experiments were conducted in Bretag's
solution 1in which Ca2+ was. reduced to 0.75 M. Tissues wereuallowed 30:
‘Vmin to‘ equilibrate path this lower Ca2+ .concentration before drug
addition; The drug was dissolved in polyethylene glycol (400). All

results ‘were compared to ‘solvent control experiments. Precautions were

vtaken to prevent exposure of the drug solutions to light by wrapping all -

»
Iy

containers with aluminium foil.l

3.5 cHEMICAL smemC o S

Treatment of rat cardiac tissues with "10 mM EGTA renders the’

»
o

_sarcolemma highly permeable to small ions and molecules without removing;
‘.its restriction of the diffusion of larger molecules ‘or inactivating all‘,
.d(af\\its enzymatic functions (McClellan and Winegrad 1978). : Theset

workers developed such a tech ique to overcome the limitation inherent:‘“

~¢in the study of intact cells.- The contractile properties of the protein'~

; “could not be directly assayed in situ as the excitation-contraction o

v coupling mechanism could not be bypassed. ‘ As a result it was not

.hpossible to correlate the inotropic responses of the tisaue with any[iﬁ

'\

Tdalteration in the sensitivity of contractile proteins to calcium.;”

The heart was remove{ ﬁﬁfd transferred to oxygenated ice-coldllash

: ‘,_u~, - ; . T N .
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,Bretagl"s‘- aolution. The left atrium was dissected free, and silk threads
were secured through the ends. Silk threads were also placed around the“*
'ends of left-ventricular papillary musclea.‘ The isolated t-issues were

‘then pinned a aylgard slab, ltaking‘ care to keep, ‘the length

v

L approximately that in the unstretched heart., The tiasues were expoaed.

to the disruption solution (containing 10 mM EGTA) at 0°C for 48 he 'I'he 3
‘EGTA—treated tissues were then transferred to the standard organ baths
with volumes ‘of 3 5 ml and attached to force transducers in the same
‘manner as in previous experiments. Uaing‘the micrometer screw assembly~ “

'»‘the length of each tissue was adjusted to resting 1ength against ‘a
‘millimetre—scale attached o‘the lower end of the lucite holder.‘
' Tissues ,were allowed .to-1eq‘uilibrate a't"j‘pCa 9‘;00 for ‘about 15 min or'
‘until a steady state‘tension de\reloped at a. temperature of 37°'C.‘_

Changes in the medium were made by upward displacement utilizing freshly

' prepared contracture 'solution.with varying free Calt. concentration

calculated according to Fabiato and Fabiato (1979). Chart-pape_r waa set

. at 'a speed of 0,25 mm/sec, ‘and tiasue‘s‘were“given »suf‘f’ic’ient time for )

‘tension development before the next exposure ‘to la higher concentratiOn -
of free Ca2"’ : At the end of each experiment tissues were blotted dry““.

“and ‘-.weighedr' '_ R - : | " ’ ) |
3. 6 CORONARY LIGATION, 4 Q ) o -“' |

| Anesthesia ,: "wa.s‘ ‘.‘ivndyuced by intraperitoneal injection of

pentobarbitone sodium, 6 mg/lOOg (Som§t01 M.T.C. ‘l’harﬁaceuticd}s)fi_};
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St:all additional amounte were admlinistered intravenously .as required.
\/ ‘The rat was then laid supine on the operating table with the four\limbs
taped down. Body temperature was monitored using’ a rectal thermometer

. "and was maintained at approximately 38°C. - | | L .
'l'he skin ‘on the inner aspect of one thigh v‘vas‘"c‘ut, ‘and the femoral
",‘w./_ei‘n ‘exposed "and "‘separated.. from the' fe'moral‘ ‘a'rte‘ry using‘ | ,blunt“
"dis‘section _along the .axi's ‘r%"the b‘lood-‘ v'essels. A\ double thread was
p‘assed beneath‘ the vein‘land the distal portion tied. Using a fine pair

of sciasora a small cut _was made in the vein wall and the bevelled end

of a fine nylon catheter was passed inside the vein and tied in place.\

The cannula was at-tached to a needle, which in turn was attached to a j -

“3-way stopcock. A 10. ml. syringe containtng heparinised saline (100
units/ml) and a 1 ml syringe filled with pentobarbitone were also

attached to the stopcock. . .

‘The skin of the neck.'was cut transversely and wasg 'followed by a

Ilongitudinal cut to: the top of the: sternum. h'l'h'e trachea was exposed
,with a longitudinal blunt dissection of the sternohyoid muscle and
.“intubated. The common carotid artery was then identified .on one side, |
and. after .an cateful dissection from the vagus a’ double thread was'
‘placed _and the roatral portion was tied close to the head.‘. After
placing a small artery clamp as. caudal as possible a small nick was made
:'-t'.i“‘in the vessel wall close to the rostral ligature, and a cannula was

.‘fpassed ctwn the lumen. ‘ ’I'he caudal ligature was tied loosely. The clamp

v',_f'was then removed and the cannula pushed down Ehe artery a further
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‘*_centimeter, and 1t was secured in place by tying ‘a second knot. The

cannula was fitted to’ a 3—way stopcock to which a. Statham-P23 blood
oo ‘>
pressure transducer (Statham, Hatorey, ?uerto Rico) and a 10 ol - syringe

,(with heparinised saline) were attached. ‘ A small‘ quantity of the
heparinised 'saline'.was'pushed down the artery before switching Lhe . -

"pressure transducer into the circuit. Priop to each experiment the

calibration of the pressure transducer was checked against a mercury
‘ | ‘

manometer. 'I'he blood pressure and E.K.G. (lead I) were recorded on
va Washington 400 MDZC oscillograph (George Washington Ltd., Sheerness, ;.'
'.Kent England) using two couplers (Narco Biosystems, Houston, Texas)
:*Heart rate was monitored using Narco Biosystems Digital Display DD—350.
- Blood presSure -and heart rhythm were allowed to stabilize for about
15 min. A left thoracotomy was performed by‘cutting thrOugh‘the l»th

Sth and 6th r‘ibs. The animal was started on mechanical ventilation with

room air (stroke volume, 4 ml 48 strokes/min) using a rodent respirator

' (Harvard Apparatus, Millis, Mass.). Onc.e the blood pressure and E. K G.
‘ s -, . |
] were stable, the heart was exteriorized , using a narrow stainless steel

"

loop, and a 6/0 silk suture (Ethicon, Somerville, N J ) ‘was: placed under

the main 1e€ coronary artgry_mn_ear its origin from ' the aorta ‘as |
: C ‘\)'
'desci'ibed by Selye et’ al. (1960) The heart was then replaced in the

chest and allowed to stabilize for IS min at the end ‘of whig:h the

N~

'?lcoronary ligature was tightened. . At the end of ‘a’ 30 min observation

‘period . the animal was sacrificed by infusing 1 ml of pentobarbitone. -




‘l | |
‘.The chest wwas tncn opened and after clamping the thoracic aorta a

o ‘ ‘ \ .
solution of ZZ malschite green ‘was perfused into the carotid srtery to ' .

A
t

delineate the ischemic area as a*check on the success of the ligation.

3.7 SARCOPLASMIC RETICULUM (S R.) STUDY '

3.7.1  S.R. Isolation

4 - | o . : .
The method of ‘Entman‘ et al. (1973) was used. Animals were

sacrificed at the end of the feeding period by decapitation under light‘

‘ether anesthesia. The hearts were removed and the atria dissected free»

‘.\,'

" from .the ventricles in an ice—cold bicarbonate szide buffer (isolation\

medium, pH 7 0) Atria from seven animals were pooled together to yield

enough S.k. fraction while ventricles were‘ dealt with separately.

' Tissues were chopped into small‘pieces with a pre~chilled razor blade

‘ and. then homogenized in 25 ml of isolation medium using two '10 8 bursts’’
'at setting Q on the Polytron., The homogenate was centrifuged,at‘AOOO i

8§ fo r. ‘20 ‘ain (temp 2° C)‘;“ They-supernatantl;sas~ collectéd and
recentrifuged at 8700 x. 8 for 20 min (2 C).; The pellet was discatded
and ‘the supernatant centrifuged at lOO 000 X 8. for 35 min (2°C) The“’
high speed pellet ‘'was' harvested and resuspended in 20 ‘mM Tris-maleate o

f_and O 6 M potassium chloride (pH 6 8) in orderlto remove'contractile
»;protein contsminants and recentrifuged at. 100 000 x g and 2°C far 35

Tmin.‘ The final pellet was - resuspended in 20 mH Tris—maleate (pH 7 l)

‘fand used within 1 h of preparation.'f‘{: e p."‘ E SN
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HB;L,Z,d . S.R. Ca2+ Uptake and ATPase Activlty ‘

? Oxalate supported Ca 2+ uptake by the S. R. .was measured at 37°cC
o >

using a calcium electrode (Madeira, 1975) The equipmgnt consisted of a

-—

'.Radiometer F2112 ca?t electrode (Radiometer, Copenhagen), a pH electrode .

'
\

(Ingold Electrodes Inc., Andover, Mass. )o, a Radiometer—M64 “pH meter
'Corning pH/ion meter 135 (Corning Glass Works, Medfield Mass. ); an

antilog converter ~a DC. power supply (Hewlett Packard 6H2A), digital

"thermometer (Thermalent Model TH-6, Sensortek Inc., Clifton, N J. ), a'
) - . - o o '
‘Linear chart—recorder (Linear lnstruments,. lrvine, Calif ) The’

: reactions ,were conducted in a thermoste@lcally controlled vessel wiuh a

. 8 .
. . b ‘ .
'magnetic stirring rod. The reaction medium comprised LO mM,KCl 0. 5‘ s

N

‘ MgClz, 20 mM Tris-maleate, 5 mM oxalate, 5 mM god fum azide/(NaN3) 4 mM

L Mg= ATP. ‘Each reaction volume (2. 138 md) contained initially 80 nmole

»
-

3 S
Cez*, present'es chloride. Three steps” of 200 nmole ol (2 nl of 0. l M
o KOH) were used as a pH calibrtation. Fﬁﬁucalibration of the calcium

electrode, .a further 20" nmole Caz* (2 ul 10 mM Cquz solution) wasa added -

. N ,
4 |
J

and the result g potential Zymnge noted.{\Sufficient time was allowed
for the Ca2+—sensitive elect de to equilibrate (10—15 min) . The final‘
“volume was 2 146 ml at pH’? 10, & 50 ul aliquot ‘of the ‘S. R fraction‘

was added , and the uptéke of Ca** ‘from free solution over time was uhy

- .
v

i

‘recorded ‘ag voltage change..’-d o IR ‘ﬁ” R

The ATPasee activity was determined by continuous monitoring of pH .
ig?nges after addition of the S R.“‘freetion. ‘Hydrolysig; ofrﬂanw,AlP ‘

‘moleculelyieldsyonegprotonras‘followa: o T R ,*z\‘,lngf‘;
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ATPaae
1

ATP™ + Hp0 ——————> ADP™ + Phosphate™ + H' + 7.3 Kcal/mole

Measurements were - performed in the absence (total ATPases) and
Al , Yo \
) presencet(Ca2+—independent ATPasEsz of 0.2. mM EGTA, and the difference

between both provided information on the Ca2+—dependent ATPases. At the

end of eagh experim7nt the total amount .of protein in the fraction
. . - RES .

stud?ed was estimated. o o

1

In Ehese experiments the unusual step of including a feferente

\

als were of similar age
*

group of fnimals was taken.-fzﬂg reference an}

to the exéerimentai ones, but were fed a diet of t chow without 1lipid .

a

supplement. This: group was included only as’' a calibration of the
. 3 oo ) . .

methodology, and' to a{low comparison with the results obtained from the

]

* ‘rat in laboratories, where this was an established technique. The
! L

Q,oJ?sent results were compatible with those obtained by,ﬁelke and Wang
$ .

(personal communication).
- s f.

, . . B s §
N H

- 3.7.3 . ‘Ptotein Asdeyf o “l, - .

i

‘The -method of Bradford (1976) was used with. slight modification. A
co%centrated dye reagent containing .Coomassie Brill ant BIUe. G,
phosphoric -acid and : methanol' obtained from Biorde (Rich; -
California), was used after a four-fold dilution with reaCtion medium.

‘This - aolution was then filtered through Whatman No. 1 paper and stoted

forrnot'hbre than 2vweeks[at‘room temperature. = o ot

A N M - "y
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Standard protein solutions were freshly prepared from a stock
solution of 1 mg per 1 ml bovine serum albumin (98X, Sigma) to provide

concentrations of 10, 25, 50, 75 and 100 pg protein/ml.

’

The assay was performed by adding 1 ml of either the sample or

standard to 4.1 ml of a‘iluted dye reagent. Mixing was done by gentle
& :
inversion of the tubes. After a period of five min to'l h optical

density at 595 nm (00595) was measured versus reagent blank on a Beckman
'2400 Spectrophotometer (Beckman Instruments Inc., - Fullerton ~ Calif ).

t

Reagent blan\k was prepdared by adding 1 ml reaction medium to 4.1 ml

diluted dye reagent.

b

.

The optical densities at 595 nm were plotted against concentrations

of standards, and the unknowns were read from the standard curve.

3.8 FATTY ACID ANALYSIS
T

3.8.1 "preparation of Fatty Acid Esters from the Bier ’

Liﬁids were extracted by  soxhlet extraction to constant weight

" using /chloroform~as solvent. Chloroform solutions were evaporated under

-

. . . A\
reduced pressure in a stream of nitrogen. oo, ™

-
.

Fa‘ity ‘acids were esterified by th! method. of Christie (1982),

wheréby the lipid sample (0.5 ml) was dqissbiQéd it benzene (0.5 ml) And.
2% sdlfﬁr‘ic acid‘in‘ methanol (5 ml) was added. _Thé mixture was réfluxed‘
for 2-h, then water (5 ml1) contalning sodium chloride (5%) was added -and
the requited es‘ters were extra‘cted with hexane (2 x 5 ml) using
dﬂisgggal_?‘lgfl?as,te.ur pipettes to’ ‘separate the "laye'i-s: .The hexaji‘s layer

B A

N
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was washed in water (4 ml) containing potassium bicarbonate (2%).' The

A7

solution was filtered and the solvent removed under reduced pressure in
a stream of nitrogen.

To rid the’sample of attached impurities a silicic acid column was
employed. Silicic acid was dried at 160°C overnight (approx..l6 h).
The column wag prepared by pouring silicic acid in hexane (10 g silicic
acid per 100 @g sample) into a Pastegr‘pibette. The sample was'applled
in hexane and the column washed with 3 column volumes ;f hexane. The

esters were eluted with 3% petroleum ether (BP 35-60) ln‘hexane (v/y).

The solvent extract was dried and analysed. .
A P

3.8.2 Preparation of‘Fatty Acid Esters.from‘the Tissues
. A . / - = .
The method described by Charnock et al. (1983) was followed.

Approximately 50 mg wet weight of right- atrial or left ventricular

.tissue was dispersed into 20 ml of ice-cold buffer (hO mM  Tris -

L] ’

A y . ‘
methylamine;fl mM. EDTA, 250 M éucrose pH 7.6) by two 10 sec bursts

with a polytton tissue disintegrator (Kinematical GmbH, Switzerland) at

-

setting 5. The ‘ﬁssue brei were centrifuged at 78 ,000 g for 30 ‘min at

2°C. _ The supernatant was then. discarded .and ' the tissue pellet

resuspended in ice-cola water and centrlfuged twice to remave sucrose
fprior to extraction of the 1{pids. - *

Lipids were extracted by the method of Eolch et al.. (1957) using 20

.’

vol 'of ehloroform methanol (2:1) which contained 0.01% (w/v) butylated

'hydtoxy-toluene (BHT) as antiOX1dant. ; The extract was dried under a

PLE




'

stream of nitrogen. The"total phospholipids were separated using a
ailicic acid‘columm (Pearcf‘and Kaknlos; 1980). Silicic acid was dried, -
as previoualy described, and a ‘slurry of 4 g was poured into the column
(23 mm .1n length and 15 mm in diameter) and washed with 15 mL'
chloroform. The dried solvent extract was diaaelved in .1 ml chloroform
and-applied(to the eolumn. Neutral iipids were elutedwfirst using 30 ml
chloroform centain{ng 0.0SZ‘BHT. fhe'phospholipids'were then collected
by applying 55 mi chloroform:methanol (1:9) to the column. The solvent
was evaporated under negative pressure in a atream‘of nitrogen{;ﬁThe
total phospholipid fraction was then diesolved in 0.5 ml of‘benzene, and
nethyl eaters were prepared acebrding to lCharnbck et al. (1983) by
heating in 2 ml methanol containing 14Z (w/v)»borpntrifluoride 1n sealed
vials for 30 min at 60°C. After cooling, 3 ml of water was;added andi
the fatty acfd methyl esters were extracted twice withAS ml of petrolenm"

ether (BP 35-60).' The solvent extract was dried and.analy;ed.

’
G : ! -
Y . - . } .

-~

3.8.3 ° Gas {iquid.Chromatography"

'The3 drled extract was analyzed sing a Hewlett Packatd gae

chromatograph (model 5730A) fitted with a flame ionization detector and

~column of IOZ DEGS ‘XSupelco Inc.,, Bellafonte, PA) together. with a

-

Hewlett Packard integratot (modei 3390A) for calculation “of the peak
area. Extracts were redissolved in 0,5 ml of dry hexane and 1njected as

1 ul aliquots. | The carrier gas was-nitrogen (flow rate Of - 28 ml/min)*.‘

and the column tempetature was maintained conatant at 200°C. Fatty -

: -~
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. . | o |
acids were identified from their relative retention times compared to
those obtained for autheritic methyl fatty acid standards.
’

3.9 HISTOLOGICAL TECHNIQUES

Left ventricles were dissected free and fixed in 10% neutraliﬁgd

formol-saline. o .

3.9.1 Hemat6§ylin and Eosin !

The method described by Kiernan (1981) was used.

3.9.1.1 Solutions reguired

A R L S
- Mayer 8 hemalum ( - - |
' The follow;ng were dissolved, in the order given,' in 750 uu" of
,distilled water:. : . S | o .
- » .
"JAlu'minum pptaséiuni sulfate . ' ‘ 50.0 ¢
| "'Hematoxylin (C.I. 75290) “ ' S ‘ '1.0 g. ) .
: Sodium"'iod‘ate . . S 0;1.§ L .
B vCitgic acid (monohydrate) ' l. : L | I.Q g ) :
Chloral hydrate I e . N 50 0 g ' T

The final vqume ‘was made up with distilled water< to 1000 ml, ‘THis

v N

© . ' . wo ' .

solution can be stored for several months._ ' A
. ‘ b. aninr : L.
i Eosin (c. L. 45380) Lo T g s
é e e Dis‘;illed wat‘er o ; o o 500.0 ml’ |
d -
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This solution‘keeps indefinitelx;fnd may be used repeatedly.

