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o CABSTRACT

It was hypothesized that changes in dietary fat.level andfatty

acid compos1tlon would” alte iver mitochondrlal membrane lipid}

. composltion and affect carnltine dependent fatty acid transport 1nto

liver mitochondrla In' this’ regard male Sprague- Dawley rats ‘were fed .
diets providing 40% or 157 of calories as fat wtth‘polyunsaturated to -
saturated fatty ac1d ratio of 1.35 or 0 35.° nghtfat diets 1ncreased.
;membrane cardiollpin levels by  157,. 1ncreased membrane total acidlc
phospholipid levels by 67 and decreased total neutral phospholipld
levels by 4% . High ‘fat diets i;creased total phosphollpld
polyunsaturated fatty ac1d levels by 51, decreased total phospholipid
" monounsaturated ' fatty acid levels by 11 and decreased total
‘phospholipid saturated fatty acid levels-by 2%. Dlets'wlth high
polyunsaturated to saturated fatty acid ratios 1ncreased membrane total
phOSphO]lpld polyunsaturated fatty acid levels by -4Y, decreased
membrane total phosphol1pid monounsaturated fatty acid levels by 117
and decreased membrane‘total phosphollpid saturated fatty acid levels
. by 37, dlgh‘fat, Tow polyunsaturated to. saturated fatty acid ratlo
dlets produced‘ithe hiqhest hepatlc carnitine palmitoylcarnltlne
" ‘translocase and carnitine palmitoyltransferase-l activlties. |

| Increasinq cardiolipln levels, 1ncreasing total acldlc o
phospholipld levels, 1ncrea51ng ‘total neutral phosphol1p1d levels and‘
decreasing total neutral to total acldlc phosphol(pld ratlos *h’ﬂlver. |
.mitochondrial membranes correlated with 1ncreasinq carnltine.l;

_ﬂpalmitoylcarnitine translocase and carnitine palmltoyltransferase-lx

~
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functions; ‘lncreaslng lé-de and- decreaslno‘26°¢u6 Tevelshin mémbrane;
phosphollplds correlated with decreaslng carnitine palmitoylcarnitine ‘
translocase funqtlons. Increasing 18 lml and 18: 0 levels id membra&e -
phospholiplds correlated with 1ncreaslng carnltine palmitoylcarnltT’“
translocase functions.; Increaslng total polyunsaturated decreaslng
total monounsaturated ‘and decreasing total saturated’fatty acid levels
‘ln  'TTVér mltochondrlal ‘nembrane phospholipld§ cdrrelated wltn“
. 1ncreaslng carnitine oalmltoyltransferase 1 functionsi“ | |
Therefore chand;nq‘d1etary fat. level and fatty acid composiilon'

altered mitochondrial membrane ldpid composition and affécted carnitine’

dependent fatty- acid transport ‘1nto‘ llver“mltochondria :by‘ altenlng

carnitine palmitoylcarnitine translocase aotiuity. ;

o
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INTRODUCTION AND RATIONALE

Postpartum, the neonate must adapt to utilizing fat as a major
energy source. Proper functioning of the carnitine shuttle systém 1s
requiredg'f@x attain optimum rates of Ifatty acid ox1datio; and
ketogenesis. }atty acid oxidation and ketogenesis have a giucose
sparing effect. Defects or deficiencies 1n the carnitine shuttle lead
to clinical symptoms similar to those of hypoglycaemia. During the
perinatal period activity of the_carnit1ne shuttle increases. \Ev1dence
suggests a role for modifigq}ion of mitochondfia] membrane fatty acid
composition 1in carniting sthtle activation. The carnitine transport
shuttle 1is a membrane bound protein<system and, therefore, is.likely
affected by membrane 1ipid environment. Previous studies indicate that
membrane phospholipid compo;ition may alter activifies of membrane
bound protein constituents of the carnitine transport shuttle system:
It is not known if alterations in membrane fatty acid composiiion can
élier‘ carnitiné palmitoylcarnitine translocase or carnitine
palmitoyltransferase-1 activities. Thus the present study was designed
to examine the effect Af dietary fat on changes in liver mjtochdndrial

membrane and the activites of carnitinehpalmitoy]carnitine translocase

and carnitine palmitoyltransferase-1. S \



REVIEW OF LITERATURE
—, \ .

The carnitine transport shuttle system transports fatty acids
across the inner mitochondrial membrane (1-5), stimulating fatty acid
oxidation and ketogenesi; (1,4,6,7).and ma{ntafn1ng‘mitochondrial ATP
regenération during l]pblysis (3).' The carnitine transp&rt system may
also provide a.mechanism wherebf high energy acy| grodps produced by
B -oxidation are transported out of the mitochondrion (1,7). This
system a]s; buffers the acetylation state of mitochondrial CoA from
dramatic %1uctuations by permitting equilibration of acety]-CdA/CoA and
acety)-carnitine/carniﬁine pools (8,9). Activity of the carnitine

transport'shuttle system markedly increases when increased oxidation of

fatty acid occurs, such as at birth(1).