3.9.1.2 . Staining procedure *
Paraffin sections were de-waxed and hydrated “then stained’for 2-5
min in Mayer's hemalum. This was followed by a washing step in running

tap water for 2-3 min or until the sections turned blue.l The wet slides
A Ve

' were examined under the microscope to check for the nucleat ataining.f
Slides were then immersed in egsin for 308 with agitation,'and washed in

running tap water for another 303. Dehydration follodbdi&n 702 9SZ

and two changes of - absqlute ethanol (V#th .agitation,. about 303 in each

: change) The sectlons were cleared in xylene and mounted with permouﬁi; .
N o ‘ ~ . . f& " o ©
‘(Fisher Scientific Co. Inc.).' . . ‘ . : -

- | P "
. ! . ) ity
) . " L

3.9.2  Fat Studies

art s

 0il ted O and Sudan black B were used-td‘stain and show neutral fat

-

deposits'(Luna, l968)._, o | '

S ey » .
3.9.2.1  Solutions required , _ T
a. 0il red:0 Solution i .
‘» ) .\ ) P, J . . ‘ . "7 - e ,‘ .' -
oil ‘ted 0 o C - 0.5 g . .

.Propylene glycol 100% . L _-.j‘- 100 0 ml '; ' .bh,-"m

A small amount of propylene glycol was added to ohe oil red 0 and heate’

-

igently tp 95°C. The solution was " then fxlteted thnough coarse filtev o

S paper while still warm. It was - allowed to s‘and ‘overnight ‘at room
Y st L :
R R , O ) i

%,f//{“ . * o s Ve
e n -
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temperature, ‘and was filtered‘,again through Seit'z filter with the aid of ‘

vacuum. ' q" '

b..I Sudan Black B Sol'htion

0.7 g Sudan black B was dissolved in 100 ml of propylene glycol by,'
_heating to 100° C and stirring thoroughly for a few minutes. It wa‘s_"-
L'!filtered hot through Whatman No. 2 paper to remove excess dye.. After

‘cooling to room temperature it was filtered again: through a Seitz filter‘

. with ‘the aid of ‘vacuum.. ( A o . : o g

Co' Buffered Neutral Formalin Solution (BNF)

§
-

37240 formalin R o 100.0 m1.
: Distilled water " = : - ) 92)0,0 ml
Sodim phséphare'nonob;sic" . a0 g” |
1$odiuh phospha_te dibans‘i'gf ; : A 6.5 g

Y

3,9, 2 2 _Staining procedure B “”1fu*;,r;;
.Cardiac tissues were ﬁixed in buffered neutral formalin sglution

and theﬂ’v frozen. Frozen sections were cut. 8 p,m in thickness and’ picked'"'
onto gela‘tin subbed slides.l They were air dt‘ied fog several hours and
':A.‘fixed to the slides with BNF for 5 min,*‘then rmsed with distilledw
S A o .
- watear.‘ Equilibration was done with 852 proleene glycol for 5 min.“

’,’\,;Staining was carried out overnight in either O 52 Oil red 0 or’ 0 72

§udsn black B solutions. This was followed by a differentiation step in" :

e

;-‘1852 propylene glycol for Ss. 'I'he slides were then rinsed 'well in“. )




3.10 CHEMICALS L )

—— .

Allopurinol ascorbic acid‘(disodiumpsalt), ATP (disodium salt)
AzP (magnesium salt), creatine phosphate (disodium salt) creatine«
'phosphokinase (type l),'EDTA (disodium salt), EGTA heparin (disodium

'dsalt), indomethacin, isoprenaline (hydrochloride) malachlte‘ green‘
B (oxalate salt), mannitol, oxalic acid (potassium salt) and Tris—maleate

were all purchased from the Sigma Chemical Co.,. Missouri, U.S.A.

Aluminium potassium sulfate, buffered formalin :(IOZ) calcium.‘
fchloride, chloral hydrate, chloroform (HPLC grade), citric acid diethyl

ether, dimethyl sulfoxide,. eosin, glucose, hexane (HPLC lgrade),

a

magnesium chloride, magnesium sulfate,‘methanol (HPLC grade) .paraffin .
g

(Paraplast Plus), permOunt,‘ potassium chloride, potassium hydroxide, -

propylene~ glycol sodium ~azide, sodium ,bicarbonate, sodium chldride,'
Sy C .

sodium hydroxide,_ sodium iodate, sodium 'phosphate (monobasic) - and

sucrose were ‘all purchased from. Fisher Scientific Co. Inc., New Jersey,“

.

U.S;A. ‘:‘British Drug” Houses “Led. (Poole, England) provided

"following:‘ horon 'trifluoride methanol complex :(!4ZBF3), butylated~

-

: hydroxy—toluene, sodium gluconate and Tris (hydroxymethyl) methy Pmine.i
R 3

.‘ , \ h .‘ . .

' 'f‘The Bay K8644 was. kindﬁy provided by Miles Pharmaceuticals (West Haven,_r'

“j?"-CT )e Hematoxylin was. purchased from Fluka AG, Buchs sc“.g"isuczerland.f‘f._ -

fHEthanol was purchased from C. I L.‘(Montreal Que.) | Imidazole was theiiﬂ

ﬁproduct of Eastman Kodak Co. Ltd. (Rochester,_N.Y ).; Oil re*

‘s;iobtained form Polysciences Bncdi(WarrinstOH. Pé-) Petroleum ethe
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M [ . .
' ' . ' . : ‘.

\

35«6Q)*waélpq;chaéed from'J.T. Baker (Philipsburg, N.J.)w :Silicic'acid

‘ _Hwas‘ l,obtdiﬁed‘- from Bio Rad (Richmbnd, QA;).V Sodium -

N

pentobarbitone(Somhotol) was obtained from M.T.C.- Ph;rmacé

(Hamiltpn,"Ont.)“and Sudan blaék‘ B " was pUrEhaséd from‘.ﬁkuﬂecﬁ“
o . L N , .« r\ .

N

‘(Philadelphia, PA.). ‘
. | - C ‘ , S . PR
All other chemicals were purchased from eithep BDH .Ltd., or Fisher

Sciéntific'Co.'Inc.»

3.11 SOLUTIONS . . - .

-8

.3.11.1 _ Bretag's Solution .

2

The ' final compoéi;ion‘éf the synthetic ;nterétitialeluid (S.1.F.)

.

3
.l

was as follows: . = - ‘ S
1 "’ | ; s K i v
o

“Comgdnéﬁf o Molar,éoﬁcehtration (mM) C by'weight»(g/l)‘lgj“ s

B 7 1 2 £ T 6 T SR

KCL " * o . 3,48 ' ' BT B ; . 0.26
‘caélg,v' o 1.53‘(CaCiéJZ&&CHIOZ,sdiutiqh)‘ f;;7o ml
'ﬁgsoq; S 0069 'a (MgSQ§.7H20)"'  :”; 7“_0;17
~\;1N5H§o3“‘~“ﬂ 26,20 : el 2.0
NaHyPO, | ‘f”ggilé;6?: L (NahyP0,.H50) . - L o
W ogliconste 966 gg
4‘iff~giqdésé f,j,~fl':-“5.55; {\1) . j' i; fT--f“; a “51.00n~‘3

. The ‘salid componenta vere dissolved in clése ro Fhe final volume of




[ .
e

‘distilled‘ deionized Vatef... The solution was then equilibrated ‘with

carbogen (5% carbon dioxide dn oxygen). Finally, the calcium chloride :

L) N

(as a lOZ solution was added and the solution topped up to its total;A

-
'

volume. In’ use, -and with continuous bubbling with carbogen the S.I.F.

‘l ! A
oA

" had a pt of 7.2 at 37 c. R N C L
S T o o
23.11.2 Disruption S%lutionw,////?\ R Ty

b

‘ Component, ,r Molar concentration (mM) I erﬁeignt iﬁ/l)‘

‘x—préggoﬁaté-.f" 40 o au solution) . ‘1ao,oo:$1‘,
Mg-acdtate™ . o2 . . © 0w '
L 10 - Lo ppw"z.aqf
s o 2.76
‘ pr:;egj”edjusted Eéﬁ 7.2 with 5 mM imidazole. 'l‘ M Kﬁpfopionate‘ .
“solution udsprepe%ed balm;xing equal volumee of 2 M propionic acid ‘and
2 M. potassium hyd:ixide.dg‘ U N L | “J
,‘ :‘:. e e C'»’ ‘ “ ‘ i t.“?“:l / VI ‘ ‘:-'V.:"r';
3 11.3 f,'Contleoture‘Solution? Ii‘j ‘ {dwi f*~ i%fli' , ‘
T - : , | .

| ;héf, Solution 1 (pCa 9 oo)
"~tﬁff, Stock solution .;,;L e g,,rfifxg;ggg L

B, S SR
5 mM K2CaEGTA ‘~.;1 .02 ql




;1oo'mﬁ;k2é@TA‘ 0 14096 m ),

) 0.5 M MgClzx o 254wl
R mkei, o sgza
50wt NaiA%é S 990 ml ‘
. . | |

1 M KOH for. adjusting pH to 7 10'

-y ' . |
\ ~
v

The solution .was bﬁought up to its final volume of 150 ml with

waﬁer‘ | \
5 QM KéCaECTA was prep;fed with 0.50 8 Caco3, s'ml 1M EGTA‘and‘IO
.ml 1 M KOH made ‘to a flnal voiume of 1 litre ‘with water.
1100 ;m KZEGTA was prepared with 100 ml IM EGTA and 200. ml 1M xén !
" made to a final volume of 1 litre with :ater.
,S. Solution ReS (pCa 4.50) o Lf"' o 5 . - ‘f¢
;“ ‘St;ck Solucion_ -.Y L I vVolumek; |
. | r‘loo mM . K2CaEGTA L - "l; 19.92 ml
~3,;j ‘5 aM KZEGTA o ek m y
L e e . . RN
0.5 M MgCl2', ‘ o Lo 282w L A
| 1 M KCl L o g f~“;;,: 11.88 ml ‘ .
SRR : : : : o ’ o
‘f;;'yff,'so mM NazATP o f”‘ f ‘ﬂ;;' I 7"13.éa'm1" . |

1 M, KoH for adjusting B to 7, 10 | Aw“.;,x]k~\ln &
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‘-td?;’finallvolume of 1 litre with water.

The volumes of solutin I and solucion II given below were mixed to
‘ obtain 50 ml aliquots of solutions at - the other pCa values.

- . Vo B
. ) * \ AN

E P U S ' solution.I . Solution I1I . N
pC‘)O . 50'f.§0 i~ o | o o'é;ob“};i SR
S | | ‘ M A ) :
L0 o msom 0 oaow
pCa 6200 - 1125wl . ® L 38'.75"&@ T

pCa’5.50. . 0 406 mle U s m \
pCa s, 09;“ e o L5 m , i 48.85 ml
pCa 4 50 - " S ,' 0400 m | | 50.00 ml
;LJ. Creatine phosphete and creatlne phoeph:klnase were added inlsolid .
. - \

form‘co the experimenta1~solutions just before they were used.
vl. ) | ,““ ..‘ ‘ . [l , “ . : '_ ‘ ! .

3.11.4 Isolation M’edium s o I .
' v S ’ i " ' * ' ' ‘ ! ' ' .l"

«Comggnent »"" ‘Molar,cdheegfracioh (mM) ©~ * by welght (g/1).
'Na‘ﬂco; o T e 04840

‘r“'x:NaN3 L s g e T 00325,
’ ‘ ) B ' ‘ ' ' ‘ ‘ ’ o ' \. v\)ll

A Vx pH was'adjusted to 7 O w1th l M KOH. i Ll“ ‘“u‘

VA

. oo >, RS * ' LA v T
. This solution was fteshlv prepared before each experiment, pnd,the
t A ) A \ 7.‘ i ,\“',“V p‘_ . ‘.‘ ‘ . o R ) ) .
bottle waé*kept all the time in 1ce. g{’::f Sy “iy'l_"i S
Salt Wash1ng solution (fdr removal of contractile proteins)
. e u\ ; ; ‘

by weighc (g/l)

- - ;
n" ? .-ﬂ . ".""‘
Lt “

4 744

44 736

‘r\,‘




———— e e

73

I'3r1146‘. .Reaction‘Mixture', .
‘Componentl‘-L .”‘Moiar concentration (mMS ‘-‘ gy weight (g/l) | |
fxci o 7 10000 S o 7.456 |

Mgcl, oot SL 0.407
| 15 aale \ PURKIAT L~
- Tris maleate ‘ : . 20.0 - L Co ' 47744

" Keoxalate R "§;oﬂli“.Y~V“yc» ] ©0.831
‘&9N3,‘[\. o 5.0 j :ir L "f‘ K 0.325
‘Sucrose . o  1o00. 0. ‘L "7 . 36,230
The same mixture was prepared with ‘the presence of 0 2 mM EGTA' .

(76 08 mg/l) as gkcalcium chelator.h . : L
3,12 AsALrsrs‘ornénsﬁiTs ‘f . s -: g o C {" ]1%

;ZIT\\‘When possible the results are ‘given as the mean’'t standard error of
e ' ' : ‘ - [N ' T
the;mean.i“' o

Lot
: L

~

w The possible eff vts of dietary l1ipids on weight blood pressure;.

heart rate, twitch tension response to agonists, uptake of calcium byr

“
\

S.R. and AIPases activity and fatty acid composition of membranes were

K

compared using an. analysis of variance with Duncan s multiple range test

modified for unequal sample sizes (Wallpole, 1981- Dowdy and Wbarden,»

, ‘983) Unpaired t-test .was used to compare the effects of one dietary
5 PR L
treatment on twitch tension response to agonists, in the presence or‘n'é

.‘(.,

absence of indomethacin. e A paired t-test was used to analyae ths‘ 153

#

maximal increases in tissueh mea"twitch tension_to Bay K8644._u-.v f‘;;ff'L




challenge with 1nocropic agenta were enalyzaﬂ using x or Fisher 8 exact‘

- ]
'y v

probability test where appropriate (Siegel, 195&). A probability v%bue 3

Ll ¢

of 52 or -less (P<0.05) was ‘selected as indicating ‘a significant,,

difference. ‘ ! ‘ ’ ‘ ol ‘ l “~‘ . R
N : ' : - B
e : P S
w ’ \ aE '
L) B "
. : ‘ o I
\ N n
v = . '
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4.1 FATTY. ACID CONTENT OF THE SUPPLEME&%ED DIE%S
The fatty acid composition of the diets i3 shown in Table Iy, Sheep

fat dlet was relatively rich Iin saturatedS fatty acids while oil
supplemented diets were rich iﬁ unsagurated fatty acids. The rapgsegd
oil diet was a rich source +of oleic acid (Cl8:1,w9) (60.4Z) while
sunflower oil dlet coﬁtained‘ a high proportion of linoleic ;cid
(C18:2,w6) (70X). Linolenic acid (Cl8»3,w3), on the other hand, wag a

. : s

ma jor consq;tuent of linseed ofl diet (70.6%). In addition to its
ﬁfelatively high content of palmitic acid (Cl6:0) (19.72) ana gfeafic'
acid (Cl8:0) (24.2X), sheep fat diet contained a substantial amount of

oleic acid (45.3%) and ranked second after rapeseed ofl diet as a source

of this w~9 fatty acid.

4.2 BODY WEIGHTS

Following a feeding period of 9-12 weeks, there was no signifficant
difference in the weight gained by anfimals in any of the four dietary

groups (Table 2). n =~ 9 (in each group).
. .

»

4.3 BLOOD PRESSURE AND HEART RATE N

- i

The mean arterial bléod }ressure was recorded in anesthetized rats
via intracarotid éannula, and heart rate was determined from E.C.C.
tracing. There was no significant difference in either of these
parameters among the &ie;ary groups following a feeding period of 9-12
weeks (Table 3), n = 10<(1n each group).

"

[4



37

sy

.

) ‘pailsumns [(e ‘paufeiucd 3y

8puoq ay{qnop jo Jaqunu 3yl 4£q parrdri[mm pyde pajeiniesun ydea jo uotriiodoid a3 WOIJ PAIB[NIO[B) 4y
W IR s3unag-uemy ° *siW £q pawiojiad f113wti07Ed UOTIBNQWO) "

*sprde £13ej [e1031 3juadiad aie sanyea pyde K11ey

«

e . «
6°LST VARG - o_uom - Sl = - Sy 6°9 - 8287 181 TYo 1smoyjung
T - -
0°%sZ - (¢ 9°0L 0°91 - 2 ot - -6°0. 8°1 S ¢ge et :o,voww::
0°6S " 9% L0 8°'¢ - fm..nq ¢'0 z*'%¢ (60 7° ¢ (°81 uv daayg
Th 1° €1 0% 976 ©§'CT 6°0  4°09 - (°0  €°'¢ 1°82 | IaNA 110 passadey
B £:80 Z:80 (:0Z 180 0:07 0:81 0397 ud 3/%
‘ &MF ¥xX9pUur €-@  9-m 6— PTI¥T woxy 133t1p j3o
Lo ..\M@uummcp ‘legy paieiniesu(q -paleanyeg paataap £118U3ap
mﬂﬁ&uWWWWﬁw SpYOY K13y ' £Bidugy £313uyy
.v.h.p ... ‘Aﬁ ~

ﬁ, .

*$391p pajuawarddas ur 3uasaxd sprdIy Iyl Jo 3IUIIUOD pr1dE £13eyg pue L31suap LBiaug ° wanm.a



Table 2. Mean body ‘weight of rats ' * S.E.M. befbre and after feeding fat

augmented diets for 9-12 weeks. No significant difference wasﬁ\‘

observed among the graups (P>0.05; Duncan's multiple rangé

‘

test). n=9 (in each»géoup).

Body Weight (g) -

Dietary ?f92§;¥~ ‘ Initial At Sacrifice
Rapeseed o1l 149 + 6.73 : 501 ¢+ 24,13
Sheep fat . 164 + 6.8 495 + 14.56
Ltnseed oil | 159 + 9.78 487+ 14.43
Sunflower seed ofl - 158 + 8.7 496 + 14.48

/

gt
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- ‘\,i\

Table 3. Mean arterial pressure and heart rate of raté\ 1q the four

dietary groups foilowing a feeding peniod of 9- 12 weeks.»