1.° CARNITINE TRANSPORT SHUTTLE SYSTEM
The carnit%ne transport shuttle system is composed'of three protein
subunits, carnitine aCy}.trangferase-I, carnitine acyl trénsferasé 11
and acyl carnitine translocase. Carn%tine acyl transferase I resides
oﬁ the outer side of the inner mitochdndrial membrane, while éarﬂitine
acyl trénsferase 11 resibes on the maffix side (10); Acyl carﬁitine
translocése ;;;7 a trans-membrane protein spanning -ghg inner
mitochondrial membrane. Exact spatial arrangemenf‘of the three protein
subunits has not been elucidated. '
Carnitine acyl ‘transferases I ~and IIi catalyze formation and
‘hydrplysis' of fqpty acy! carnitines (11). ‘b Separate carnitine acyl
transferase§ exist,ﬁith chain length éepcificities that'd§er1ap. Six

f



acyl transferases have been isolated from mitochondria; three inner and
three outer (1). Thesé are: acetyl transferase utilizing free fatty

acyl groups of two.to three carbons in length, octanoyl transferase

“utilizing free fatty acyl qroups of six to ten carbons in lenath,

palmitoyl transferase utilizing free.fatty acyl groups of 14 to 16

carbons 1in length. Transport of medium chain fatty acyl groups into
the nitoghondrion can also be carnitine independent (l).

Acyl carnitine translocase activity cannot be ascribed to
operations of other mitochqndrial'transport'Systems (12). Translocase
cata]yzés mole to mole exchange of carnitine and acyl carnitines across
the inner mitochondria] membrane (1,12,13). Acyl carnitines prdduced
by carnitine acyl transferase I.are translocated by the tcanslocase
despite the presence of higher concentrations of external free
carn{tine (13), permitting %fficient delivery of acyl carnitines to

N

mitochondrial  enzymes of B -oxidation . (13) and preventing

intra-mitochondrial. accumulation of acyl carnitines which could lead to

4
‘ toxic intra-mitochondrial CoA concentrations (9). . The translocase

appears to remain subsaturated by matrix.carnitine‘concentrdtions.due

“to low affinity for this substrate (13). It is also probable that

translocase remains subsaturated by Tong chian alyl carnitines in vivo

(12).

R

b

1. FACTORS AFFECTING. FUNCTION

"Carnitine oalmitoyl transferase I activity in rat liver increases
nearly five fold within 24 hours postpartum and peaks within two to

three days_(14). Processes involved 1n carnitine dependent fatty acid

Y



‘ )
transport in humans also appear to be activated at birth. Changes in

acetyl transferase and palmitoyl transferase activities during the
perinatalrperiod parallel development af fatty acid oxidation in heart,
liver and adﬁpqse tissue (1,4). Factnrs‘respbnsible for these dramatic
increases 1n‘act1v1ty immediately after birth remain undefined. In
this regard, act1vity of ‘the carnitine shutale‘ fransport system -is
influenced by carnitine*coneentratian and availability, free fatty acid
supply, membrane microehv{ronnent, and hormone action. ‘In‘neonates it

' ‘15' not known which factor piays a dominant role in. activating and

controlling carritine dependent fatty acid transport; however, to date

carnitine status is the most studied factor.

(a) Carnitine Status . ‘ ;

Carnitine (3-hydroxyl-4-n- trimethy]am1nobutyrate) is synthesized

from 1ysine methionine and/or cho]ine (15) Butyrobetaine hydrqulasel

catalyzes the final rate limiting step in carnitine biosynthesis and is

presént oniy 15 liver, kidney,tand'braﬁn of humans (l), Butyrobétaine
hydroxylase activity is age dependent. In Iiyer of normal infants less
than ahrée months of age its activity. is léss than 12¢ of adult
'activity (16). Liver is the primary‘biosynthetic site:qf carnitine and
releases free ana. acyl ‘carnitines }nto circu]ation %tq[ supply ofher
.non‘synthesizing tissues (1) . | . | |
Carnitine levels required for optimal activity of the carnitine
Lshuttle transport system and thus optima1 fatty acid oxidation and

ketogenesis are unknown.. lLow muscle andvliver carnitine leyels are

dssociated with low but variable serum carnitiné levels and excess



lipid in muscle and other tissues (18). . Prﬁmary systemic carnitine

LN

‘deficiency is also clinically characterized by recurrent epfsodes of

metabolic encephalopathy, musc]e weakness and other symptoms consistent

with hypoglycaemia (17,18). Hypog]ycaemia can occur during a carnjtine“

defjcient state due to‘limited fatty acid transport'or,utitization‘by
tissues or impaired hepatic oluconeogenesis which requires energy from
fatty acid oxidation (18;54), Many studies have been undertaken to
determine important‘factorsvaffecting carnftine‘status in the neonate.
Fetuses and neonates are likely incapable of endogenous synthesis
of carnftine,‘due to low activity of butjrobetaine hydroxy]ase7(7,16).

'In utero, fetal serum-and tissue carnitine concentrations are dependent

upon maternal .carnitine status (7,15) and the rate of placental

transfer (8,19). Postpartum neonatal carnitine'levels are dependent

upon exogenous sources such as mother's mi)k formu]agjand<other

-«

dletary replacements or supplements. | , ~ . .