\

Measurements were done using an E.K.G.‘ and an intraéhrotid

, s

cannula. No signlficant difference wAa observed‘ am?qg the
' '] K
groups (P>0.05; Duncan 8 multiple range\ test) " Values ' are

* ,lr\‘ !

mean * S.E.M. (n=10, in each group)

-

-

Dietary Group . Mean Arterial Biood»l . Heart Rate (b;aés/min);
Pressure (mmHg) . C

Rapeseed o1l 133 9;33 - T 356 + 7.85

Sheep, fat . 136 + 7.56 377 + 13.79

Linseed ofl « " 132 2 7.81 4 353 + 13.21

S;nflower seed oil , f36 + 7.68 : . 361 + 11,25




‘i

4. 10 FATTY ACID COMPO*SITQ&F ATRIAL AND [ENTRICULAR PHOSPHOLIPIDS

Cardiac phospholipids arise predominantly from tﬂe membranes of

Y
-

cardiac cells (Witting et al., 1961 Kramer, 1980) pod : ‘15
The total phospholipid fatty acid compodition of the right atria

/
and left ventricles from rats in the diffyrent dietary groups is shown

in Tableaik & S.. Although .no statisticaﬂ comparieon was done between

atria and ventricles from a single dietary group, a trend similar to
that observed by Charnock et al. (l983) was noticed. The proportions of

linoleie acid (Cl8 2,w6)\;nd docoaahexaenoic acid e22; 6,w3) were highen§

in the .ventriclea, while the proportions of oleic CCIS l,w9) and l'

\

dodoaatetraenoic acideCZZ 4,m6) were higher in the atria irrespective
of the diet.. The proportion of arachidonic acid (20:4,06), howeves, was
not appreciably different in any tissue, atria. or ventricles, in'any

dietary group examined. For both tissues‘ the ratio of saturated

~

unsaturated fatty acids did not differ markedly among the groups despite’

)
L E

the different leyels of unsaturation in the~ diets (Gibson gt;‘glxﬁ
A . ’ ' s ‘

P ) . A\

significantly with diet. In the afria the proportion of palmitic acid
)

(Cl6 0) was (24%) higher in the CAN—dietary group in comparison to the

LIN—dieta group. The dimethylacetal derivative of stearic acid (C18:0

wr
DHA) shoyed - a significantly higher level in atria from SKF—group in

comparison to the other three groups, although this accounted for only

— —_—

. : ‘v
1984). However, the proportions' of certain fatty acids changed

"

2,2% of ithe total. The ventricles, on the other hand, did not manifest

significant differeqces in the proportions of individual saturated fatty



ar ‘ . ' ‘) .
Table 4. Fatty acid compositio‘n of total phospholipids of right atria
from four groups of rats fed fat ,augmented diets for 9-12
weeks. ‘ Sign‘ific‘ance was tested using ‘Du‘ncan's"multiple ‘rangé'

test (P<Q.05).' Values ‘are p'erce‘ntages of total fatty .acid

(mean *+ S.E.M.). - -

—

- raﬁeseed oil;,\S.KF = sheep fat; Lﬁ = linseed oil; ‘Sl"'()l~ -

s@inflower seed ofl. N.S. = not aign‘ifi.czanﬁ.'

- dimethylacetal

e o EL



Lot

g2

7'~jUnsécﬁfafion{1§9;80 '

C1303,96 . 199,14 200,27 .

- Fatty Acid CAN(n=7) ~ SKF(a=6) - LIN(n=9) . SFO(a=6) . Signiflcance
é R e TR0, 08)
“ L ) I ‘ : - .
16:0. DMA 0.8940.20  1.2440.17 1.36£0.28 .'1.3140.26 N.S. -
16:0. 10.75£0.19 | 9.96+0.89  8.19+1.04 9.53:0.68 CAN>LIN
18:0.DMA  0.75:0.19 | 2.20#0.31  1.35:0.21 ' 1.42:0.27 SKE>CAN,LINg
B o y | ~ SFO; SFO>CAN
18:0 26.64£0.31 /26.3620.78 25.74£0.61 26.49+1.13 N.S, '
20:0 © 0.3120.06 ' 0.17£0.04° 0.220.03  0.1940.03 N.S.
. Q. o oo '
16:1,07 © 0.3920.06  0.5420.05 0.25%0.04  0.25£0.06 SKF>LIN&SFO
18:1,09  13.88+0.28 10.47+0.22 .10.4420.29 = 8.0320.27 CANSLIN&SKF>
o o , | SFO -
20:1,w9.  0.1940.02 - V- " - -
18:2,06  12.08£0.47  8.3780.67 12.6020.48 12.5910.55 CAN,LIN&SFO>
I : S . . +.  SKF
203,06  0.7620.06  0.81:0.07 0.8240.03 0.9920.07 N.S.
20:4,w6  20.98£0.62 22.5320.57 20.7620.65 23.6540.41 SFO>CANGLIN;
S . : L . SKP>L
22:4 6 1.92£0.46  1.64%0.08 . 0.96%0.07  4.7420.41 SFO>CAN&SKF>
. B b - LIN
22:5 w6 - 0.3520.04 —~ . T L371s0.21
18:3,03 © 1.2580.20  0.3740.03| 1.8620.11 0.40£0.06 LIN>CAN>SFO&
e R S  SKF —
22:503  2.92$60.37  2.70£0.24  5.11£0.29  1.0420.10 LIN>CAN&SKF>
22:6,03  6.49t0.24 1Q.1420.47  7.1340.28  6.1620.24 ~SKF>CAN,LING
. . . . oo SFO_ /
ISat. . 37.0120.86 39.84+1.35 36.26+0.72 38.70+0.48
. ¢ =) . ' . ‘ ‘.‘_' .’ v
R Y7 14,28+0.24  11.28+0.39 10.72+0.34 . 8,20+0.32
“ Ba6 ' 36.25$0.51 33.2041.53' 35.16+0.98 43.1240.67
M3 10174040 13.21+0.66 12.98+1.09 * 7.53+0.27
o we3f . 3.6 2.5 2,01 fos |

_index* -°

.J‘

U

Cw

. :ﬁ}j‘*CSiqaiﬁcédf}fémlfhe meah:pt@pgftion{bf-éaéﬁ;uﬁgatﬁratea acid multiblied-
'.7. . by the humber- of double ‘bonds it contained, all summateds . B

~ . . ! i
.
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Table 5.

¢
I8

I3

-

ﬁﬁA = dimethylacetal

4 )

Fatty acid composition of ' total phospholipids of left

;Ventriclés'frow four groups of rats fed fat augmented diéteﬁ

¢

for. 9%12 weeké. Significance was tested 'usingb Duﬁcan'e

‘.

" multiple nange test.(P>0.05). Values are percentages of total

fatty -acid content (mean * S.E.M.). - y ,

[

'C$N;~ rapeseed oil; 'SKF = aﬁéeﬁ fat; LIN = iinseedroil; SFO =

L

sthlower see?VOil. N.S. = ndc‘significgn;.

»
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., Fatty Acld CAN(a=7)

iLiN(nflO)

index*

175.26

SKF(n=8) . SFO(n=6) Significance
. [ ) (P<O 05)
16:0 DMA - 0.77#0.11  0.94$0.2 . '1.35¢0.19 1.02+¢0.21° N.S.
'16:0 © 77 8.5410.29 . B.7620.8 °  8.00£0.84 .8.39+0.37 N.5.
18:0 DMA  0.9820.11  1.56£0.26  1.2210.13  1.2610.24 'N.§.
18:0 23.1040.25° 23.65£0.27 25.3720.64 '24.8020. M NSy
20:0 0.15£0.03 - 0.09+0.02 - -
16:107  .0.2920.05  0.52£0.03  0.28£0.03 ' 0.2520.05 - SKF>CAN,LIN&
_ K . : SFQ
18:1,09 ' 10,36+0.49  7.43+0.66  7.18+0.65 * 4.54+0.22 ‘CAN>LIN&SKF>
. s - : ' SFO
20:1 w9 - 0.1240.01 - - =
- |
18:2,06 18.83£0.74 16.28+0.54 20.39£0.72 . 21.1640.81 LINSSFOYSKF’
20:3,06 ©  0.51%0.02 - 0.58£0.03  0.59+0.05. 0.48+0.04 N.S.
20:4,06  19.03£0.47 20.78+0.62 19.33t1.17 21.23£0.5% N.S.
< 22:4 106 0.42£0.06 0.4 £0.04 ' 0.36$0.08 ° 1.1440.11 . SFO>CAN,LIN&
' | N : | 'SKF . .
22:506 0.1340.01 . -0.21+0.03 - . 1.2320.10 SFO>CAN&SKF
.
18:3,03 . '0.8120.06 . 0.29:0.03 ' 2.15£0.04  0.2240.02 LIN>CAN>SFOS
‘ S - ﬂ’i © SKF .
22:5,03 . 2.17%0.26  1.95$0.04  3.34£0.32  1.8240.06 LIN>CAN&SKF>
R " : - SFO' ‘ .
22:6,03  12.45%0.60 15.15$0.56 10.55£0.49 10.15£1.66 SKF>CAN,LIN&
- o ‘ : SFO
ISat. 33.46+0.56 34.79+41.09 35.71+0.93 35.48+0.68
. 7,09 10.68+0.48  7.9540.64  6.90+0.45  4.82+40.28
M6 ‘38.3319.79 "38.1140.6T 39.42+1.00 45.1740.54
. '.. . i . . ‘ . - . . 4 ,’ i
D37 - 15.83+0.48  17.38+0.59 15.92+0.60 13.06+0.35
- w6/l 2.52.° 2.19 248 3.46
Unsaturacion 206,47 213.78 -~ 210:84. .

by the numbet of double bonds it contained all summated.“

*Calculated from the mean ptoportion of each unsaturated acid multiplied
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acids under dietary influence. ‘ '

The major changes were observed ith unsaturated fatty acid

/"
the atria and ventricles palmitolei/c acid (Cl6 l,w7) was significantly

higher in the SKF—group. Such a ifference, however, is unlikely»to
have significance in terms of /membrahne function because of the low

. , ‘ ‘
content of this fatty acid (Or./39Z). Anfmals given the CAN diet had

i

" 'significantly higher atrial ,and ventricular oleic acid (C18 1,w9) than

in ‘he LIN- and SKF*groups/while in the SFO, it ‘was ‘present An the

t..

“lowest proportion of all. / Linoleic acid content of atria and ventricles~
/ \ .

‘did not differ significantly among rats fed vegetable oil supplemented

3

-diets despite the differing levels of thie fatty acid 'in these diets,

/

'

‘but At was: significantly lower in. tissues of the SKF-—group. Ho;:,ever,
arachidonic acid’ (C20:4,w6)1 ‘content " of | ‘atria did = not <diff'erl
’statistically between SFO— and SKF—grOups, Iwhich ‘were at the same -ti\n;e
significantly/higher than CAN— and LIN—dietary groups. .‘Ventric‘les, on"
the//other /hand did not show appreciable chsnges‘ in levels  of

/ ‘ Lo .
arachidonic acid with dietary manipulation. Animals in the SFO—group

showed h{gher atrial and ventricular levels of the further products of

w—6 metabolism (C22:4,w6) and (C22 5,w6) in comparison to - the other

groups.

~

‘Linolenic acid (C18:3,03) 'and 22: S,w3 fatty acid'were( both’
//

/significantly higher in atria and ventricles of animals in the LIN—group ‘

in comparison to the other groups. Eicosapentaenoic acid (C20 S,w3)

could not be detected in any tissue, atria or ventricles, in any dietary

.
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groﬁaexamined.' Docosahexaenoic acid (C22‘6,w3), on the other hand, was

.

significantly higher in atria and ventricles of animals in the SKF—group
when compared to the other dietary groups., |

Tissues ~atria and ventricles, from ‘LIN— and SKF~groups did not

show - marked differences- in cthe total . content of each of the three

unsaturated groups of fatty acids (Dn3 Wé; MW7,w9) despite‘the wide
\ivariation in dietary availability. <However, the highest content of w—%&

\\ fatty acids was obaervecl in these groups in comparison to CAN-— and

SFO—groups. Tissues from the CAN-grqup, on the other hand refleéted

' the higher dietary content of w-9 as an increased Du?nn9 in comparison

to the: other three dietary groups.‘ Atria and ventricles from SFO-group

‘showed the highest content . of, m-6 fatty acids, and the least w—3 and

5 \ .
&)

w-9, It appears that there exista a reciprocal relation’ between tissue

content of w—6 fatty acids | bogh w—3 and w=9: fatty acids. The w6/w3

was. mar edly higher in atria from t

e SFO—grOup, and to a lesser extent
‘ . ) .

: »
in ventricles.

i
\

6 5 . CONTRACTILE RESPONSES OF ISOLJ/ ﬂZZRT TISSUES FROM DIFFERENT
N

DIETARY GROUPS TO INOTROPIC STIMULI . ‘ X

4,5.1 ‘ Length-Tension Relation

relatiqn between tissue length and developing

N

-represented as 1east squares linear regression for atria (Ng. 1) and

The tension is

,;‘ventricles (Fig. 2) in each dietary group. fWhen‘the mean 1lin .derived.
' o "‘- ) S e ' /o
R in these figures were’ directly compared there was no diff nce in.the

L= R . .
- o R
e o
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slopes with the lines being almoat superimposible (Fig. 3).

4,.5.2 Effect of Ca’" on Force of Contraction in Isolated Heart

Tissues

Following, the equilibratfon of tissues for 20 min An Ca?*-free
Bretag's solution prior to the cumulative addition of Caz*, ;here was no
contracture or loss of miscle function which are character{stics of the
calcfium pargﬁox.. This corresponds with the resﬁlts. of others who
relntroduced calcium &n a graded fashion spread over a period of time
(Charnock et al., 1985b). .

Left atrlé for SKF-fed" rats exhibited significantly greater
increases {n twitch tension {n response to Caz*'than did left atria from
the other three groups (P<0.05) (Fig. 4). The maximum 1ncrease {n

L)
tenston was 221 uN/mg tissue for SKF; 111 uN/mg tissue for CAN; 105
pN/mg tissue for LIN and 86 nN/mg tissue for SFO.

éaplllary muscles from the same animals .d;splayed different
responses to Ca2+, with the tenston developed by tissues from CAN-fed
animals showlng significantly lower values than tissues. from the other
three groups (P<0.05) (Fig. 4). The,maximum.lncreaee in tensfon was 169

i

uN/mg for SKF; 148 uN/mg for SFO; 140 pN/mg‘for LIN and 62 uN/mg for

CAN.

89
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Fig. 3. Normalized length-tension relation of left atria and papillary
muscles from the four dfetary groups of rats represented as the

. least squares linear fit.
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Fig. 4. Concentration vs twitch tension curves for calcium on left
atria and papillary muscles from four groups Vof rats fed fat
augAmgnted dléts for 9-12 weeks.  Asterisk (*) 1indicates a
e;igniffc&n't‘:dlfference (P<0.05; Duncan's‘_m_ullti.ple range test).
Re@lts are Nmean‘ + SxE.P&. (n= 9-13, left atria: n = 6-14,

papillary muscles).
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4.5.3 Effect of Ca’* on Tension Development in "Chemically

Skinned” Isolated Heart Tissues .

- N

The -purpose of this study was to compare the sensitiVity of the
A

contractile proteins to calcium fin heart tissues isola;ed from animals
in the different dietary groups. Aeeordlng to'McC1e11en and wxnegrad
(1978) the cardiac fibre that has ‘been made hyperpermeable ‘by EGTA
maintains fhe following experimental properties: (a) the surface
membrane is a minimal diffusion-nerrier to emall lons and molecules; (b)

the celle retain a high level of activity of soluble enzymes; (c) the

effect of 1ntrace11u]ar ca?* sinks, especially‘ the vsarcoplasmlc

" reticulum, on the sarcoplasmic concentration of Ca?*t is small because 10

wM EGTA in the bathing aolution is an effective ca?* buffer, (d) some of
the sarcolemmal enzymes are still functional in spite of the altered
state of the membrane; and (e) the preparatien isysufficiently stable to
allow meaningful comparisons of performance witnin a single experiment.
When EGTA treated left atria and papilfary muscles were challenged
with increasing concentrations lbf» Caé+, the previously observed

differences in contractile force were abolished (Fig. 5). It should be

noted, however, that the maximum tension devgloped by skinned left atria

was only about 20% of that seen in the weakest %roup of electrically

. stimulated‘intact tissues. Skinned ﬁapillary muscles from SKF-and LIN

groups developed a maximum tension ‘which was about 50Z of that sf§i>i"
the electrically stimulaced 1ncact tissues,'while skinned tissues from

the CAN-group displayed a maximum tension simi&aﬁvpo that seen in intact
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Fig. 5. Concentration vs ‘tension curves for ,callcium on chemically o

skinned left- atria and” papi.llary auscles from thr§e~groups of
rats fed fat augmentéd diet for 9-12 weeks. ‘ No significant
difference was observed between the groups (P>0.05; Duncan's

multiple: range test). Results are mean * S.E.M. (n = 9-12,

left atria; n = 8-11, baplllér)‘?. muscles).
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' papillary miscles.

' differences in the responses of left atria and papillary muscles fromc

4

4.5.4 Effect of Indomethacin en Twitch Tension Development to

2* in Isolated Heart Tissues

Indomethacin effectively inhibits the cyclooxygenase enzyme system

(Vane, 1971) In the presence of 0.01 mM indomethacin the significant

§

’,

the four dietary groups to Ca2+, seen in Fig. 4 » Were abolished (Figs.

- ——

and ‘ll). However, the presence of indomethacin did result at.. t!

[

highest concentration of Ca2+ (10 mM), An. a reduction of twitch tensi
of left atria which was statistically significant (P(O 05). (Figs.l7
‘and . 10) Papillary muscles from the CAN-group in particular beh ved

1

differently as mean tension developed in the presence of ‘indomet acin

was higher than in 1its absence, although as noted above such a .

(I

N | ) ,
difference’ was not statistically significant (Fig. 12). Papillary '

muscles from.the temaining dietary groups, on the other hand, manifested

reduced responses to calcium in the presence of indomethacin which ‘was

—

statistically significant (P(0.0S)-for SKF- and LIN-groups ﬁFigs. 13 and

1'4), ‘evident at the highest ‘concentrat‘ion"‘of ca2+ 10 u¥), Although

'

“j mean tension values in the SFO—group were lower in. the presence of

s i

indomethacin, this' wasV.not ‘statistically significant (Fig. 15).

- ' . /

However, the small number of- remaining tissues that had not developed

o

spontaneOus dysrhythmia (n-3) at the two highest concéntrations of :

—

LY

C32 prejudicad statistical evaluation of the differences/seen.

e
3]
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augmented diets for 9-12 weeks. lndoniech;':ic,in was added 30 oin'

prior‘ to the addition of calcium. ".{No slg.niflicént ‘dlkff‘ket"éfnvcbe' 4

was observed between ‘the grou‘pé- (P>0.05; Du.nc?a:‘n'.s_ multiple Ik

range test). ".'Re‘éul‘ts are ir‘ueaﬁ“:_‘s..E.M. (n = 7-12).
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4.5.5 Effect of Bay K8644 on Force of Contraction in the Isolated

Heart Tissues

The Fat i8  unusual aPong laboratory animals 1in chat in normal
physiological solutions {1ts cardiac tissues show little. {notrébie
response to the prgseﬁce of BAY KB644, a dihydropiridine with agonist
properties at che voltage sensitive calcium channél (%1het et al.
1985). A wmarked positive inotropic effect can be observed 1f the
concentration of Ca2+ in the bathing fluid is reduced. This, pf course.,
reduces the contrql twitch tensfon In accordance with the .slopes
depicted in Fig. 4. Experiments with BAY K8644 were therefore performed
in the presence of 0. 75 m ca’*.

The results obtained from atria are presented in Fig. 16, and those
from papillary” muscles are .shown on Fig. 17. A positive ‘1nocropic‘
effect of BAY K8644 was observed, ‘' but {t wa; not quantifatively
comparable ln the different groups of atria or of paplllary muscles.v

In left atria, the greatest increase in twitch tension was ob;erved
in FissueS‘ isolated from the CAN-group (28 uN/mg, above a starting
tension of 20 uN/mg; 1402) (P<0.05), followed by LIN-group (26 pN/mg,
above a starting tension of 51 uN/mg; 84X) (P<0.05), _ SFO-group (19
uN/mg, above a starting tension of 39 uN/mg; 50%) (P<0.05), and the

; B
least 1ncreasevwas inltiSSues obtained from SKF-group (18 uN/mg, above a

.starting tension of 54 nN/mg; 33Z) (P<0.05) (Fig. 16). ‘'These

!
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Fig. 16. Concentration-;ffect curves of Bay K8644 on left atria in the
pri:,sen‘ce of 0.75 mM Caé"'.' Tissues were obtafined from four
| groupé of rats fed fat augmented diets for 9-12 weeks. Maximal
increases in ‘;ﬁean twitéh"tensi‘oﬁ. for each group weté; sheep E
fat, 18 uN/mg (33%) (P(Q.OS); sunflover seeé'oil, 19 u.'N/'mg‘
(502) (P<0.05); linseed oil, 26 uN/mg (84%) (P<0.05); rapeseed )
oi;, 28 uN/mg (1402‘) (P(0.0S). Results are mean ._t S.E.M. |

(n = 117, Points were analysed using Student's paired t-test.
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Fxg.,‘.§7.‘ Concentratibn—effect cutves of Bay .K8>6l‘olo on papillary muscles
in tt:e presence of 0.75 oM (2a2+. _Tissues were obtained fronm
‘ ' : .
four groups of‘ rats‘: f/ed fat augmented diets ,'fjor 9-12 weeks.
' Max;.mal | {ncreases fin /n‘éan twitch ‘tension fo‘r” e'ach. group were;
linsleed oil, 10 uN/m/g (172) (not significa‘t;t)’; 's;mfldwer"seed
ofl, 11 uN/mg .(227:) .‘f'(\P<0.0.S); tap;seed ,"';1-1‘. 24 “uN/mg‘ (S?Z)
(P<0.05); sheep fat, 45. u&/mg (66%) (P<0.05). Re;u’lc; are mean
:il"s..'E.M. (n - 8-11). Poinc.s‘. w‘el_'e‘ ;nAIysed qsllng‘ Stddentfﬁ

‘paired. t-test.
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‘. differences in responses to Bay K8644 may be partly attributed to the
differing baseline twitch tension manifested by each group prior,to drug‘
sddition.‘ - | |

.Pspillsry muscles, on‘the other‘hand behaved differently as the
greatest inotropic résponse to Bay K8644 was observed in tissues fromf
the SKF—group (45 pN/mg, above a starting tension of 68 pN/mg;x66Z)l
kP(0.0S), fbllowed by CAN-group (24 pN/ng,‘sbove a stsrting‘tension of
42 uN/mg; 572%) (P(O 055, SFOrgroup (11 pN/mg, above a starting’ tension‘
~of 51 uN/mg,l 222) (P<0.05), and the least increase was 1in .tissues
.obtsined‘from‘the LIN-group (10 pﬁ/mg, above‘s‘starting tension of 59)
pN/mg; 17%) which was not statisticslly significant (Fié..l?).

‘ ry

4.6 SUSCEPTIBILITY OF ISOLATED HEART TISSUES FROM DIFFERENT DIETARY

GROUPS TO DYSRHYTHMOGENIC STIMULI

4,6.1 Susceptibilitv to‘Dysrhythmia Induced by Caz*.or Isoprenaline
During experinents on contrsctile tension'snd ca?*, it was noted
.that_?he appearance of spontane0us'contractions was'not common ‘to all
dietary groups.' The number of_tissues manifesting'dysrhythmis and the
threshold'concentration of cslcium were noted and depicted in‘Fig. 18.
The experiment:was repeated using isoprenaline ss the positive inotropic:
stimulus in the presence of 1.53 mM Ca2+ (Fig. 21) 'This'gss chosenbas
a representative model for stress in’vitro. Again differences in theu

sensitivity of tissues to the dysrhythmogenic stimulus were ‘noted.

Cumulative response-concentration curves were produced for the results
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to be analyzed statistically.‘,

Y

-

Left atria from CAN-group were least susceptible either having a -

1ower overall incidence or having ' a higher threshold. - Atria from °

LIN—group shared a similar lack of ausceptibility to Ca?t induced ,

dysrhythmia, but not to isoprenaline stress which caused them " to

manifest the higheat incidence of dysrhythmia (Figs. 19 and 22) G

Papillary mdgcles from the CAN—group also showed a lower incidence

.

of dysrhythmia which was more evident .at concentrations higher than 1 mM

. Ca 2+ on the other hand, the lower incidence with isoprenaline stress

- was only observed at concentrations leas than Q.1 uM (Figs. 20 and 23).

4.6.2  elInfluence of Dietary Lipids on the Responses of Rats to

~

Coronary Artery Ligation

It was not possible to quantify the dysrhythmia that occurred after

.coronary artery ligation due to the ‘high incidence of mortality in most'i

.

dietary groups. 1In all rats, coronary artery ligation resulted in the

development of ventricular extra beats which occurred 5~10 'min post--

ligation. In some animals the ventricular ectopic activity progressed

very rapidly into ventricular fibrillation, and when the ‘latter did not

revert to normal within 15 min the animal was considered dead. Other“

animals developed severe drop in mean arterial blood pressure (<30 om

[

Hg)‘aalmost immediately after tying the ligature, and were ‘considered

‘dead when recovery did not ensue within 15 min. N ‘4' o

-_ After 9-12 weeks of feeding lipid supplemented diets; marked :‘
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Fig. 18. bower panel. Numbet of tissues (solid bar) in a dietary group

(open bar) that developed dysrhythmia in response to increasing

i

- calcium concentration.
Uppet panel Threshold concentration for each tissue.
‘CAN - rapeseed oil' ' SKF -.sheep f}'t LIN - linseed oil' !SFO -‘

sunflower seed oil“ _
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Cuﬁxulative percentage of ‘left atria develo'ping dyarhych‘m-ia in
‘rgqunse to ‘inc‘r'ea"si‘ng calcium concentration. Tissues were
isblat:ed f‘rom,' four groups of rats fed fat augmenigd diets for"

9-12 ‘n'l‘o'tiths.. As;eri'sk‘ (*) findicates s‘ignifica‘nt.gdiffe‘rencevs,

(P<0.05; Cni Square ' test or 'Fish"ex_-"z.; exact p'roba“billi_ty' tesc).

n= 13-14. .
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CUmulative percentage of left atria developing dysrhythmia in

‘ tesponse to increasing isoprenaline. concentration.‘ Tissues

‘(P?5§QQL\221 Square tesc or Fisher s exact probability test)

o n'll 14

were isolated from four grOups of rats fed fat augmenced dieta

for 9-12 weeks. Asterisk (*) indicates significanc difference f

v
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differences were found in mortalicy (Fig. 24). Animals»in thé'CAN~group
vah;wed the least {incidence of fatalify fn comparison to the othef three
dﬂgﬁary §groups, vand it 'wae significantly lower than theSFO*gpoup
.o§<0.05). A l&rger éroborﬁion of animals in the SFO-group dled in
cardiogenic shock than 1in ventricular fiﬁrillation (not 'significant; -

P>0.05), while either cause of deatﬁ had about the sAme fncidence meng

‘the other three groups.

4.6.3 Effect of Indomethacin on Susceptibility of Isolated Heart
g 1

N

<3
The effect of cyclooxygenase 'inhibition (using 0.01 mM indomech-

Tissues to Dysrhythmia in the Presence of Ca2+ or Isoprenaliﬂe

_acin) on the incfdence of dysrhythmia in isolated cardiac tissues in the

' presence of increasing Ca2+ or isoprenaline concentration was observed.

/
4

' While there wae, no signifiéant difference between left atria from
i NN
the different ﬁietary groups (Fig. 25), none of the tissues in the

1~SI-‘O—group developed dysrhythmia 'in response to calcium in the presence’

of 1ndometha§1n. Tissues from SKF-group maintained a higher Iincidence. ,
v : : e

A similar trend was 'observed in papillary muscles, with the lﬁist ‘&

focidence of dysrh}thmia in tissues frém fhe SFO—group. which ' was

si%nificantly lowepvthah SKF-group BELB mM calcium (P(O;OS), while at

10 mM‘calciuQ,CAN-group maintained a significantly lower 1ﬁc1depcé in

'cohparison to'SKF-group (Pfd.OS) (Fig. 26).
LA ' " o 53

LI
o . .’ —_

» t , o ; o 'i‘
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Fig. 24. Percentage of rats in each dietary group (fed for 9-12 weeks)

©

£}

that died within 30 min postcoronaty ligation. The .proportions
of animals dying from either cardiogenic shock or fibrillaction
are as shown. Ast;risk (*) 1nd;;ates significant difference
between the two groups (P<0.05; Chi Square test or Flshe;'s
exact probability test). n = 10 (each group). CAN = rapeseed
oll; SKF = sheep fat; LIN = linseed ofl; SSO = suﬁflower sged

oil. ‘ ‘ RN
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B
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was, added 30 min prior to the addi:;gn of calcium. No
-kigniflcant difference was Observed between the groups (P>0.05;

- Chi S&uare test ot Fisher's exaq;throbabllity,test). n = 9-13.
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Fig: 26. Cumulative percer'\tagei\ of  papillary muscles developing .

' dyscrhythmia in response \to increasing calcium concentration iun

the presence of 0.01 mM “haou:ethacin. Tissues were isolated

- . from four groups of rats\ fed fat augmented diets ‘f‘or  9'-12

.

! ’ =
o , - : L, L ,—l .o =
weeks.——Indomethacin was ade 30 min prior( to the %d‘diti&l\qf*/-/ .

calcium. Asterisk (%) o dicates significant ™ difference

(P<0.05; Chi Square. test or Fisher's exact probability test{.

n = 8-16,
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As with Caz*! no dysrhythnie was induced.'by isoprenaline in left
etrie‘frem SFO—groupAin the presence of 0.01 'mM indomethacin; and this
was significantly different from vtne ‘otner dietary ‘groups‘ (P<0.05)

' (Fig. 27). Papiilary nuscles from CAN-group, on“t;e other hand,
."maintained the lowest incidence of ”dysrhythmia at the lower .
concentrations of isoprenaline‘(0.0l pM and 0.03 pM) and the difference
was significant  in comparison to SKF—group (P(O 05) (Fig. 28). At the
higheriyconcentrations"of isoprenaline (0. l pM) tissues from the
SFO—group manifested the lowest incidence of dysrhythmia,,although suchl‘

a difference did not attain significance.

3
PR
L ’ [

4,6,4 .Effects of Ailepurinoi and Mannitol on the Susceptibilitj of

Isolated Heart Tissues to Dysrhythmia in the Presence of °

\
[

Isoprenaline ! I e

The dysrhythmia pattern previously observed‘in left atria”in the

presence“of isoprenaline was changed when allopurinol (1 uM) (Fig. 29)

or mannitol (20 mM) (Fig. 30) was pre§§ht in\the bathing medium. Atria
from the SKF-group showed the highest incidence of . dysrhythmia in
comparison to the chet"tnree dietary groups. None of the tissues in
the CAN-group developed dysrhythmia in the presence of allopurinol or
mannitol, and this was significantly lower (P<0 05) thanibwhen only
ieoprenaline was present at concentrations greater thsn 1 uM (Fig. 31)

A similar trend was observed with SKF-group, although no significant

difference was detected (Fig. 32). .Left atria from LIN- and SFO-groups,'
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: (P(O.bS; vChi‘ Square 'tesc or Fi.sher's é.itaétl *pfobalﬁlicy tes.t).‘.“

‘n = 9=-13,



122

Papillary muscles R - o ;

g 100 .
S
£ |
= £ 80p
i
&7 60}
. O_S N '
Za o Rapeseed
3E 401 e Sheep fat
€ o o Linseed .
a € - @ Sunflower
P 201
o |
2
— »o_ -~
1078 | o RUAN 10" 0% - 1074

Molar isoprenaline

\

Fig. 28.-Cumulat1ve. ‘peréeptage -‘of pap;lla;x ‘muscles developing
| dysrh}thmiaﬁ f ifan - respoﬁée to'.' ;ncfeggidg ) ~isoprena11ﬁe;
éoncénttgpfoh in the presencg}bf 0.01 mM‘iﬁdomechacin, *Tissués
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édd#tibn  of é#lcihm.‘v Asté;;sﬁl (*) lindtéétés &§1§n1f1éan;‘ B
.di.fféren;é | (.Il’<(.)‘;0l5};- ~ Chi . Square tesc or .i-‘iéher'%'-. exéc.t.‘,“"

. probébiilt}?test).‘ n = 8-16.
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on the other hahd,' manifeéted a similar behavior to those from the

fCAN group to: increasing isoprenaline concentration in the preaence of

-

SKF—groop

allopurinol or mannitol (Figs. 33 and 36)

« In the ? &~ llopurinol there was no significant difference

sceptibility of papillary musc}es from’ any of the four dietary

v

Fig. 35%. . On the other hand, the incidence of . dysrhythmia in
nce of mannitol was higher in papillary muscles from the
. comparison ‘to the‘ other three groups, and thid was

stétistically gnificant (P<0 05) concentrations of isoprenaline

less than 1 .puM (Figd\ 36). When the susceptibility of papillary mueclee‘
; ‘ ‘ , .
to isoprenaline induced dysrhythmia‘was eompared in each group 1in the

\

" absence ‘and ‘presence of allopurinol " or: mennitol,‘ no significeot

‘differénce was ‘detected in all four dietary groups (Figs. 37, 38, 39 and

40).

S

4,7 DIETARY EFFECTS ON Ca’* UPTAKE BY THE SARCOPLASMIC RETICULUM

.
‘

VESICLES FROM ISOLATED HEART TISSUES

t

The term uptake has been used to denote ATP—dependent, pontinuoueﬁ,

‘ca?t aCeumulation within Sarcoplasmic retiéulum vesicles‘in thetpresence ‘

4

‘of‘a‘Cezf-precipitatingSanioh, e.g. la e‘(Enthan et'dl;, 1973) To

be Abie to obtaih sufficiehti amount of«-S R. fraction to perform the: N

'experiment, atria from each dietary group were pooled together, ‘and for:

-that reason it. was not possible to perform any statistical comparison.

It was obvious, however, that the rate of uptake of calcium was higher

B
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' ‘ - : .
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- for 9-12 weeks. ’Ailhlopurinoll was addéd 30 min prior to t;]e“
: ‘ a'dditlonf of 1§§prenallne. Nt;' significant difference was

observed between the groups (P>0.05; Chi Square test or

Fisher's exact probability test). n = 8-14. -
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- 9-12 weeks. Mannitol was added ‘30 min pl:i'.or‘-to ‘the a_ddithi'op of

isoprenaline.  Asterisk (*) indicates significant difference

~—
f g

(P<0;0$; Chi Square test or Fisher's exact probability test)» -

n = 8-12.
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Fig. 37. Ef fect of .allopurinolw (1 uM) or mannitoll (20 mM) ”on the

peftentage of - papillary @ustles developing

cumulative
. . e g

" . , *

dysfhyihmia, in * rre;pbnse - to lncréésing"  1soRrénayﬂne,u
]noﬁcentrdtion.ijTiSSues Qéfé 1501&t¢d~from ratsnfgd rapeseed
otl sﬁpglé;;¥£ed. F;ef:ffor';9-12  yéeks:' Nobysignif;cépp
: d;fferque,qas observéd bety;en'the cyn;eél(}>0.05; Chi éduaré
. test or‘Ffsﬁerxs“eiact prgPapilfﬁy‘t;st);\'n = 9:13. "

Y
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Fié_,38. Effect of ‘aliopurinoiul(l f@ﬁ) or h&nﬁitoln (20 aM) on- the
cudulative;" pe§cenEage of papiflaéy muscles jdeveloping:

dysrhythmia’ in response ,to  1increasing isqprenaline

0

.concéntration. Tissues were 1sofatgd from rats fed sheepn}at

u%upplementqﬂ diet for 9-12 weeks. No significant.difference
" w3s observed bétwéen thé"curvéh'(P)O;OS{ Chi Sqdare test or
. c o ' SRR :

- Fisher's exact probabllity"test): .n = 6-11,‘

v- Y

o
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100 i Popillofy muscles .
. with allopurinol
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| Molar isoprengline -
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: Eig. 39, Effect of ‘allop;rinol (l, QM) or mannitol (20 mM) on the
| c@mulacive“‘percéntgge ofh "paﬁillary m;scles? developing
d}srﬁythmia‘.mhiﬁ. response - to Jincreasipg‘ 1soprehaiine
conégntta;ion; figsdep wefe'isolatéd froéArdts fé&llinSeed‘oil
suppiéﬁéntéd‘diet;for'9—l£‘;eek;,,v No'éignificant differeﬁce

Qas observed between the curves. (P)O.QS; Chi Squarte -test or

Fiéﬁef's exabt'pfobabilizy fest), n = 8-14,
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Fig. 40. Effect ~of allopurinol (1 puM) or mannitol (20 mM) on the

cumulative percentage of papillary muscles’ ~developing.

dysfh}thmi@ in response .‘to_ -inéfeasing g isoprénqlinéi
‘coﬁcentratioﬁf Tissues Qéré i;oLated ff6m rats éed sunflower
; seed 'oil'.suppiemented é}et ‘foF 9-}2 ;e;k;;" Névfsignificant:'
aifferengéfwas qbser;;d QetweéN'tHe é#fves"(?so.QngChi}Sqﬁqée{

test orrtisher's/exac;3prbbab111ty test). n = 714, 0
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in fractions ohtained from animals fed diets supplemented with vegetable
‘oils 1n comparison to those ‘from SKF-group, which showed a rate close to
that of vesicles from animals given normal péllet diet (Ref) (Fig. 41)
Ventricles yielded enough S. R. fraction and thus were examined -
individually.d The rate of uptake of Ca’t by S. R. fractions irom LIN-
SFO- and SKF-groups was significantly higher (P<O 05) than fractions

obtained from either CAN- or Ref~groups which were very close together

(Fig. 41)

4 8 DIETARY EFFECTS ON ATPases ACTIVITY IN SARCOPLASMIC RETICULUM

-

VESICLES FROM ISOLATED HEART TISSUES

The -activity of the rtotal ATPase enzymes was determined concomitant

with the ueasurement of calcium uptake by - S R. fractions from isolated.