It has been postulated that carnitine levels 1n breast milk may,

ref]ect the needs of the 1nfant (20) Breast milk total carnitine .

content increases durinq the flrst week postpartﬁm, with the highest

| concentration occurring during the first two to three days of suckling'

(6 21) Absolute carnltine content of human milk varies dependinq on

maternal diet and physiological state,vauring‘the first 21 days

Ipostpartum milk total (free and -acy1) carnitihe content_varies from 50

"to 70 nmol/ml (1 20 22) and fails to apéﬁ%ximately 35 nmol/m! 40 to gg*;i

days postpartum (2, 20) ‘ﬁ'”hl

e Fresh and commercial pasteurized cow'? milk contains 190 to 270
nmo]/ml and 160. to 200 nmol/ml of carnitine. respectively (20).; Cow=s
1o

e

-
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,,in-neonates (2,22). Small.for.gestational age ‘and pr

. -acid oxidationland ketogenesis (16,23). \k

suggesting that some carnit

.> ‘ Hﬁ . “e

A

A

"‘milk contains more carnitine than human- milk but breast “fed infants
: have higher serum carnitine levels than formula fed infants during the
first 48 hours of life, suggesting greater bioavailability of carnitinel
| in breast nglk than in/dow s milk (6) |

Soya based formulas contain little or no ca nitine (22) Lipid

't‘emulsions, such as Intralipid‘ and. Nutralipid' cont‘in less than 1 uM

l
of carnitine (25) Both soya based formulas

produce significantly Tow levels of plasma carnitine and- ke one bodies

infants

receiving low or carnitine free total parenteral nutr

‘than 15 days have reduced‘liver carnitine levels which may impair fatty

Y

Intravenous L-carnitine ' supplementation in"neonates‘ can maintain

‘normal plasma carnitine levels‘(23 24) _whereas unsupplemented-infants

ﬂ. .

cannot (23),' suggesting that exogenous sources of carnitine are

required by the neonate Studies exist which do not support this

'..l

‘theory. In this regard exogenous carnitine administered to neonates

ktﬁ

was acylated in large amounts, ‘with no improvement in utilization of

finfusedl lipids observed (24).  When no carnitine was fed .\neonatalf

' blood levels of carnitine re‘al? relatively constant but low (25),
i

.‘synthesis in neonates is minimal therefore endogenous‘carnitine‘maybe

supplied from storage sites (16 25). - In'neonates; muscle is the

-

- primary site of carnitine storage (17),‘ but no. evidence exists to

h

o

d lipid emulsﬁons

on for more

was supplied endogenously;b-Liver‘

' indicate that muscle carnitine buffers plasma carnitine levels.‘»Thus, G

”_”controversy exists over whether or not carnitine supplementation of theq; _'5



neonate is required L R : “ o . "*”35' S
) Carnitine concentrations in mammalian tissues vary widely depending -

on the tissues studied and the assay methods.‘ Neonatal liver carnitine'
‘content does not correlate with gestational age or body dimensidns and
-are markedly lower than adults (17) Adult liver carnitine levels‘are
chieved by seyen months of age apparently due to increased hepatic

synthesis and carnitine intake from exogenous sources (15). Plas ma

b
“‘h' f

concentrations of carnitine are commonly used to determine carnitine

l

status (26); however, ai plasma carnitine levels do not necesSarily
r

‘reflect tissue carnitine levels it is an inadequate marker of carnitine
status (24,26). ; | o :
AdequS%e plasma and tissue carnitine concentrations are important¢
‘1Jbut sufficient mitochondrial content of carnitine s essential.»
‘Previous studies have shown the rate of carnitine carnitine exchange in
‘l~mitochondria to be influenced by change in  matrix carnitine”
concentratio (13. creasing carnitine content in the mitochondrial

matrix and increasing  long chain acyl carnitine concentrations

eXtramitochondrially, increases translocase,- ctivity: and favours

increased flux of fatty acids through mitochondria', -oxidation (12)
‘Neonatal hepatic mitochondrial matrix carnitine concentration has not ‘h
.heen \reported. Determination of the carnitine content in  the -
/f mitochondrial» matrix ‘compartment in' liver,‘ although 3t present;o
elipically ‘impractical. may provide the best measure of carnitine

- status.in the neonate.




FRNE T
(b)) Free Fatty Acid Supply

‘ o AR S
‘ Decreased plasma free fatty acid ‘levels decrease uptake ‘and‘

trqpsport of fatty acid into mitochondria by the carnitine traﬁsport
shuttle system and thus decrease rate of fatty acid oxidation and
ketogenesis. In the immediate postnatal period, serum levels of free

. b
4 fatty acids rise dramatically, indicating active lipolysis of adipose

| tissue (6) After 12 to 24 hours of extra uterine life ‘the rate of

;b' iv : adipose lipolysis falls rapidly (11) as feeding is initiated, ensuring

hours of life appear to be regulated by increaSed catecholamine“
| ‘ -lrelease,,-resulting_‘in increased cAMP production and ‘protein‘ kinase
. actiyity; ?‘thus ‘actiyating‘ adiposel 'tissue .lipoprotein . lipase
(2,6,27 28)' | In vitro experiments - illustrate 'that lipolysis isi
enhanced more by addition ‘of exogenous glucose to increase energy
supply than by addition of hormones (11), indicatinq that lipolysis in

| neonatal adipose tissues may depend more upon mobilization of glycogen‘

gy stores than on catecholamine stimulation (29) Insulin and ‘glucagon

continued free fatty acid supply.‘ Rates of lipolySis in the first fewif‘:

also play a role 1n determining free fatty acid supply in the neonate. e

Insulin stimulates lipogenesis andfiglucagon stimulates, lipolysis e

L —

(30 31) _a .