~

heart ‘tissues. This was carried out by estﬁmating‘ the release‘ of
protons during ATP hydrolysis through ‘measurements of pH changes.'
Measurements were nade at one-minute intervals -over a period of. }ive
minutes. }‘ Figure 42 shows the hydrolysis of / ATP by total ATPases of
I.S.R. from pooled atria. - One "minute following the addition of SeR.

fraction the . activity was higher in CAN-‘ SKF-H and LIN—groups inj

n
ke

compsrison to Ref—group, while SFO-group was intermediate. Fractions
from the SKF-group hydrolyzed the greatest amount of ATP,-and Ref-group‘
the lowest over the full 5 min period. The other chree groups fell in

,between., When averaged over the first_five minutes the ‘Dean rates of"'
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‘Fig. 41; Qxeiete ‘supportee‘ Caz+‘;uptakeefby earconiasmic reticulum‘
| | vesicles from etria end venfriclee of'rats fed normal pellets'
. (Ref) or pellets supplemented wich eicher rapeseed oil (CAN)
‘sheep ‘fat (SKF), Iinseed oil (LIN) or sunflower seed otl (SFO)'
for a period of 9—12 weeks. Ihe reaction medium-contained 4 mMIf‘
Mg-ATP 100 o xc1 0.5 mt MgCl.z;VéO mM Tris-meleate,.kS mM
'oxalate, 5 mM NaN3, 100 mM sucrose, and lOO nmole ca?* at pH' h
'7 05 and: 37°C temp. Bars are mean:t S.E.M.. Attia vere. pooled
together (n-6—7). to yieid sufficient S.R. fraction, while‘

_ Lventricnler"honegenatee were examined individually (n-6-8) ,
.Asterisk (*) indicates significant difference from CAN and]

fRef. (P(O OS Duncan s multiple range test)
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| Fig. 42. Tocal AIPases activity of sarcoplasmic reticulue 1solated‘from .
atria of tats fed either normal pelleta or ome of' four fat
augmented diets fot 9-12 weeks. The reaction medium coetained

‘-'4 oM Hg-ATP, 100 M Kcl, o 5 mM ugc12. 20 . Ttis*maleate, s oM

.HOxalate. 5 mM NaN3, 100 mM sucrose, and 100 nmole Ca2+ at pH.

L\Lv. fee‘7 05 and 37°C temp. Attia 1n each grOup were poole& together,

xE (n-6-7) to yield sufficieﬂt"STR. fraction. ,'
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the different fractions (pmol per .mg protein per . min) were: SKF 3.34;
,CAN 2 99 LIN 2. 72 SFo, 2 71; Ref, 1.96.

The activity of the Ca2*~independent ATPasea was measured in the

absence of Ca2+, but 1d the. presence , of 0.2 mM 'ECTA. "’ Sarcoplasmic

\ 1
[

reticulum fractions from the LIN—group hydrolyzed the greatest amount of

i
ATP, while the fractions . from CAN— ' 'SFO= ‘and Ref—groups hydrolyzed. o
least. ., The SKF—group wasg interme iate (Fig. 43) The mesn activities

Waveraged over the first five minute

(umol per mg protein per min) were:
‘LIN 241 SKF, 1.88; SFO, 1.72; Ref 164 CAN,' 1.63. | |
_ The difference in the amount of ATf h;drolyzed by the total ATPases‘
and Caz*—independent ATPases was plocted as the hydrolysis attributed to .
the'Ca' ~dependent ATPases (Fig. 44) It was the highest in the SKF—

‘ and CAN—groups, lowest with LIN- and Ref—groups, while SFO group was]

intermediate. The mean activities, averaged over the first five minutes‘

"(umol per mg protein per min) were' SKF, 1.46; CAN, 1.36 6; SFO, 0.99;

Ref, 032 rm 032, . /
‘ In ventricles, hydrolysis of ATP by total TPases was significantly
‘higher (P(O 05) in SKF~group in comparison to lhe remaining groups 2—5.y ;i
'min after addition of the S R. fraction (Fig. 4 ) I The_mean activities,‘

;-yaveraged over the first five minutes (umol per .protefnfperfnin)unere:

’sxr 2 37 CAN, 2.07; sso” 2 07 LIN, 129,;%* -1-.9.

Hydrolysis by the Ca +-independent ATPases was still significantlyd :

oy
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K “Fig".; 43. A(;'tivity of’ C'az+—1'n’depe'ndent' ' ATPas‘es of sarcoblasm‘ic ’retiéulu&e L
1solated from atria of rats fed: eicher normal pellets or one of

'

four flat augmented dieCS for 9-12 weeks. Thé ‘reaet‘ion tnedium. ‘
| 'Iconcained o 2 oM EGTA a oM Mg—ATP 100 ot KCl o 5 m’ ngc12,,
kf.'ZO mM Tris—maleace, 5 mM oxalate, S mM NaN3 and 100 mM Sucrosel L
j‘v"‘at pH 7 05 and 37°C temp. Atria in each group were pooled':'l‘jl

‘together (n-6 7) to yield sufficient S R. fraction.
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‘7fig. 44, Acti@ity of Cn —dependent ATPasea of sarcoplasmic reticulum

isolated from atria of rats fed either normal pellets or one o£‘

> fou@f?at augmented diets for 9-12 weeks. Each point reptesents“
0&. |

' the difference between the activities ‘in -the 'absence - and

v

_ presence of 0 2 mM EGTA (Figs. 43 & 44)

L3



142

‘Totol SR ATPases
Ventricles
c
8 10}
o
) .
) Q
o
£
5 Br.
vQ :
o ,
Q).
- [7p)
2 |
-~ O
S ef |
O -
£ o} Ropeseeq
Q- O-Shegpfoyt ‘
= o Linseed L
< ] = Sunflower ’
' 5 4 - _ © Reference diet
& | |
. L 1 ' 1 2 “‘l . J
2 3 4 e
S.R.frocti‘on ; Time (min) L .

_added

"Fié,?AS T;tal ATPases acti#it} of sarcoplasmic reticulum 1solated from

' ventricles .of rats fed elther normal‘pellets or. og; of four fat
'augmented diets for 9-12 weeks. The rexction medium c;ntalned

e nH Hg-ATP, 100 mH xc1 0.5 mM Mge12.- 20 M Tris-maleate 5 mn;;f -
oxalate, S.JN NaNgQ‘lOO mM sucrose, and lOO nmole Ca2+ at pH“‘“‘vu

K 7 05 and 37 C temp.‘y Asterisk ( ) indictgs sigggfic;pt-

;”.diffgrencef’betwéen points (P(O 05 DunCan s<:multtpteiltangé

[N

I ‘test). Polnts are mean & S E M. (n-6 8) L
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greater (P<0. 05) in SKF-g roup than 1n the remaining four groups, =5 min

following addltion of the S.R. fraction (Fig. 46) The mean activities
‘ a {

averaged over the first five minutes (umol per mg protein per min) were:

-

-~SKF, 1.64; Ref, 1.34; SFo, 1.33; can, L-3; LIN, 1. 2£3

i
~

The hydrolysis of ATP by the Caz*—dependent ATPases, on the other

hand, was not found to differ‘significantly among the five groups (Fig.

o

A7). . The mean values for activity, averaged over the first -five minutes.

@2 +

(umol per:mg protein per min) were: CAN, 0,77;‘LIN, 0:77{ SFO, 0.74;
‘ : N o '

SKF, 0.72; Ref, 0.56.

4, 9 HISTOLOGICAL EXAMINATION OF LEFT VENTRICLES FROM THE DIETARY GROUPS

Histological examination of left ventr{a{es from che fLur dietary‘
groups was performed In five ‘out’ of seven. tissues isolated " from
CAN-fed 'animalsh ‘grade~ I necrotic lesions were observed! using
-haematoaylineeQSin stain'(Plates ﬁ ‘and 2) The sectio were scored

‘ I <.
according to- the grading system suggested by Svaar and Langmark’ (1980)

o]

where grade I is characterized by 1- 3 small focal areas with muscle cell
"jdestruction and infiltration of histiocytes and the other chronic
inflammatory cells. Only one 'tissue out. of five examined from the

SFO—dietary gioup manifested ~any lesion, which also happened to . be

classified as grade E (Plates 3 and 4) ‘ No lesion was detected in '

n

rhhhearts from ei:her LIN-group (n-5) or SKF—group (n-S),‘

"

To examine »for lipidosis, sections from the same hearts were'

‘
R

.lhlstained with Sudan black B or oil red 0 : A mild 7egree of lipidosis

Yo .
" I
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Activity of_C52+-1ndependent ATPases of sarcoplasmic reticulum

isolated from ventricles of rats fed either normal pellets or
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one of four fat augmented diets for *9-12 weeks. The reéction

medfum contained 0.2 'mM EGTA, 4 thMgdATP 100 mM KC1, 0. 5 mM
MgCl,, %0 o Tris-maleate, S mM oxalate, S oM NaN3 and 100 mM
sucrose at pH 7.05 and 37°C temp. Asterisk (*) “indicates
signlfIcant : difference ngjeen points (P(O;OS; Duncan's

multiple range tesc) Points are mean * S.E.M. (n=6-8)..
' A '

. .
. - . a

@
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Fig. 47. Activity <;f Caz*—dependent ATP;.ses of sarcoplasmic reticulum
fsolated from ven'tricl'es éf rats fed efther :ormal pellets or
one of four fat augme‘nted diets for 9-12 weeks. Each po(ﬁt
represents the differelnce‘ in ac‘tl‘vil‘:y in the ‘absence and
presence of 0.2 mM EGTA (Figs. 46 & 67:). No slgr.ufvtcant
difference u§§ qbservéd bgtv.{een' the groups (P>0.05; Duncan’'s

. e o
"multiple range test). . Points are mean ¢ S.E.M. (n=6-8).
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, K Co b
Plate 1. Myonecrosis and inflammatory. infiltration in heart muscle.

Photomicrogr#pﬁ of lieftv venﬁricmr muscle from a rat‘ fed
rapeseed oil suppl\emehfed diet for 12 wéeks. The section was
stained wifh heniatoxylin.and eo}sin. Arrows point to a?ea, of
degeherat;on of muscle cells - and in‘filtration. with chronic

- inflammatory cells. Magnification: x.240.



-y

————

Plate 2. A,highet'magnification of the lesion in Plate 1. It shows the
absence of muscle cells and replacement with histiocytes and

other chronic 1nf1ammat6ry,cells. Magnification: x 570. .

147
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Plate 3. Myonetrosis and inflammatory infileration ‘in heart' .muscle.

)

Photomicrograph of left ventricular muscle from .a rat’ fed‘

‘v

sunflower seed oll supplemented diet for 12 weeks. The .seetian

- -was stained with hematoxyl:ln and eosin. Arrows point to area

of degeneration of muacle -cells and 1nfiltration with chronic

inflammatory cells. uMagnification:.x 240.

J‘
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et T

v

Platé 4. A highgr\@&ghffiqationnof the Iesion'ih plgte.j. "It shows the .

' absence of'muaéle célls(ahd replacement with histiocytes énd
bther,chroﬁ1c~1nflammgtory cellsf‘ ﬂagnificatiod:.x 570.
; . ! . ' ) . ‘
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" was observed An all tlssues examined from the different dietary groups

and are. repreaented by Plates 5 and 6.
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- Plate 5. Mild cavdtac—iipidosis with high fat diet. '

sl

7“‘PhOtomvi‘crog‘r'aph"ofv‘1eft"‘,et‘,“triépla‘ll’. muscle frou a rat’ £ed shéep "

fat. SUF.’Plnemeintigd diet for‘-_"li we‘ek‘s.;“‘ The seEtion was ‘g‘tain‘éd"
with oil“red 0. Arrows point .to fat droplets ingide the musclé . -
_ fibres. "Magnification: x 1400, ST
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o '?lgggfs;-uiid”cérdiagjxipidasis‘@iQh.high"fac diec.f BRI ﬂf['“f '
"Photomicrograph of - left ventricular muscle from a: rat fed

linseed 011 supplemented diet for 12 weeks. 'I‘he sec‘tion ~was

’

stained vith Sudan black B.‘ Arrows point to fat droplets

.:j_'.inside t:he muscle fibre.-. Magnification"x 1400.
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The amount of food consumed by rats in each dietary group was n%t

1accurately determined. However, diet hoppers were always depleted to

| ahout the same‘level over the same periods of time denoting similar

-fhconsumption of different diets. Thislwas further confirmed by the lack

| of significant differences%}n weight gained ‘at the end of the feeding

Cvperiod.« At the same time there ‘was no: deterioration in the health of .

the animala .a indicated by vappearance ‘and ‘activitya : Also,"no .

differences ‘were observed in blood pressure and heart rate among the

'gfour groups prior to sacrifice.;-The conclusion must inevitably be drawn

: that the diets provided adequate amounts of nutrients as representeiiby

‘uvitamins essential minerals, amino acids,nearbohydrate and lipid Onlyf

" " the proportion of fatty acids present varied, and provided the basis for:

the present study.

‘5;2 EFFECTS OF DIETARY LIPID SUPPLEMENTS ON FATTY ACID COMPOSITION OF

CARDIAC PHOSPHOLIPIDS

f7 The methods used for the analysis‘of tissue fatty acids are well
{established (section 3 8)._ No differences were observed in fatty acid
ﬂlcomposition, between tissues stored under 1iquid nitrogen, for, a maximum vh
.period of 12 months, {and those freshly prepared.f: Also, precautions
f.taken against fatty acid oxidation during lipid extraction by using
‘Qhutylated hydroxy-toluene' (BHT) (settion' 3. 8 2) appeared 'Pé,

4

,;successful as. .no, peaks from oxidised species were seen on the traces.

R L
PR
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| The results of the present work clearly indicate that differences
exist in the fatty acid composition of the membrane phospholipids of
‘ ‘atria and ventricles of the rat heartt, and this is in agreement with the
findings of Charnock et al. (1983) o ) Gf
| In‘a.later paper (Charnock et al.; 1984) showed that the principal
differences in the fatty acid composition of membrane phospholipids from
atria and ventricles‘ were ‘attributable Mto differing amounts of
.individual phosphblipid classes “in .the Itwot tissues; ' Cardiolipin
dcontributes significantly to the linoleic acid (c18: 2,w—6) c0ntent\due p
to- the high proportion of this' acid present, while docosahexaenoic acid
| (C22: 6¢u 3) is concentrated in phosphatidylcholine, and \phosphatidyl—
ethanolamine.‘ | ‘v |
‘Although-thepamount ef,saturated ratty‘acida available in the rats
fed SKF diet was greaterdthan that fed to either CAN— LIN— or SFO—
groupa, little change was observed in the proportion of saturated fatty
4 acids among the groups for both tissues. jhor} did the ratio of
s:?turated' unsaturated fég;y acids differ. markedly among the dietary
groups despite the variation in the unsaturation index of the diet.‘ The.
"implication that this ratio is maintained by an ill defined homeostatic
imechanism is widely‘recognised (see Gibson ‘et al., 1984) yet no cIear
?explanation for thif mechanism has emerged.,f ‘ y
It 18 in the unsaturated fatty acid constituents that the greatest

"‘degree of variation occurs, but even here, the changea are small in

__comparison to the ‘proportions of the unsaturated class pre‘curaors

’
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‘ ., present“ in the“-dier (‘Tables l‘ 19 and:'S)‘ The unsaturation 1ndex whxch
is broadly related to membrane fluidity (Katz and Mesaxneo, 1981a and b
. Stubbs and Smith 1984, ‘Spector and. Yorek, 1985), is kept ‘within“'
relatively narrdw bounds. This 18 achxeved, apparently by mcorporating\
~acids of é’he w~6 series where they ‘are abundant in the SFO diet b t
where tneir proportion ie reduced ac;ds of both w—9 (monounsaturated') N

.and w-3 appear in. compensatory higher proportions.‘ ' This 'reciprocal.

'relationahip between the proportions of w~ 6 and (0—3 ac1ds has been

! Ke

- c‘ommented on by others (Kramer 1980 Tahin et al.’ 1981 De ‘Schryver‘
and‘Privett, 1982' Cibsen et ‘al., 1984 Charnock et al., 1985&) A The
'preeent work draws attention to the combined role of both w-9 and w- 3
acids in maintaining' the un‘saturation ind‘ex‘. Even so the o6 value;
shows only modest variation among memb;‘ane pnosphblipids of the SKF— -
CAN—- and LIN-groups despite variations in the dletary supply exther\ as a
‘percent of total fatty ac1da or of unsaturated fatty ac1da. ‘
A.B‘others. havé noted (Kramer,“ Farnworth and 'I'hompson, 1985) the”
proportion of arachidonic acxd m membrane pnospholipids is remarkably
constant,lreflecting, pernaps the important role that this ’ac1d playa.
as a precursor of pharmacologically active eicosanoids. . Varlation 1n”"
the @-6 group :ls largely caused by varying the linoleic ac1d (C18 2)‘
‘content of the membranes, and by d1‘r'ferent amounts of the products of"‘

'elongation of arachidonic ac1d namely docosatetraenoic (022 4,m 6) and

N
P
N .

'docosapentaenoic (022 5 u)r6) acids.



muiB be‘ postulated ‘to explain the: apparent homeostasis flythe

A

A further paradox is that the proporgions of 'the w-9 and w=3" acids

that do appear ir\ the membranes are nor always in keeping with their

157

proportions in the diet. ln the sheep fst supplemented Aiet oleic acid .

-~

(C18 l w- 9) comprises 88 .42 of =all unsaturated acids, yet the proportion,“

tissues from animals fed .a rapeseed supplemented diet where oleic acid

of oletc acid in membrane phospholipids is sppreciably less than in‘

is‘ 64%2 of all unsaturated acids. Sheep fat diet contains only 0 7Z w-3

¢

' membranes of animals fed this diet contain the highestﬁproportion of w= 3"‘

acids (present largely as docosahexaenoic acid)

Tt 1is clear, therefore, that 'th‘e simple elongation‘and.desaturation

‘acids (prese’nt’ as'linolenate) (L.3%_ of unsaturated scids) yet the‘

of substrates by the elongase sys‘t’emor A8 desaturas&e on the basis of. .

substrate specificity as described by Cook. (1982) and Brenne‘r‘and

Peluffo: (1966) - and the proportion of substrates provided che diets 1s

insufficient to explain th&% ultimate composition of phospholipids,

Nor can mutual substrate inhibition of th three fatty acid metsbolic,

S
pathways by the dietary supplies of the progenitor acids as described by

oA

/

‘_-“derived from animsls fed the four diets %ixsed in the present study are

,' . "

f

compared.:- o

: A more complex series of controls, as suggested by Naughton (1981),

. N

\
[N

. . . . . . . " “r ' ; Lo
o . v .o ' ) o -
. . L B ' y - . . A
. o L B . o .
. R . . . o . , o . . [N .
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Mohrhauer and’ Holman (1963) explain t;he anomalies ‘seen when tissues_'

saturate/unsaturate rstio, arachidonic acid’ concent, unsaturation index,‘f AN

. and“. by .'extensio'n, ‘p‘robably- ‘ 'membrane ‘ fluidity "‘noted *in ‘ the ptes.s"nt_ TR ;
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study. < An examination one individual phospholipids present might .

provide greater insight on Jthis poasihility. ‘
VaNE L .

5.3 EFFECTS OF DIETARY LIfID SUPPL}:MENTS ON CARDIAC CONTRACTILITY

* -

wep wPrevious reports hve suggesFed that dletary liptds might affect
é&'&\

dlac contrac lity (Pe Deckere and Ten Hoor, 1979, 1980; Hoffman et

a ., .\l\aﬂlm these workers used the {solated perfused whole, heart as

“the experimental modelL «'While such models are valuahble, interp,retation

(
of the data with r}aspeet to contractility is rendered difficult, because-

of varying chronotropic and perfueion characteristics *inherent ‘in the

system. It 1s not ‘cert,lAin, for instance, ‘to what eéxtent Ith,el‘increesed

force of contraction &een by P(offman et al\( (l982). in hearts from

-~

animals fed linoleie acid rich diets was attributable to the reduced

rate of spontaneous contraction'in Xhe same tissues since frequency of

contraction 1s itself an inotropic factor, De Deckere and Ten Hc'>or
-

,(1980)- in sidﬂg work noted that the . 8pontaneous. frequencies of heartg. .

from sunflower seed oil fed animals were~higher than uhose from lard fed

-

ani‘mals. Despite: this the left ventricular work 0urput was greater in

the sunflower group when hearts were driven at a‘ constant rate. The *

R

'observed increaced coronary flow w0uld of course provide greater‘&

R
v

¥

L

ERU

T
»

oxygenation to the myocardium and thus increase work capacity. The-

u . .

present s;udy haa concentrated on the isolated tissues from the heart in:
: \

an attempt to avoid th’e complications of variable frequencies and

b

'coronary flow, and to ainvestigate the different- responses of atrial .and

Q&Pillaw muscles. S B , tLoe
% .v " ' | ”~

7

\
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5.3.1° Dietary Effects on Length-.'l‘e.nsion Relation

The relation between muscle length or sarcomere length and
developed tension for lengths up to the optimal for contraction (Lpax)
is much steeper in cardiac muscle than lfn skeletsl muscle (Gordon et
al., 1966; Btutsaert ‘and S'onnenblick 1969; Forman et al., 1972). The

steepness of the cardiac length~tenalgn relation arises because the

’

degree of activation of the cardiac myofibrils by Caz* increases. as

muscle length is increased (Jewell, 1977). Allen and Kentish (1985)

/

suggested that two processes contribute to this length- dependence of

4

aetxvation: (1) the ca’t. sensitivity of the myofibrils increases with
muscle length and - (i1) the amount of ca?+* supplied to the myofibrils

during systole increases with muscle length.‘ Of* tliese two, the change

in Caz*'sensitivity is 'the most clfearly defined and is.responsible for a
¢ large part of the rapid change in developed tension when muscle lengt'n
© is altered. It is 11ke1y that this change in Ca?+ sensitivity is glue to’

a change in the affinity ef troponin for Caz+ (Endo, 1972, Fabiato and

1

Fabiato, 197‘8; Moss et al., 1983), but the underlying mechanism has not
‘been identified. . A ;:hange in the Ca?* supply to ;hje myofi‘br_:‘l\ls with
cnange in length is les‘s ‘clearly established and is:'stidllr-”eonttsversia‘l._
: : . 1/ . _
The results  obtained in this study ‘sh'o"v:ed ’no' 'alterqtion in
length-tension relationship of atria ané papillary muscles from the four
.rdietar‘y groups, suggesting a lack of’effect of dietafy ”ﬁpids on the~

Loy

sensitivity,of the contractil'e‘elem'ents to“,‘Caz“.

. e ) "
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5.3.2 Dietary Effects on Contractile Responses fo ca?*

Ten Hoor et al. (1973)° noted that an absolute deficiency af

e,

linoleic acid in the diet caused a profound reductioh™ in the tension and
contractility of isolated papillary muscles over & six month period. In
the present study, however, the four d}ets contained adequate levels of

linoleic acid. Our results indicate a differential inotropic response
. L :
between atria and ventricles towards Ca?* after -9-12 weeks of dietary

supplementation. The‘finding that tissues from CAN-group manifested, the
lowest tension, is supported by the results of De Wildt and Speijers

(1984). They observed less contractile reserve capacity, after posit?%e

.

lnotropic iatervention, 1in hearts of 4daimals fed rapeseed oil in
comoarison with animals fed either SFO or erucic acid supplemented
diet. . This led to the.conclusion-that the decrease in contractility
could not be attributed to erucic aeia, nhich was also absent in the

rapeseed 0il utilized in the present study.

[l

. ‘ . . . )
Precisely how external calcium ig capdblelof affecting the force

developed during e twitch tenaion is a-matter of debate'(Fabiato and

: /

Fabiato, 1979a), as is t" relative contribution of extra - “and

lntracellular Ca2+ to contractile activation. It certainly varies

b )
among epecies, with the most extreme case being the adult rat heart, -

where Ca2+ 1s mainly derived from 1ntracellular stores (Fabiato and"

Fabiato, 19783, Vornanen, 1984) However, there is general agreement

- Iy

‘that there are atwy least two stages for Ca?+ inyolvement in. force

development. The ffrst stage involves a transsarcolemmal movement of

¥
. ¢
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Ca2+ associated principally with the plateau ef the action potential
(Langer, 1976, 1984). The second stage M nvolves the release 1into the
myoplasﬁ of ca?t held 1in sarcotubular stores and 1s‘dependent on the
first stage (Langer, 1980; Chapman, }983). That‘is to say that the
tension developed during the twitch 1s a function of the ‘amount 5§
Ca’* crossing the sarcolemma during the excitation of the cell. The
Ca2+ available for this purpose 1s ‘currently believed to be bound in
part .to anionic phospholipids of the. sarcolemma and eiso to the
glycocalyx (Butt_gg al., 1984; Langers, 1934; Borgere et al., 1985) ane
is sensitive to external Ca?l*t levels (Kitazawa, 1984), Since the.
proportions of the var;oua major classee of phosphofipids in memﬁranes
are unaffected by dietary lie;d variation (Kramer;' l98b; Charnock et

©

al., 1984), caZ* binding to membranes ,on  account of phospholipid

-

proportions cannot be altered. However, although ca’t binding to each
phospholipid meleCule occurs at the anionic head group, the extent of
bﬂnding .1s 1nversely affected ‘by the degree of unsaturation of .the
constituent _écyl chains (Holub end Kuksts, 1978). Although the
compdsition of sarcolemmal bhoepholipids wae not determinpd sepafatély
in the p;esent study the possibility that the binding of Ca2+ to the
sarcolemma is changed by changes in the fatty acid composition of the
sarcolemmal ‘ phospholipids. cannot be rigorod’hly excluded ‘e's an
:bekplanation for the difference in contractility observed. Hitherto the’

diséué?ion has centred on fatty acids in membtane phosPholipids.‘

Howevet, free fatty acids also exist . inside cells and may have effects

[
L.

o .



. 162

- : . N

noticeable . in contractility studies. Lammers and Hulsmann (1977) noted

[

that free ‘fatty. acids caused {inhibition of ‘(Ns* + K*)ATPase; a
biochemical‘ intervention _ that normally causes a positive‘ inotropic
response -in the intact beating heart. N Using purified cardiac
sarcolemmal vesicles, Ashavid et al. (1985) studied the effects of two
‘Gfatty acids on Nat dependent Caz+4uptake. Palmitic acid was found to
inhibit,. whereas oleic acid stimulated initial Cazf uptake withOut
disruption of membrane vesicle structure. Munkonge gtﬁgl. (1985) noted
that oleic scid, but not palmitic acid,‘could uncouple Caz+‘accumulation
from the catalytic activicy of‘Caz+-ATPase in vesicles of sarcoplasmic
reticulum and at higher.foncentrations (2umol per mg memprane protein)
completely inhibit the enzyme.) This observation was turther supported‘
- by ‘the findings of Utsumi et al. (1985) who reported an enhancement of
ca2* granslocation across liposoma1~membranes,.from the outside to the.
_inside, by unsaturated long chain fatty acids; oleic, 1linoleic,
linolenic and arachidonic. : Such an ‘' effect was not observed yith_

@

saturated,fatty acids. Due to the fact that the potency of the various
»

A

fatty acids in the stimulation - of - Caz+p.transport was inversely

A

cor\elated with their melting points, it was Suggested that these fatty
'acids might alter some of . the physical properties of membranes, e.g.
.*fluidity, which in turn can influence the activity of certain membrane

bound ‘;zymes as- (Na"' +- K*)-ATPase (Abeywardena et al., 1983), or affect'

“way the protein channels resulting in an alteration' of

ibrane ion movements (Katz and Hessineo, 19é1§<\~11*:f'- Y T.
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A relatanshxp between phospholipid aeyl chain unsaturation and
~fluid1ty is supported by studies of model and natural membranes. Cis—
‘unsaturation of phospholipid acyl chains increases the molecular packing

areas in monolayer84 and bilayer liposomes‘ (Demel et -al., 1972)  and
: enhances the fluidity of model membranes (Lentz et al.,_l976 Seelig and

Seelig, 1977). Changes in the flu1dity of biological\membtanes owing to
alterat1ons in the content of unsaturated acyl chains bave been observed
- . ’ - .

by a number of xnvestigators (Kasax et al., 1976 King et al,, 1977'

L
King and Spector, 1978 Stocrch and Schachter, 1984) but not by.others

c"

m; R \

(Stubbs et al., 1980; McVey et al 981; Poon et al., 1981 McMurchie

o

t al., 1983c) Abeywardena et al. (1984) proyided convincing evidence

that dietary alteration of membrane phospholipids had no effect on the
- ‘;;_‘
critical temperature of Arrhenius plots of sarcolemme (Na+ + K*)ATPase,

sarcoplasmic reticulum Ca2+—ATPase or mitochondrial- F1~ATPase,-nor on

polarlzatlon fluorxmetry of these membranes, and 80 an 'effect‘ on
phosph011p1d flu1dicy may be, discounted. Although free oleic acid can.

affect membrane fluidlty at -concentrations of flumol per mg protein

",u'."l oo . —— s -

(Munkonge et al, 1985), and it 1is assumed that thisg effect extends to

-

other more unsaturated fatty acids, 1t is noC known if the concentration

L]
. -

‘of free fatty acids available in the experimental tlssues could account

-
L)

for changes in contractility by th;s mechanism.' The subject of free

fatty acid concenttatlons in heart tissues 19 controvetsial (Victor et
' . .\\:. ‘

al., 1984; Van der Vusse et al. 1986) Although congentrations in vivo

B3

are probably :o;_low ffort_sign;ficantl 1nterca1at;9n; into,.membrane

s } »
Denp e g m et o R o S ’n’.'.v
& o : Lo . o )
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lphospholipids, in the marginally hypoxic conditionskof in vitro

.

,preparstions these concentrations may rise and affect the contractility

of muscle (Henderson et al. 1970; Dryden - personal communication)
[
Thus the possibility exists that inotropic differences ‘may . be ascribed

‘uto free fatty acid generation in the conditions of the experiments,
, N

-

described. " ‘ o o .‘ ' : L
* Inositol phospholipids \have recently been recognized as . an
'&dditional system cspable of acting gs second -m'essengers‘ in a wide

»vsriety of cell types" (Berridge & Irvine,‘ 1984' Hirasawa & Nishizuka,

1985).  Although the complete sequence of events is not at present

-

known, the steps involved in signal transduction involve the release of

inositol 1 4,5 -triphosphate‘ and diacylglycerol from the membrane

embedded phospholipid (Berr’dge 1984). Inositol 1, lo S-triphosphate
'(ITP) has been postulated “to, release C82+ from ihtracellular stores

(Michell 1975; Berridge, 1983,_ Streb et al., 1983 Burgess 1984

.

Joseph et a 1984) g.ncluding those in skeletal muscle (Vergara et al.,"

—

1 1985). Ir\a addition the Ca 2+ sensitivity of chemically skinned skeletal'
musgcle fibres is enhanced by exogenous ITP (Thieleczek and Heilmeyer

' 1986)‘.. Diacﬂglﬁcerol ('DAG), on the other hand, is believed to activate "

Yo
:/" ; m‘ o

-protein kinase C and in turn modulate cell function (Takai et al.,‘ 1979
p ‘

s Kishimoto et al.,. 1980-‘ Kaibuchi et al., 1982- Taksi et al., 1982 ~

Nishizuka, 1983). '*, o k.f r_‘7'

There is recent evidence that cardiac tissue is also sensitive to a
: ‘ Vo

: yl inositol mediated messenger ,system (Knabl; et al., 1984).

@ . .
o LT . . i . S . S . ol
. ,:_ . . N ) o . fo L R
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the fatty acYd composition of the surrounding membrane phospholipids, or '

the fatty ac composition of phosphatidylinositol itself following

dietary‘ pressuré‘ (Van Rooijen et al., 1985). It 1is not known if

diacylglycerols of differing fatty acid composition exert qualitatively

or quantitatively different responses, or if phospholipase Cc activity is

| affected by the DAG composition in the substrate phosphatidyl inositol\;

jaY;

‘ - F R Y5

It is possible to postulate an effect of dietary lipid mediated either‘~

’

through different amounts of ITP release or different effects of . che'

released DAC Again this presents an area for further work.

.

% -

5.3.2.1 Do dietaryllipid‘suppléments modify myofibrillar

responsiveness to Ca2+7

One of the mos t straightforward ways of obtaining evidence about.

how an - intervention alters the myofibrillar response to’ Ca2+ is through

the use of skinned, or hyperpermeable muscle fiber preparations, in

'which tHe relationship between Ca2+ and tension development 'can be-

explored directly. J- t_" ‘ ' o R , 'mzf’

Y

Treating }eft atria and papillary muscles with EGTA*abplished *heii;h,-

~ -

.fpreviously observed differences in - contractile force, denoting a lack of

-

iclear explanation, however, for the severe dr0p in the maximum tension

VEdeveloped by . skinned left atria in comparison to that seen in the“!v“

u

'f‘electrically stimulated intact tissues. Kentish and Jewell (1984) notedif”

-effect of diet on the contractile glements of the tissues. There is no:;,"b




different structure of the atrial myocyte. :

: that thick trabeculae from rat heart also exhibited low contractile

‘A

'tension. which they believed due to a failure of Ca2+ to reach ail of:
‘the myofibrils. It is possible that, despite the thin walls of rat .

. atria, 7a similar phenomenon wasg occurring. Alternatively, atria may

)

: display greater resistance to the EGTA treatment on account of the

¢

1

It is also unclear why papillary muscles from the CAN- group

maintained a maximum tension similar to that manifested by intact

' tissues,,while it became considerably less in skinned papillary muscles

from SKF- and LIN- groups. It seems unlikely that EGTA exerted a‘

differential effect on tissues of the different dietary groups as

0 i \

phyaical;dimensions were the same, A preferred interpretation is that
Y .

membrane regulated differences in contractility were abolished by EGTA

treatment»revealing a uniformity of Ca2+'sensitivity at the level of‘the

v

‘myofibrillar protein in all diet groups. ‘ P ‘ o S

S Miller (1979a, l979b) has criticized 'the use o£ EGTA to chemically

,~skin cardiac tissue.' Using frog heart he and his co—workers found

o extremely long”lasting action potentials (and thus long periods ‘of
ymembrane depolarization) and increased sensitivity to bath calcium ion-
fin EGTA-treated tissues (Miller and MoisesCu, 1976 Miller and Morchen,'

";1978). = The latter finding was attributed to the Na :- Ca2+ exchange

Lo,

mechanism. Miller concluded that his frog preparation was not Qinnedf” !

and that a decreased resting potentialﬁandgsensitivity to bath ealcium;

N




are not sufficient criteria that ‘a. preparation\‘is skinned.. He also
Vi )\

, speculated that . ECTA treatment‘of mammalian tissue might not result in a.

B

.functionally skinned fibre. Specific rebuttals to ruiler 8 criticisms
.|A‘ \

'have been offered for the use, pf ECTA to skin mammalian cardiac musdle

* .

(Winegrad 1979). Morphologicél studies as well as physiological tests

(i . sensitivity of the preparatione'to Mg2+—ATP removal (McClellan and

ul

Winegrad 1978), together with the observation of Fabiato (1981) that

solutions containing EGTA and mil imolar Mg 2+ .cauged disruption of the

; anrface membranes of single .cardiac' cells -argue- strongly .for the

adequacy of EGTA skinning‘

.

Miller et al. (1985) using‘ rat ventricular trabeculae, showed that

‘lanthanum ions failed to" penetrate ”the sarcolemma of EGTA ‘treated

T

v K v
o Ty I.
l o ‘

. _ & , | ‘
contractile time courses were consistently slower with EGTA treated

Ag" _,I:'
tissue4 althOugh the - Ca2+—senfitivity was identical to saponin or Trfton
*\,.‘h o

‘ treated tissue (Miller and 'Smith 1985) ‘ Kentish and Jewell (1984)

n{mammalian preparations. Further studies by‘

© muscles, *although they. entered Triton X—lOO treated tissues. " The 3

. 9 .
cqncurred in the view that while Ca2+ permeabi ty was increased 1in. EG%A o

W o

treated muscles, some degree of selective permeability was retained and

H »

F.:the Ca2+ environment of the; myqfibrils was insdequately controlled.ﬁf

v,_ " ,.‘

Nonetheless, the consensus is that ignoring the slower time cohrse off-'

iE

:~‘. . e + v :

Coaehe v ! '’

GTA trsated tissues will respond to external calciumi}ﬂ_fﬁin

in a manneqaquantitatively comparable to other means of f~’

e o e - L
R i - L »ﬁ'% £
PR R N . } [ ‘ R
SO T N



168 -

-

‘ ~— . - ' \ ) } 3 .
5.3.3 _The. Contractile Response to Bay K8644

Calcium channels play an important role in excitation—contraction

a “

c0upling in cardiac muscle.w Agents that‘blocknthese channels depress
cardiac contractility. The most potent and specific of the ca?t channel
\blockers are. the l 4 dihydropyridines, typified by nifedipine (Vater et

al., l972) Recently, a. nifedipine derivative that acts as. positive

inotropic agent was reported (Schramm et al., 1983a, 1983b). The drug,
Bay K8644 {8 considered to be a’ calcium channel agonist' (Towart and °

Schramm, 1984) in cardiac cells it appears to enhance calcium influx
. ' [ L

) (Wahler and Sperelakis, 1934) Single cardiac transmembrane - ca?t
channels have three modes of gating behavior in the absence of drugs,

[

[

expressed ‘as current records with brief openings ‘(mode 1), with no.

,‘opening because ‘of channel unavailability (mode 0 or null mode) and with

long‘lasting openings and very brief closings that appear only rarely

(mode 2) (Hess et al., 1984) ‘ The dihydropyridine Ca ‘ agonist Bay .