(_ " L 5 : R

(c) Membrane Microenvironment

Membrane properties, such as fluidity, play a significant role inﬂ‘»‘

is a descriptive term used to describe the lateral rates ‘of motion of

o lipids and proteins in a membrane (33) ‘Fluidity.ofoa membrane‘is‘y

determining receptor, transport and enzymatic activities (32) Fluidityﬂﬂ B



v —

E"rectly influenced by the degree of unsaturation of its constituent

il

lipids (33) increasing the degree of unsaturation increases the‘

'[fluidity A Membrane associated proteins have also been noted to -

).

- increase aCthlty with increased ‘membrane lipid unsaturation and
‘increased fluidity. Fluid membranes facilitate function of some
1ntegral membrane proteins by offering Jess resistance to steric -
movements ‘ot ;polypeptide domains. . Essential fatty acing‘ being
' polyunsaturated 1ncrease membrane flu1dity. Essential ‘fatty acid‘
a'deficiency 5has been related to functional leSions of the inner )

’ ! .
' mit%chondrial memgiane such ‘as impaired substea\e oxidation and .

o partial uncoupling of oxidative phosphorylation (34)

——
¢

Someq membrane proteins require specific lipids ‘for optimall
lfunction; Most |nembrane lipids do not participate directly in the
‘reactions catalysed by Jntrinsic membrane proteins.. Instead, lipids
exert ‘their influence ‘by interacting at’ hydrophobic regions of the
protein distinct from the active site. Lipids can, therefore, be

con51dered allosteric effectors of membrane associated enZymes. Some

‘,cellular reactions involv1ng membraﬁ% associated enzymeS‘ Canf be"‘

-'regulated in: vivo by changing the membrane lipid composition or’ by

“5,

altering membrane fluidity (33)

\i) Fatty Acid Composition '

Lipid composition of fetal tissues is influenced by‘many factors. H'vf"

For example ,maternal diet limits types and amounts of essential fatty

7’-ac1ds 'available iff tﬁ:; maternal circulation (35) . Differential
. S SN
”ig.placental transfer or - metabolism of circulating maternal fatty acids L

N,

PO
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also limits fatty acids available to the fetus (36) Non—essential,

fatty acids, such .as palmitic acid, can be synthesized de novo by the

fetus provided an adequate amount of substrate is available (4,35 36)

5At‘ birth neonatal adipose tissue is largely composed of saturated

5(16 0) and mono-saturated. (16 1 and 18 1) fatty acids. Palmitic acid

_acid (18 2), an essential fatty acid, constitutes less than 17 (37)

the latter is far below maternal adipose tissue linoleit content (38)

(16 0) constitutes less “than 507 of the fatty acids, while linoleic o

intrauterine Tiver accretion of essential fatty acids occ;rﬁ*;in‘ |

'normally‘developing infants and provdes a small labile pool (39

Post partum adipose tissue essential fatty acid content increases 5

~weeks before liver essential fatty acid content (39 40 41) Longer

| ' chain polyunsaturated fatty acids (>C20) are mobilized from liver,

while 18: 2 content increases during this time (39) After 5 weeks,

there is an increase in all polyunsaturated fatty acids (39, 40)

Neonatal adipose tissue composition changes rapidly" after birth and

\reflects dietary fat - intake ‘(37)., ,'Lack  of - neonatal .hepat;c

,polyunsaturated fattykkacid accretion' suggests “limited\rendogenous
polyunsaturated fatty acid synthesis (39) '/7:‘ immature- hepatic._

polyunsaturated fatty acid uptake and/or utilization mechanismsr Rapid.

- mobilization and relatively slow: repletion of longer chain hepatic

'7iAltered membrane fluidity may significantly affect activities of

{membrane bound hepatic enzymes and/or transport systems.‘

"polyu:saturated fatty acids during the perinatal period may affect'

"‘;; hepat ¢ membrane composition, resulting in altered membrane fluidity.



/.

11)/Phospholipid Composition

// A]terat1ons 1n phospho]ipid ‘head group composition affect flu1d1ty, .