K8644 enhances Ca channel current by promoting the prolonged open state
g(mode 2) (Kokubun and Reuter, 1984 Ochi et al., 1984).- Recently, itﬂh
,was shown that, unlike 8-agonists, Bay K8644 positive inotropic actionv:}lﬁ

"

: dbes not involve cAMP as a second mess%nger (Bohm et al., 1985). 1t is e

.

hf.not clear why the differing responses of atria from the dietary groups :f,f

:;;‘of tissues to BAY K8644 at. .75 mM Ca2+ do occur (section 4 5 5 ) (Fig.v




R A.;‘.“f".‘ . o | L ‘ ‘ ' . | ‘ ‘1'69

R T

. Sl(F-gro'up,‘ and therefore fewer would be available to be unnaturslly.
e, ressrained in this mode of prolonged open state. Thu_s‘although SKF

X «« .' - |
r\', .
A5

SRS Ym%es'had a hi?her intrinsic contractility, their potential for
ﬁ" .

'f ',_ 'i’e inotr stimuilation by BAY K8644 ‘was less. Also, Caz"" -
ch"annéls i, tissues fr;om the CAN- group might have had a greater
A individual conductance a1 response to Bay K86‘04 an? thus a greater

a

‘ triggering‘effect on Ca‘2 Lreleas\e from intracellular sites resulting in

a higher tension developm nt. There has been considerable apeculation

that al"tﬁ'f:ation i‘n memb ane composit‘ion could raffec‘t ion ' channel .

E conductance. (Katz and Messineo,\ l981a, Spector and \;orek 1985)

However, no definitive evidence has yet been provided that fonic current*‘.

[ . \

through ‘any natural chhnnel is altered by changes of the type postulated

in the preseqt eXperiments. vIt remains an item on whlch defipitive
a1 \
. , ‘ .
evid.ence ‘18 lacking. In, contrast to. atria, papillary muscles from

A-

SKF—group displayed the greatest increase in tedsion as welI as the'
greatest initial tension (Fig. 17) The other Bhree dietary groups‘
‘. - ‘ ]

. displayed very‘little response tq, BAY K86lolo which contrasted with their

vresponse» to 1ncreases in external Caz"' concéntration (Fig. 4) 'rhev

. +
m-‘. [ - ” \

gh exte\rnal Caz"’"';

his should be so is not obvious, althou

P 1_‘ o . *e.-‘
Do (see 5. 3‘2)‘ it ought not to be surprising that the response, to. Bay K
. “ 1 . Ll
) \_8644 differs from th ‘to Ca?"" alone, and may indicate a mechanism for‘ S

‘

;t’ne effect of dietary lipids in influenci.ng contractility.
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" . - Associated binding studies using 3H-nitrendipine have indicated no
difference in efither KD or Bnax in myocytes from .animals of

different diet groups (Dryden'"et 81.3, 1985) ‘ Thus the affinicy‘

ldisplayed‘ by~a ~dihydropyrid1ne antagonist for the receptor, .and the
' . ' [V ".‘ :
total number of binding sites appear to be the same in hearts from

““animals of each group. If this is so, then the differences in response

‘must lie at. the level of calcium channel function d.e. differehceS‘in‘

th° kinetics of' change from .the various states of the calcium channel
‘ : *
or differences in‘individual channel conductance.‘ lhe differences in

response between‘ atrial and ventricular tissue * may Well ‘reflect

,‘w,

differing dependence on . the inward Ca2+ current in the production of'

overall tension,'particularly in the rat (Fabiato and Fabiato, l978a,

,

~

’ Vassalle, 1979)

o
o f . .
S 4 . P

5.4 DIETARY LIPIDS AND THE SUSCEPTIBILITY OF CARDIAC TISSUES TO .

(
f

DYSRHYTHMIAS

The results obtained in this study clesrly indicate a dietary—lipid‘

B »

influence on the genesis -of dysrhythmia in 1solated cardiac tissues.

;ﬁ Atria and papillary muscles from CAN—group wete least susceptible to the J}'

dysrhythmogenic effect of Cszf snd isoprensline. . ;»‘ﬂi.' <’ .? ﬁ_if'

;; Dysrhythmias result from abnormalities of impulse initiation or

impulse conduction or a combination of both (Hoffman,‘ 1966).‘, Inb‘

'
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increase An contractility can render the isolated tissue hypoxic;  as the '

v rate 0f oxygen utilization exceeds the rate of oxygen diffusion from the -

e

bathing el Lum into the tissue. ‘ Both %2+ ‘and hypoxia wiii then induce

A

., a tranm~ afterpotentiai (alao calied an’ \oscillatory afterpotential)

that generates spontaneous pacemaker activity (Fozzard 1983 Wit and

Rosen, - 1983) Aithough not without its aceptics, a direct relationahip \

/‘. L}

appears to exist between developed contractility in isolated tissuea .and

v "

their Suscepcibiiity to dysrhythmia. Atria ‘and papillary mu’a“clea i’rom""

.\ . ) . o ' . \‘ v’(.\
CAN- grOup displayed both the_, lowest . contractility and the lowest

[

v_dirncidence ‘of dysrhythmia at the\hig%er congntrations of Ca2+ Thi‘

' opppsite was qbser\;ed in SKF-gr;up which in itself was not d,ii;ferent-v_'
from the SFO—group, thus contras-ting with the findings ofl Charnock et

" -“a_l. (1985b) after six months of dietary augmentation. ‘ s

oo 1 The incidence of dysrhytﬁ’mic response to isoprenaline was greater o

_ than that induced by Caz*‘ Tissues from the CAN group continued to show

-

the iowest incidence, but the most sensitive group was LIN rather than‘

g

PR el
.- SKF%, ... The mechanism of" induction f dysrhythmia ,has long been‘

4

yet *surprisd.ngly littie- stud’!e Recent evidence has

sted that natural catecholamines are note obligat,o;y mediat‘ora of.

; Coe ce MY '_ . .
dysrhythmia, and that ischemia, or at least hypoxia is the primary
> \“ i oL to

stimulus (Daugherty et al., 1986 Szeheres et al\r 1986) Adrenaline, in

anesthetized cats, caused dysrhythmia that could not be abolished. va' p
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"" l\ a
f‘éction was not excluded 1in these experiments (Korczyn and Teplitsky,
1984). As 1isoprenaline was used 1in the present experiments, ‘any

‘a~§dfenoceptor medlaced effec; was excluded. However f{soprenaline (and
ﬁﬁgrepaline) {n addition to ‘enhanceda Ca?*® kntry dyring the action *
‘pétential (Reutem, 19745 caused an acceler;tion of calcium channel
repriming posslbly by a mgchanism dependent on BHadrenocepgor mediated
. {hcreases an {ntracellular cyclic-AMP levéls (Sutherland and Rall, 1960;
‘“'“.Krebé,-1972; Katz et al., 1972; Kirchberger and Wong,'1978; Katz, 1979)
. : ] .
and more rapid sequestration g¢f cytosolic Ca%*'(Shimoqi et. gl., 1984).
Sgch a éhenomenod'is common {n tissues depleted ofldxygen. The net
effect 1s that membrane ‘refractortness 15 reduced and the tissue 1s
predisposéé to re—entrant dysrhythmia. In addi;ion the same authors

reported an' enhancement of the rate dependent {increase in slow 1inward

current. Thus 1in conditions of hypoxia, where premature ectopic focl

arise, the heart 1s predisposed to respond with A burst of tachycardia.
It 18 doubtful 1f ré-entry pathways exist in the.small tissues used in
the present work, but the induction of dysrhythmia seems likely to be
attributable to hypoxia, as the oxygen demand outstrips the supply
available‘ by diffusion from che bath solution. This effect .13 the

greater 1in the presence of 1soprenaline,. rather than elevated Ca2*t

*

alone, due to the effects of isoprenaline on ng* currents.
None of the foregoing, however, includes any role for fatty acids,

either in phospholipids, triglycerides or free, However membrane 11pid

composition can influence the activity of brain adenylate cyclase (Babe
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et al., 1984). If this 18 a general phénomenon, then heart adenylate
cyclase too may be affécted, although a preliminary .communlcation by
McMurchie (1986) would deny this possibility in the r;t.

Catecholamines are weil known stimulants of lipolysis of endogenous
triglycgrides, causing {intracellular accquIac1on of free fatty acids.

»

" and thglr metabolites, acyl Co-A and acyl carnitine (Opte, 1976; Jesmok
et al., 1977). As findicated in section 5.3.2., significant elevation of
free fatty acids can profoundly- affect several essehtl&r membrane
assoclated functions of the cell. Frée fatty acid prod;ctioﬁ. in
1sopre?a11ne stressed perfésed hearts 1s greatly lncreaged 1n tissues
"fro‘m_sxF animals and‘”much lower in CAN animals (Dryden and Wong -~
unpublished results) providing experimental q;ubstantiation to this
latter hypothesis. ‘

The fatty ;hld composit{ion of cardiac meﬁprane lipids could
influence the cardiotoxicity of catecholamines. As previously mentioned
(section 1.5) Yates and Dhalla (1975) héve. suggested that the.
cardiotoxicity of catecholamines 1s primarily due to the corresponding
adrenochrome (i.e. oxidatlon proguct of the catecholémine). They
observed, in {solated rét hearts perfused with oxidized isoprenaline,
ultrastructural changes and .impairment of the functional capacity oé
cardiac,muséle. ’The same investigators Suggest that adrenochromes could

in turn stimulate microsomal peroxidation or oxygenation of the polyene

fatty acids to various fatty acid. derivatives which could affect the

N — B )

cardiac cell adversely.
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54441 Influence of Dietary Lipkds on Mortality Following Coronary

Artery Ligation
. | .
The 'results of the present |study demonstrate an fafluence of

dietary lipids on overall mortality following coronary artery ligation

(CAL) in anesthetized rats. Animals fed the CAN diet snstq{h@ﬁ the

lowest jncidence of mortality in comparison to the other—three groups,
although' the difference was only,scntisticaily significant between CAN

and SKF fed animals. -‘However, a distinction should be drawn between the

|

causes of death® as those are quite . separate and poasiSiy unrelated.
. [ .

When fibrillation alone is considered as the cause of death, there was

' ‘ l .
little difference 'in the incidence of mortality in CAN and SFO groups,

and although’ the incidence in LIN aﬁ; SKF was higher, this difference
.was ' not significant. It must,be admitted that a larger sample size
mighp have provided sufficient |numbers in each categorf of death for
existing differences to assume’statistical signifiqance. However, the
present sample size of ten provided insuff;cient dlscriminatién. This
result agrees with the study rgported by Logan g&_gl,'(l977) that fafled
to demonstrate any difference in fatal ventricular dysrhythmias fn rats
fed richly polyunsaturated safflower oil or more _;;Euratgd beef. fat
supplements. It is, however,‘in direct contrast to the observations of
Lepran et al. (1981) and of McLennan et al. (1985). The former work
f ound chaﬁ rats fed a diet supplemented wi;h sunflowgr oil offered

greater protection from fatal dysrhythmias than standard rat diet.

These two diets were not isocaloric, and a close comparison with the
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present work is difficult. ' The same cannot be said for the diets used

by McLennan et al. (1985). There the two diets (SKF and SF0O) were
v §.’ : ~ ‘ .
rigorously controlled and isocaloric,' almost fidentical to thdse us@é\in
- \ } ) . S
this study. However some differences in methododogy exist that might

L)

serve to explain .the apparent contradiction in results. The rats used

. in the present’ work were much younger at the onset of feeding, a4nd fed

for a much shorter period of time, whereas MclLennan et al. (1985)\used'$
older rats (80d) at the onset of«feedihg,';nd continued the feedingrfbr
a copsiderably longer period of .time .(7 months and * 20 monEhs).
Significant differencesAin dysrhythmia sdgfe and ventricular extra beats
were seen only after 20.mo§th§ of feeding. This plus other resultg
(Charhock;ég‘gl.,\}985b) led' to the suggesgion that agg plays a role 1in’
determining myocardial pathogenicity. Thus the much.younger age éf the
animals used in the present study® may have protected them from'
ventricularhfibriilat1on. Secéndly,.the degree of 1ischemia imposed in '
the present experiments was more global than in Mclennan's work, as _the
liéature,was placed higper*on'the main left coronary arter}igPersonaL}
communication to W.F. Dryden). Therefore there may be no 'direct‘
confliét in the reSultg of these two. studies. |

Cardiogenic shock contributed substantially to the overall

incidence of mortality in the present study particularly in the SFO-

e

~
S
L 4

group. It has not been documented. in other reports, but the minor -
differences in the degfee of ischemia sgtemming from the  positioning of

the ligatﬁre may diccatg the natire of the overall cardiovascular

o

N
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response. In the present experiments, the response was all-~or-none, and

no quantification of the response itself was possible, in contrast to

- . , Lo . . [ »
. |

the previously quoted reportseh‘ '
' f !
It 1s difficult to speculate on why the relative youth “of the
W
animals used in the. present experiment (and those of Logan et al., l977

and the 7 month fed animals of McLennan et al., 1985) protected them

from the” dysrhythmla séen in older animals (McLennan 8 20 month fed

Cy ,‘.\

group) particularly those fed SKF, Analysis of fatty acids p%esent in

total ventricular phospholipids reveals progresqive changes over a 16
. < LN ST

month period of time‘ but only fh the SFO' fed animalh (Charnock et al.,

\

1983 . Charnock et al., 1985a). The fall in D» -6 accounted for largely

by a depletion of linoieic acid (C18:2,0~6) present and in the rise in

-

Iw-3, as docosahexaenoic acid (022:6,w—3)’proportioéa increase, indicate

a change with time fin the fatty acid profile of .the SFO group towards

that typical of cne SKF group, whichk‘remaineda telatively "constant
‘thronghout.

Althoggh the differences 1in tatty acid profile remained significant
among these groups atter 18 months of feeding, this does not cortelate
with the‘increaae in the susceotibility of the SKF-groudp to ischemic
d;srhythmia at that.age. Overall memorane eomposition alone, and the

attendant physical properties cannot explain the observations. Other

membrane’ systems which may involve fétty aeids, must play a role in the

Ay

‘age dependent responses to ischemia.. Cyclic-AMP is known to inctease in

the' ischemic zone of the myocatdiun prior to the onset of ventricular

o
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fibrillation (Podzuweit et al.,_1978) and the fibrillation itself has

been suggested to be attributable to the excessive ‘trans-— sarcolemmal
. ..:; -

1nflow of calcium as a result of elevated cyclic AMP levels (Podzuweit

t al., 1980). As mentioned previdusly, the activity of the enzyme

— — ¥

‘adenylate cyclase has been considered susceptible to changes in fatty
actd composition ln the membrane. However Méﬁurchie (1986) found no

effect of., dietary fat on adenylate cyclase activity in the rat.

S In contrast to hypoxia alone, the reduction Of tissue perfusion in

e

1schemia reeul:s 15’ retentlon of metabolites that may be of primary

w -

1mportance 1n the genesis of electrophysiologlcal alterations" underlying
malignant ventrizﬁlar‘dysrhythmias (Corr and Sobel, 1982). fTwo groups
: of metabolites that have been implicated strongly An: the mediation of
1schemia—1nduced dysrhythmias 1n. swine’ snd . rabbice, 'at‘ least, are
”1ysophosphoglycer1des and long chain acyl carnitines (Liedtke' et éi.,
1978; Sobel et éi., 1978).“ Both tyoes;éf compounds, along‘with free

¢

fatti ecids? are amphiphiles, 'capable of causing alteratioﬁ% An
~ LY . . ' -

sarcolemmal molecular dynamacsn by ‘1nsertion or intercalation lln' the
‘phosgholipid bilayer. Such an action could -contribute to ' the
electrophysiological -and biochemical sequelae of myocard{al {schemia
in dogs (Fink and\)Cross, 1984) It is. not known ‘at present 1f a
relation exists between the .prevalence .of certain fatty scids‘ in.
membrane phospholipids and a greater effect of these compounds in the
induction of fstal dysrhythmias following‘ischemtﬁ. .

The highé} intldence of cardiogenic shock 1in. SFO—grOup is an

'

~1mportant observation that requires comment. Occlusion of a coronary



| s
arte}y scimulétes receptive endings of both myelinated and un@yelinated
vvagal afferent fibres from the .heart (Br;wn 1966; Recordati et al.,
'1921i Oberg gnd,Thqren 1973) to bring about a. severe drop in blood
préssure (Constantin, 1963 Pellecier, 1979).  Whether dieCary 1ipid
mahipula;iqnv could influence such -a refléx mechanﬁsm has yet to - be
determined. |
Reéently, however, a role has been sugéested for certain
- e1cosanoids (thromboxaﬁe 51{ levkotriene C, and le;kotriene‘D“) fn the

/ o
pathogenesis of ischemia~induced shock (Lefer, 1985). #these mediators

K1}

are believed “to ‘exert cardiaé depression secondary to their potent
co%onary constrictor effects (Ribeiro and Lefer, 1983; Roth SE.#Q?»

1984), ‘Thus the {increased availability of linoleic acid in (Fell

LI

N

membranel phpspholigids of SFO-group, cohldi have led to an 1ncréfséd
release of thesg mediators from ‘within thé'hyéoxic myocard{um wit&sqpe
devélopmentfoﬁ-the reéuLténc 9hockra;§te.~\; | . | .

It is unlikely thaﬁ any altered 1nc1denc9 of thrombosis codcributed
to the dietary Fffects observed, since SKF diet has been fOuné' to
1nérease tﬁe risk of ghrpmbosis in rats'whi}e the opposite waé found for
' SFO-dfet (MéIntoshL:gg al., 1985), yet {n the present wofk,t'overall '

"morcality was aboug the same in both groups .and even slightly highér in

SFO-group.
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5 5 THE POSSIBLE ROLE OF THE EICOSANOIDS IN MEDIATING THE‘DIETARY LIPID‘

‘I‘*' “,g‘ .»,‘. v

‘INFLUENCES ON THE HEART

That eicosanoida are involved in myocardial contractile function is

suggested by the ability of indomethacin to abolish the differences in

responses to Caz% of left’ /atria and papillary muscles from the four
\

dietary groups. Also, but with the exception of , papillary muscles from

-

CAN—group, indomgihacin ‘produced generalized reduction in contractility

of tieaues across all dietary groups.

i

The _pattern of dysthythmia initially observed"with calcium and

isoprenaline was altered by the presepcevof indomethacin.‘ Left atria

. from SFO—group failed to develop dysrhythmia, and this was significantly

.different from the other three groups when. 'challenged by 1s prenaline. -

~
4

Also, the percentage oﬁ?papillary muscles from SFO—group thay mqnifested

dysrhythmia ‘to either calciJm or. iaoprenaline, became noti eably

in the ‘presence of indomethacin. '

g Prosfacyclin (PGI ) was observed . to exert a ‘positive {notropic
2 p

effect on guinea“pig isolated heart tissues (Faasina et 5%., 1983).

This effect is believed to result from enhancement of Ca2+ transmembrane

s

‘fluxes (Fassina et al., 1984) and Ca2+ release from the sarc0plasmic

. reticulum (Salvatort et al., 1984) v More recently, Couttenye et al.

(1985)9réposspd/:h;:~;612, PGE; and PGE2 do not”have a direct influence

on the contractility of the tat myocardium.f This teport added to the

c’nfusion surrounding ‘the role of ‘the eicosanoids in cardiac function.

~e
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Prostaglandins were thOught to be endogenous anti?yvsrhythuuc agents
(Forster, 1976). Such a belief was later proved to be .unfounded as the
"effects o_fﬂ different prostaglandins on dysrhythmis were .shown" to vary -
with animal‘specie_s, dose and verute‘ of ad(t%nistration of the"eicosanoids
(Coker, 1982). ' Prostacyclin 1s a good example; it has been reported to
bev antidy‘s‘rhythn‘\ic "(Coker an’d'.l.’arratt, 1981) and dysrhythmogenic (Au 9;6_
al., 1979) in rats, to a \I'ariably dysrhychmogenic action 1n cats‘,
depending on dos.age~(yDix, et al., 197‘9), a‘nd to be antidysrhy_thmic in
dogs (Ribeiro et al., 1981; Starnes et al., 1981) Even thromboxane A2‘
which has been constantly blamed for ics dysrhythmogenic action during
acute myocardial _ischemia (Colger et al., 19.81), was recently shown not
to‘contribute to- d'ysrhytihmo‘genesisa duringv‘e\‘(volving m);ocardial inrarction

(Kramer et al., 1985).

i
—

FIt. has'.‘ b:?e“. suggested .that the Increase in w6/w3 ratio in rat
hearts fed linoleic acid-rich diet leads-to an increased availability of

fsubstrateffor prostaglan‘din prodoction"(liramer, ‘1980;»‘ Lepran et a_l_.".,‘
~1:98—: Cr[a'/rnock et al., 1983). The results of the present work disagree‘
with such a hypothesis as 1t is apparent, ‘that the differences in
myocardial function observed cannot be ‘ascribed - to‘ ‘any single major
change iny the - fatty acid profile. Our findings are .supported by the
results obtained by Abeywsrdena and Charnock (1985), which showed a
difference in the production of prostacyclin by aortae from tuna fish

oil- and SKF—fed rats despite a similar w6/w3 ratio. ‘I'hus, it_ appears"

that complex changes in ‘membrane’ fatty acid composition can result .in

T
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complex chsnges.in'the balance‘of interactions.between fatty aoids'and ‘

" the respective enzymes ‘which msy influence both quantlty and type of,

eicossnoid released. ‘Ji' . o

lt is important to note that indomethacin was reported to: inhibit

1
!

the enzyme phosphollpase A2,.snd such effect can slter ‘the production of'?
prostaglsndins as well as leukotrienes (Kaplsn et al., 1978 Shakir“et“‘
sl., 1985). Also, indomethacin was reported to‘ inhibit both
adrenochrome formation and polyene fatty acid oxygenation (Gudbjarnason N
and Hsllgrimson 1979). Thus,v abolition: of .some of th dietary
differences by indomethscin 1s only suggestive and not -a proof of a rolew

of elcossnoids in the genesis of these differences.‘

5.6 A ROLE FOR FREE RADICALS = .
: R \ , ‘ .
\m\ ‘Oxygen—derived free' rédicals " have ‘oeen proposedj as general

‘ medistors of tissue injury in a. variety of disease states ( el Maestro,

1‘,

1980) ‘ Reactive species 1nc1ud1ng superoxide anion (02 ), hydrogen
peroxide (H202) and the hydroxyl radical (OH ) may be generated by a
'number of cellular reactions (Fridovich 1978). It has been shown that
santhine oxidase can act on xanthine to pfoduce oxygen free.radicals by -
the following reactions (Beauchamp and Fridovich 1970) |

xanthine + 02 xanthine oatdase> rurate +:02

’

0" + 02- +’ZH+ {,:‘.. —_— l)‘j‘ H202 + 02

o

The second reaction,is spontaneous or it‘msy be . cataly d by superoxide.y.x"

. dismutase (SOD) (Hess et al., 1981).[ Superoxide anion radical and H202‘

—
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'the following reaction (Haber and/ﬂeiss, 1934‘ McCord an

by eitber allopurinol (xantﬁéne oxidase inhibicion) or mannitol (OH

SR A S A T I AT
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. can then interéct to generate %ree hydroxyl radicay\\?ﬂ ) according tof
. ' : .

Fridovich,i -

1968) :., e B S

02 A+ H202 "'—~') - 02 /OH‘ + OH s.‘, o \ l.,”‘

The results of the present study clearly show a protective effect;

'

A ) .
radical scavenger) againat/the dyarhythmogenic effect of isoprenaline onf'
. ,‘“ "
left atria from all dlevary groups. Howaver, a conceptual difficulty

- : N
‘prises in that xanthinéloxidase is an intracellular enzyme, requirlngvﬂ

‘ v

102 ‘to lead' to the igeneration of OH withln the cytoplasm. fThe ‘02

‘“anion is unlikely to 1eave the cell easily, and OH is highly reactive,

. ,r . . “\

with a mean free/path of leasvthan-l pme It is inconceivable that ‘such

4

- ' ! N

CS ‘ ‘ ‘ .
' a .radical Can/ﬂpermeate the ‘*cell ‘membrane ‘to ,have an extracellular -

; e
s

action. ./ o e
, s . , . ‘ . r | ' o |

'Mannitol'diffuses‘into che cell only slowly, 1f at &ll (Elbrtak -
/ ‘ . -

personal communication), and its main site of action is likely to be the

extrace&ld}ar medium. Preliminary experiments; not: reported in Results,‘;
in whl;h .SOD, was placed in the bathing fluid Tailed to prevent the onset
of//dysrhythmia, and when ,exogenOus ::tinex and ,xanthine 'omidaae ‘were‘
used no dysrhythmia was generated. Resolution of tne paradox lles ¥

'

the observation that at the concentrations used in the present work

allopurinol like other purines, though only a mild acavenger of the~g

'

superoxide anion (Peterson et al.;‘ l986) can function asx‘an‘ Qva

scavenger in conditiona of mild OH°‘ generation (Hochstein - petsonal .

Rt o t ' =
+ Lo N ¢ o
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"“c‘ommunication). : Thus, the generation of OH° radicals at‘ the cell

. X X . . '\ .

surfa'ce‘, ﬁin eicosanoid synthels . may represent the means whereby

u

“free radica,ls mediate the onset of dysrhy‘thmia in these cells. These“'

, findings suggest a main role for the OH radicals, which\ is further

!‘,supported by the findings of Burton -et al. (1984) that showed a more‘

- ' : -

ez(tensive damage‘_in cardiac septa when perfused with  solutions

.generating 0H° radicals, than when superoxide—generating solutions ‘were

used. | Papillary muscles, on the otner hand, were not significantly

——

protected by attempts to scavenge ’free radicals, regardless of the

'dietary group. ’l’he '*eason behind such a variation An response between'

|
’ e

at’ri‘a and‘papill‘ary muscles 1is not known at the present time.

It 1s important to notice that the nse of allopurinol and mannitol

4

‘resu.lted in changing the pattern of dysrhythmia induced by isoprenaline '

alone, previously observed in both types of tissue. The presence of

-

"either of these. compounds caused a lower incidence of dysrhythmia ilb

‘left atris fom LIN— and SRO—groups while.' tissues from SKF—group'

sustained the highest incidence.,“ Papillary muscles showed a similark

dispositio.n,. buF only in the presence of mannitol. Such’ results may

indicate an influence of dietary lipids on thewgeneration ,o'f

oxygen-derived free radicals. l‘he interrelationship between membrane,

polyunsaturated fatty acids and tl}e oxidized products of catecholamines

‘ has been discussed previously (section 5.4).

Ay

Recently proposed mediators of . myocardial ischemia involve*the"

‘generstion of oxygen-derived free radicals.—(—Wexler and McMurtry, 1981

4 . . . oA w,
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exact types of. damage chac result from myocardial’ exposure to free:

< | oL s | v 18

Manning"e_t_. al., 1984;. Chambers 'et‘ al’:, 1985) Any free radlcals
generated during myocardial lechemla w0uld readily. lnteract with  the
‘unsaturated fatCy acids of membrane phosphollpids (Rao et al.,‘ 19835)
This lnteractlon may t:hen generate new radleals in a chain reactlon

which mlghc lead to 1ncrease memeane permeabllit:y (Slngal et al.,

'l982) and eventually result in extensive cellular damage ‘at, " the ‘

A

sarcolemma, sarco\plasmic} reﬁ‘lculum, . and mltochondria. (Jennings ‘'and
i . 4 .

it .
1

Ganote, 1 1974; McCallister g_g"al., l97é; Hess et al., 198]; "Burton ‘ec |

als, 1984). However, che preclse role of membrane phosphollplde and the
rawtrals remaips to be estab‘llshedr '

Al

5 7 EFFECTS OF DIETARY LIPIDS ON’ SARCOPLASM.IC RETICULW FUNCTION '

The S R. 1s a. relatlvely si,mple membrane, -ag ,1ts prlmary, if not

¢

excluslve, functlon 16 to regulate “cytosolic Ca 2+ concentratlon (Katz,

3

. 1984) As has already been.pointed out, the rat myocardlal contractile '

,functlon depends to a slgniflcaXt exbent on the amount of Ca2"’ stor

within, and released from the S R. (Bers et al., 1981 Bers, 985) The

\

'process by which Ca2+ is transported lnto the S.R. ls ‘an active. one ln
a

‘which@* is moved against its electrochemical gradient by an ion pump

(C32+—ATPase) t-hat :tnvolves expenditure of energy (Tada and Inui,

,\

“‘1983) ‘, However the nature of the process bﬁ' which Caz*' is- released

Iz

from this struetdre in the 1ntact muscie is poorly understood. There ‘is

wi

F ’ 1
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a general agreement that it is .a passive downhill process (Fabiato and
' * (]

Fablato, 1977; Katz, 1984); {nduced by depolarization, ‘lnositol
triphoasphate (Vergara Eﬁ.él‘r 1985), or Cazf, the last suggestion having
the greatest support (w1negrad,:l982). Al though ca?t release from the

S.R. 18 most directly related to contractility of the wholé cell (Katz,

" »

1984) 1ts measurement requires unusual sophistication.. Manual skinning

of fibres can be. perfo}med, after the acquisition of skill, or a

-
"

luminescent or fluorescentn matecial such as aequorin can be {njected
1nto\;thel\cell to emit 1light during the few milliseconds that free
Ca’* éoncentration in the cytosol 1s raised following excltation. A;
the primary questiog to be answered eoncerned an influence of dietary

11pid variation on the sc:¢oplasmié ‘retiéulum. it was decided to

1nvestlgate the phenomenofn of calclum uptake rather than release, and so

avoid the technical difficulties that the laCCer option demanded.

N

Resulrs obtained show a clear effect of lipld—supplemented diets on

'the rate of uptake of Ca?t by cardiac S.R. vesicles. Although it {s not

suggested that contractile tension is . dependent on the rate of Ca?*t

.

uptake by the S.R., the groups were arranged in rank order similar to

that observed iw'the Caz*-twitch tension study. Left atria showed an

1nvetse relationship between ‘the rate of“Cazf uptake by “S.R. and the

hggnitudé“of Ehg cpdt:actilelfesponse to Chzf. 'Tn ventriclea, however,

. ’

the relationship was a dfirect one, Assuming that the fraction obtained

a

from\ at:ia and ventticles ‘represented the same .subcellylar component -

Q

purified to the: same extent, these results appear to indicate either

Lo , (‘,
. v
.
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differences 4in the response of S.R. membranes to varied fatty .Acid
supply, or to lIndicate a fundamentally different relationship between
the Ca2*~uptake process, and surrounding S.R. membrane phospholipids 1in
atria and vgntrlcles. No specific information on the first point {is

v

avallaﬁle although Cibson.gg al, (1984) found no significant difference
in cthe * fatty acid composition of phospholip;ds in héarc microsomes
(analogues to the ventricular S.R. used in this work) and that reported
in whole .veatricular phospholiplds (Charhock et al., 1983). If a
.
simllﬁr reiationship exists in atria, then it is difficult to conceive
of a mechanism that would account for the reversalkof the rank order of
ca’t uptake, despite the small diféerenceshih the fatty acid composition
of total phospholipids from the two regions of the heart. On the other
‘hand, the contractile, and relaxation parameters of atria and
’;entricular muscle differ considerably,. and a fundamentally different
relationship between the Ca2*~ATPases of atrial ana ventricular S.R. and
the éurrounding phospholipids, though surérising; is not {mpossible.
Most research on S.R. Caz*—ATPase has used.ventrigular tissue. No data
appear to be extant on the enzyme fr;m atrial S.R., with p;rticular
refereﬁce to ics relationship with thé ‘surrounding membrane
bhospholipids. » However, {t |has :;én shown that C,g -ana Cso.
cis-unsaturated free fatty. acids markedly inhibit cCa’*t uptake by S.R.
vesicles derived from ventricles (Cheah, 1981; Katz EE_AEL’oV 1982;

Munkonge, et al., 1985). While no information on the intercalation of

free " fatty acids in the S.R. membrane preﬁarations used here {is
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available, the possibility exists that dietary preconditioning with free
fatty acids, or alter‘ation of phospholipid fatty acids may account for .
the differencesuin ca?* uptake observed.

In addition to the effect on Ca?t uptake by the S.R., dietary
11§135 1n£lueﬁéed tﬁe activity of the ATPase enzymes {n the same
preparations. No correlation, however, appeared to exist between the
racé of uptake of Ca?* and the activity of any of the ATPases am;ﬁg the
four dietary groups. This can be due to the fact that the present study
on ATPases was garried out only on the ATP—hydrolyzing capacity of the
enzymes which 1s\th0ugh£.to be different from'their function as {fon
pumps, a;dithese two modes can be affected dffferently by dietary lipid
manipulation (Tada and Inui, 1983). -

The lack of dietary influence on the activity of ventricular S.R.
Caz*—dependent ATPases, reported in the present study, is supported by
the findingg of Abeywardena et al. (1984). This grOuﬁ"showed no
difference in the ATPase activity of S.R. Ca’*-ATPase from hearts of
- rats fed either SFO- or SKF- supplemented diet, despite a demonstrable
change in membrane fluidity (decreased in SKF) -and a.marked alteration
in phospholipid ’fatty acid composition. Another recent ' study by
McMurchie et al. (1983), showed a lack of sensitivity of mitochondrial"
F|-ATPase to changes occurrihg in the composition of the membranek
lipids. Both reports suggested that the ATPase syétems ﬁhich coé}letely

- , ,

span the wmembrane and require a fixed otientation to carry out their

function, seem to be protected from or insensitive to changes 1in the
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bulk 1ipid matrix. Thlie present results, however, do not agree with this
concept -a8 dietary manipulation did result in changes iﬁ the activity of

2+~ {ndependent ATPases and probably 1n atrial CaZt-

ventricular S.R. Ca
dependent ATPases. This implies that enzymes belonging to such systems
may havé certain components capable of dndergoing lateral diffusion and

can therefore be affected by gﬁanges in membrane physical properties

(Robblee and Clandinin, 1984). .

5.8 HISTOLOGICAL CHANGES INbUCED BY DIETARY LIPIDS

The highest 1incidence of focal heart lesions (5/7; 71%) was

observed 1in left ventricles from rats fed rapeseed olli (eructic acia‘“‘\\\

free). Such finding suggests that erucic acid 1is not respongible for

rapeseed oill induced cardiac lesions, as has been frequently reported by

many investigators (Abdellatif and Vlies, 1970, 1973; Beare—Rogers et
mal., 1974; éngfeldt and Brunius, 1975; Vogtmann et al., 1975; Hulan et
k__. ., 1976). Both De Wildt and Speljers (1984) and K.rt;mer, Fannworth and

Thompson (1985;&have also thrown doubt on the conventional incrimination

of erucic acid (see section 1.5) in the appearance of focal lesions.

The likelihood that the lower contractility ia CAN-papillary muscles 1s
. N -

caused by such small necrotic lesions affecting so 1little of the
myocérdium is difficult'tovaccept as similar lesions were found in one
animal - from SFO-group without an effect on force developmgnt. Aleo;

those -animals, in CAN-group which did not sustain similar lesions did

manifest a lower twitch tension.
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The reason for a higher incidence of cardiac lesions in CAN- group

1s not known at the present time. The observation of Kramer, Farnworth:

A

A "
and Thompson (1985) that a reciprocal relatfonship existed between

dietary saturated fatty acids andb lesfons, and a direct relationship

b}

A ! .
between membrane phospholipid C22,»-3 polyunsaturated fatty acih content

!

is Iin complete agreement with the present work and suggests that the
lesions form, not as a response to a‘éingle toxic constituent, but 1is

5

. related to the ili defined metabolic control that relaCes'the eaturatedv
fatty acid supply to the elevatea C22,w3 content of cell membranes (see
5.2). ‘Alghough hearts from the SKF group had a higher content of
C22 w-3 acids they presumably were érotected by\‘the high ‘saturate
cdntent\of the 1initial diet. On the other hand, the mild lipidosis seen
.An all four groups implies that fat deposition is rela;ed to. quantity

rather than class of lipids In the dlet.

5.9 CONCLUSION

The results of the present‘sﬁudy cledriy show that dietary 1lipid
manipulation can lead to alteration in bothothe fatty acid composition
of membrane phospholipids, and the function of the heart 1in terms of

con;ractilicy‘and rhythmicity under conditions of stress. Also, atria

were showﬁ to be distinct from ventricles in all responées.
In spite of the fact that the dietary effects were shown to be at
the membrane level, the observed differences 1in contractility and

2

susceptibility to dyérhythmia could not be ascribed_to any single major
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change in membtane fatty acid profile. It 1s clear that complex changes

[y
.

. £ '
in membrane fatty acid composition are assoeiated with complex changes

in the function of different membrane—bound‘pfoﬁeins (channels, enzymes

.

£ S "~ N
e overall function of themg,

or receptors) with resultant  changes in

%4
v ocell. Also, such complex interactions can, influence the availability
'

(quantity and cype) of certain mediators asqfhe eicosanoids ot harmful

' - f " 0 \
o

factors as the free radicals.

-~

The finding that diets exerted a differential effect at che levél
of the S.R. (Caz*— uptake and ATPases actlvity) add to the complexity of T

the‘issue, and makes the frequencly suggeeted alteration 1n eicosanoid

production, as the main mechanism behind altered functional responses,
\ . o

an overslmplification of a' very complex matter.

Finally, this study shows that the decreased contractile response

A}

in tissues from CAN- group cannot be attributed to the presence of focal

‘.

necrotic lesions, and such lesions may be rel;}ed to quantity.father
IS

tfan.class of 1lipids in the diet. ’ ‘ N
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