/
/

/and polar 1nteract1ons in the membrane m1croenv1ronment (42)

/? Phospho]ipid composition of inner mitochondrial membrane and palmitoyl

transferase I activity are sequentially modified by - D- galactoseamine.__
(42) It 1s not estab1ished how D-galactoseamine modifies membrane
.phospho]ip1d composition to alter pa]mitoyl transferase 1 act1v1ty, but

ldep]etlon of spec1f1c phospholipid -species seems to' be 1nvo]ved (43)
rR
In rats,' m1tochondr1al membrane phospholipid content and . fatty acid .

comp051t1on 1n rats s age dependent (44). Neonatal rats have highers
‘ phospholip1d_ concentrations; than. adults. ‘Phospholipid fatty ,acid
‘compositionfalso differs between the two age: groups (44).;;Ratu

‘ e ‘ . ‘ ‘ _
perinatal mitdchondria'contain lower levels of.cardiolipin‘than adult

rats. Card1olip1n K ontains ‘large amounts ‘of *linoleate. - Low

card1olip1n levels in 1nner mitochondrial membranes may contribute to

———m

immature funct1ons of’ mitochondria during the peripatal -period by
1imitin§ amounts of'linoleate‘in the membrane (44). Current research

'*1nd1cates that cardlolipin is essential for optima1 activity of the

carnitine transport shuttle,system (45) |

Y

”(d) Hormones IR i 1‘. }‘p-._;ﬁ e

P

Characteristlc hormona] profi]es observed at birth may activate

=3

‘f tproteins of metabolic pathways required for postpartum survival, such

- as- the carnitine transport shuttle system. Catecholamines, ﬁnsulin,. .

\‘b-———-« '

s glucagon, growth hormone, thyroxine, and sex hormones all affect

"carnitine dependent fatty acid transport. These factors act directIy



——

Cowm

4

by modifying 'carnitine"acyl' transferase :and/or 'acyl carnitine

: translocase activity or indirectly by increasing free fatty acid and/or

- 4
v : . . ~

L

: carnitine availability. » , R | , Ca

Carﬁitine dependent fatty acid transport rates are affected by

‘ epinephrine induced inhibition ‘of“insulin release (46,47) and

‘"“actiyationlof‘lipolysiS‘and'decreases in adipose‘tissue lipoprotein

'-lipase activity (47) Insulin acts to bHock adrenergic receptors,
‘therefore, suppression of insulin secretion increases the catecholamine
‘“effect (27) Administration of norepinephrine to adult rats increases

'oxygen consumption (3 48), and together with carnitine approximately

doubles the increase in oxyqen consumption due to norephinephrine alone

: ,(48).- Carnitine administration, alone,(has nojeffect on oxyqen.'“

‘consumption (48) Therefore, norepinephrine likely increases oxygen

, consumption by increasing availability of free fatty acids to the
carnitine transport shuttle system and consequently to nﬁtochondrial
"ioxidation (3 48). | Increased lipolyzis and decreased adipose tissue
lipoprotein : lipase activity also - increases free fatty acid

availability, thus increasing carnitine dependent fatty acid transportf‘

Insulin and glucagon constltute a bihormonal control system of;w

',‘carnitine dependenq fatty acid transport (30) Insulin deficiency at

| adipose sites causes mobilization of fatty acids (31 499 vInsulin

| “,5‘suppresses carnitine palmitoyl transferase activity and also inhibitsf

3‘f ketone body formation in cﬁTtured hepatocytes.l‘ By suppressingl

2

f',~carnitine (1), in humans, glucagon decreases plasma carnitine, likely'iv{;ﬂf

» 5’fcarnitine palmitqyl transferase activity, insulin may act a8 a long[f‘,5ﬁ

i"fterm regulation mechanism (50) In rats, qlucagon increases liver,,”""'



3 - -“. .*f«r, _;_;. o | i' N al /)),r
-,‘dde to‘;ncreased tissue (1nc1ud1ng liver) uptake (1) G1ucagon‘also Q;H
- 1ncreases~ the -carnitine‘ mitochondria content (12) -and accejgxates o

fat acid ox1dation in 11ver by activat1ng carnitine acyl transferases

~(4§) through CAMP (50) Increased g]ucagon and Tong chain acyl CoA
‘ esters may also 1ncrease fatty acid oxidation by detreasing 1eve1s of

, malony] CoA a carnitine pa]mitoyf transferase I 1nh1b1tor (6 50)

,Insulln 1ncreases ma]onyl CoA concentrat1on by stimulating acety1

- .

1carboxy1ase and thus 1nh1bit1ng Carndtide lpalmitoyw transferase v

e

Ty " reh ? ﬂ

. act1v1ty (10 ' - o L ﬂv I Cde et e rﬁ‘
Growth hormone‘ andtythyroXine/’ma; constttUteA another bihormonal ‘
contro] system " Rats. w1th an over abundance of thyroxine demonstrate
1ncreased carnit1ne palm1toy1 transferase activity whi]e rats deficient
in thyrojine show decreased carn1tine paimitoyl transferase activity :
‘(1) It is proposed that the primary action of thyroxine 1s on‘
,m1tochondr1a1 membrane f1u1d1ty and that a]l other metaboﬁic effects

are secondary, 1nclud1ng carnitina transport shutt]e activity (32)

vOne act1on of thyroxine 1s to decrease mtcrosomal A6 desaturaSe

- :;actfv1ty whtle concom1tant1y 1ncreasinq A9- desaturase activ1ty (32),

result1ng in changes in membrane f1u1d1ty and fatty acid composition. L
'Growth hormone may simi]arly modify mitochondrial membrane f1u1d1ty‘by
acting on enzymes of fatty acid desaturation and elongation (32). o
ﬂ&L‘ . Sex hormones a]so play a role in regulating carnitine plasma and B
‘Iiatissue 1evels (1) No differences 1n carnitine concentrations between
:yifema1e and ma1e rats have been ohserved before weaning (51) In rats
i22 to 85 days o]d, males have higher plasma, heart and ske1eta1 muscle

g carnitine concentrations than do fema1es,}bht females have slightTy

oo



higher liver carnttine'concentrations'(1 Si). It 1s interesting to
/

note that fema]e rats excrete carnitine at’ higher rates tb/y/do males
during this time (51) Human studies a]so demonstrate male plasma and
- muSc]e carnitine levels eXceed female levels (“1) Pre]iminary studies
by Dr. Peggy Borudm indicate that products of ovarles, testes and
' p1tu1tary‘ g]and play a rote 1in controling tissue carnitine
concentrat1ons (51). |
I‘Nutritional manipulation' of carnitine transport' shuttle system
pactiuity through‘carnitine’concentratton, free fatty acid Supplj and
Jﬁ;membrane fatty acid-eomposition is likely possible. Postpartum,

n

neonatal‘carnitina levels 1ncrease only upon exogenous supp]ementat1on.
jThe degreee of supplementation can theoreticallx- determine plasma
Aearnitine : concentration, Increased supplementation% imakes more
carnitine available‘ to the. carnitine transport shutt]e‘ system.
‘Carnitine requirements are unknown for mammalian species (22), maktng
formulation of nutrttiona] replacements and Supplements difficu]ts
Increasing piasma free fatty actd ]evels by dietary supplementation
.provides addittonal substrate and may increase the rate of ‘carnitine

Ty dependent fatty acid transport Diet-induced manipulations of membrane

'*'} fatty acid composition have successfu]1y been performed 1n rats. It is

R vpossible to increase the unsaturated fatty acid content of rat neonatal

.a:;?nembpane by - feeding diets high in unsaturated - fats. f Membrane
- "”composition of developing humans can likely be manipulated in the same

way. The optimum membrane microenvironment required for maxima]

14

carnitine transport shuttle activity is unknown. Dietany manipulation‘

- of membrane fatty acid composition may Amprove substrate utilization in

;Q:fﬂfi'an 1nfant by thering membraneuassociated protein activity.



~ SUMMARY

Long chain fatty acid oxidation and ketone body uti]izatiqnmaré
major métabo]ic édaptations at birth (4). The neonate must adapt from
utilization of a higﬁ carbohydrate diet in utero to a high fat diet
postpartum. In neonates, plasma levels of ketone bodies 1ncﬁéase a féy
hours aféer birth with maximum 1eve1s'occurring by the second to third

“day of 1ifev (52). This increase in kqtogenesisl parallels increased
fatty acid oxidation (53).

One reguiator of fatty acid oxida;ion and ketogenesis at the
cellular level is fatgy acid transport ingo mitochoqdrié via the
carnitine transport é%bttle System located in the'inner’m1to§h5ndrial
membrane (27,52). Activity of this system increasés at birth. -Many
factors affect activity ahd fuﬁction of the ca}nitine transport shuttle °
system in the neona§ﬁ?§§ﬁ$§e inc]u&e carnitine status, free fatty aéid
sqppfy, membrane miEﬁgeﬁVironment aqd hormbne action. An adequate

" amount of carnitine must be present for active cafnitine dependent
transport of fatty acids (30). .Carnftine'reqUirements are unknown fOr

\
mamma]ian.sﬁecies (22). Therefore, numerical definitions of adequacy

L]

.do not exist. " Postpartuh, carnitine levels increase only upof
exOQEnou§ supplementation. Carnitfne deficiéncj ]?adinglto jmpaired'
tarnifine shuttle system activity‘is manifestedﬁby sub;opgimal rateé.of
fatty acid ox&dation and ketogenesis (5). Decreased rates of fatty
acid oxidation and ketogenesisvhay lead to symptoms consistent with

H

hypoglycaemia (17,18)..

15.



ol

Free fatty acids-are co-factors with tarnitine’in the‘carn1t1ne
shuttle system. In the immediate postnatal period, serum levels of
free fatty ac1ds rise dramatically, ensuring—adequate Supply for fatty
acid oxidation and ketogenesis.. Free fatty acids may a1so be provided
through dietary intate and nutritional rep]acements.and supplemenbs.

“During'the perinatal period, fatty acid composition‘of the neonate
changes from a ' low unsaturated fatty acid content to a higher
unsaturated fatty acid.content. This shift in fatty acid saturation is
mediated by ‘diet and the characteristic hormonal profiLe seen at birth.

The neonate's capabiﬁity to, produce po]yunsaturated fatty acids 1s

16

limited and polyunsaturated fatty acids must therefore be exoqenously‘

provided. Proper membrane fluldity is requlred for optimal activity of
many‘ membrane-assotiated enzyme and transport systems; membrane
fluidity fs affected by the content of unsaturated fatty,acide.
Specific ljpids are a]so requjred by some membrane proteins for optima]
'actiVityt The membrane microenvironment required“?or optimal carnitine
transport shutt]e system activity is unknown, except that cardiolipin
seems to be required ‘Dietary fat intake has been proven to modify
membrane composition in neonatal rats and may be useful in modifying
human membrane 1ipid composition.

The characteristic hormonal profile at birth may play a role in

activatjon‘of many,metabolic systems, including the carnitine transport

shuttle system. Hormones affect éarnitine transport shuttle system
activity directly by modifying protein subunit function and indirectly
-by mod{r”ng membrane fluidity.

dilsgneogenesis is the major determinant of hypoglycaemia in

’

o,

-—
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neonates utilizing fat as a major energy source. Gluconeogenesis
requires energy in the form of ATP and NADH supplied by -oxidation of
fatty acids. Decreased fatty acid oxidation due to to decreased fatty

acid transport into mitochondria by the carnitﬁne‘transpoﬁt‘shuttle

17

system could, thefefore, lead to hypoglycaemia in a neonate. Research -

into the roles hormones and membrane microenvironment play in the’

activation and activity of the carnitine transport shuttle system
during the perinatal period may be important in determining formulation

of nutritional replacements -and suppléments; especially 1in the

treatment of neonates predisposed to hypoglycemia.



« . WypoTHESIS B
‘It is generally hypothesized that chaﬁbes 15 dietary fat 1eVe1:and
fatty acid ‘comp051tidn alter 1liver mitochondria]n membrane 11pid

'fcomposft1on and affects carnitine dependent fatty acid transport into .

]1ver mitochondria. It 1s specifica]]y hypothesized that

1) 1ncreasin§ unsaturated fatty acid content of dietary fat increases

~unsaturated fatty acfd cantent of livar mitocﬁqndrial membrane
photho1ip1ds;

25 1nqréasing»unsaturatedlfatty aqid cantent‘of dietary fat increases \
liver mitdchondrfal membrané levels of major unsaturated fatty acid'
contafning'phosphol1p1ds,'such as~cardioli31§: |

~3) increasing lfver mitochondrial" ,membra;e levels of major
phospholipids, ~ such 'as cardiolihin, ., Phosphatidylcholine and
phosphatidylethanolamine, ‘ 1ncreases ‘ actfvity of tarnftihe.
paluﬂtoyltransferase-l and carnitine palmitqylcarnitine translocase. |

4) increasing unsatuc:ted fatty acid content of liver mitochondrial
membrane . phospholipids _16crgases activity . of " carnitiné

pa]mitoyltraqsferasezf‘and carnitinepalmitoy! translocase.
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INTRODUCTION

, The carnitine transport shuttle system, which transports l0ng‘

. chain fatty acids into mitochondria for B-oxidation or ketogenesis, lS

o

’ comprised - of o carnitine . palmitoyltransferase 1 carnitine

palmitoyltransferase 2 and carnitine palmitoylcarnitine translocase

(1 2). Carnitine ‘palmitoylcarniti translo ase is an integralg

mémbrane protein. spanning the 1inner mitochondrial membrane and

{ ,carnitine palmitoyltransferase 1 and carnitine palmitoyltransferase 2

are peripheral membrane proteins located on- the outer and inner faces

'of the inner mitochondrial membrane respectively (2). PreVious

studies on . other -membnane proteins ‘have shown that membrane lipid

v Al

_composition affects activity of” membrane proteins (3 11). Prev1ous‘

studies have also showh that membrane lipid composition and actiVity of

membrane prateins ‘can be altered by dietary fat compOSition (12 15}

\Evidence exists to - support the hypothesis that membrane llpld"

composit@on also affects carnitine palmitoyltransferase 1 and carnitine
[/

o palmitoylcarnitine ‘7. translocase-,‘v activities. S Carnitine

vpalmitoyltransferase activity has been shown to, increase with membrane‘

incorporation, of cardiolipin and/or phosphatidylchoﬁine (16 19)

‘jCarnitine palmitoylcarnitine translocase activity had also been shown -

increase with membrane|‘dncorporation of cardiolipinf and/or l

o

fphosphatidylcholine (20 21) The effects of membrane fatty acidy ,f%

’fcomposition ';onf carnitine palmitoyltransferase ‘and;} carnitine*ﬁ:.:

"ffpalmitoylcarnitine translocase activities has not been reported.i The;

. vh'fobdective of this study was to determine whether altering dietary fat ?L;

"T.fbljl /f'“




levels_ and dietary fatty acid composition will effect carhitine’
palmitoylcarnitine translocase and carnitine  paym1toyltnan§ferase-}‘,_‘
actixiiies by modu]éting‘membrane phospholipid and phosphofipiq fatty

‘acid composition.
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MATERIALS AND METHODS .

I. ANIMALS AND DIETS

weanllnq male Sprague-Dawley rats weighlnq 46. 7 + 4.6 g were
obtalned from University of Alterta Laboratory Animal Services and were
fed semf - purlfied diets (table 1) for at least fourteen days. Dlets
and waten were suppl1ed ad 1ibitum to rats housed individually. in a

M )
temperature (22°C)- and 1light controtled room provlding twelve hour

‘light and dark periods. Rats were randomi zed 1nto four groups and fed

RN ’ (9]
one of four diets (n= 12 The four diet treatments were: high fat,
£

hlgh polyunsaturated ‘to saturated fatty acid ratio; low fat, high

polyunsaturated. to saturated fatty acid ratio; high fat, low

pol}unSaturated to saturated fatty -acid ratio and low fat, low

pol}unsaturated to saturated fatty acid ratio. High fat diets provided
e ‘

407 of calories as fat and 7.2 of calorjes as linoleic acid, while low

fat diets provided 151 of calories as fat and 3.3F of -.calories as

Tinoleic acid. Mixtures of soyabean oil and beef tallow were used to

'provide the dietary fat source. The polyunsaturated to saturated fatty

acid ratios of hlgh and low'pOlyunsaturated to saturated fatty acid

- . [
ratio diets was 1.35"and 0.35, respectively (table Z). Nutrient

densities. for non-fat components were similar-betweenvthé four diets on

]

'a per calorie basis. Cholesterol levels of the four diets were

equalized to the cholesterol content \ f .the high- fat, low
polyunsaturated to saturated fatty. acid ratlo d1et by additlon .of

cholesterol to the three diets lower in cholesterol content. Diet

treatments were 1nitiated upon arrival of the rats and continued for a



Table 1. Qomposition of Experimental Diets

rd

;Ingredient . High Fat Diet | Low Fat Diet

High P/S Low P/S HTgh P/S Low P/S

9
High protein

casein 274.1: 274.1 237.0 237.5
Cornstarch 188.7 188.7 406.1 407.8
Glucose - 211.2 211.2 ¢ 182.6 183.0
Fat mixture 202.0 200.0 65.5 65.0

Nonnutritive .
ceHu]ose'2 . 48,9 . 50.8 44.3 42.6
» Vitamin mix3 10.3 ' 10.3 8.9 9.0
Mineral mix 51.7 51.9 44.7 44.8
Choline 4.0 4.0 3.4 3.5
Inositol 6.3 6.3 5.4 © 5.4
~ L-Methionine 2.7 2.7 2.3 2.3
Cholesterol (mg) 107.0  ----- 158.0 122.0

1P/S, polyunsaturated to saturated fatty acid ratia,

ZAOAC vitamin mix (Teklad Test Diets, Madison, WI) prowided
the following per kilogram of complete diet: vitamin A, Q0,000
IU; vitamin D, 2000 IU; vitamin E, 100 mg; menadione, 5 my;
thiamin-HC1, 5 mg; riboflavin, 8 mg; pyridoxine-HC1, 40 qig;
-niacin, 40 mg; pantothenic agid, 40 mg;“choline, 2 q; myo-
inositol, 100 mg; p-aminobenzoic acid, 100 mg; biotin, 0.4 mg;
folic acid, 2 mg; and vitamin 812, 30 mg. ./f‘ '

3Bernhart-Tomare111 mineral mix (General Biochemicals, Chagrin
Falls, OH) provided the following per kilogram of complete diet:
Ca, 11.246 g; C1, 0.928 g; Cu, 8.112'mg;-1, 0.2625 mg; Fe, 46.5 mg;
Mg, 754 mg; Mn, 58.0 mg; P, 9.3204 g; K, 3.344 g; Na, 999.5 mg;

S, 6.2560 g; Zn, 21.4 mg.

29



Table 2. Fatty Acid Composition of Dibtsl

Fatty Acid High Fat Diet Low Fat
(Tw/w) ' .
N P/S=1.35 P/$=0.35 P/S=1.35 P/$=0.35

16:0 \\ L 22.18 31.84 24.79 34.02
16: Lo 1,74 4,06 1.65  4.38
18:0 L F 6.7 12.82 5.68 }1.20
18:1,,9 o V2218 27.54 . 21.10.  -26.75
18:1w7 1.52 1.96 1.7 - 1.93
18:2u6 36.86 13.63 36.58 14.84
18: 303 » 6.05 - 2.29 6.05 . 2.50
" Total saturated 30.77  49.68 32.70° 50. 37
‘Total : _ '

Monounsaturated 23.90 ~  29.96 22.67 29.19
Total .o o - - '
Polyunsaturated. 43,77 17.61 42.66 17.69
1 ) )

High fat diets (40% of calories as fat) and low fat diets
(157 of calories as fat) were fed. The polyunsaturated to
saturated fatty acid (p/s) ratio was adjusted by beef tallow
for soyabean oil. The basic differences and appropriate

- comparisons between diet treatments are describeg in the
Materials and Methods section. T

——



minimum of 14 days or a maximum ofll7 days. Rats, with a final body

‘weight of 129.1 4 13.4 g, were sacrificed by decapitation and their

‘ f
livers quickly removed and placed on ice unti]l mitochondrial 1solation.
There was no difference in final rat body weights between,“dietary

treatments.

1. MITOCHONDRIAL ISOLATION
Mitochondria were isolated from 'rat livers usingl a procedure

modified from Beiber et al (22). The livers were minced, washed three

times with ¢hilled isolation medium conta1n1ng 220 mM mannitol, 70 mM

sucrose, 2 mM HEPES (N-2- Hydroxyethy]piperazine N'-2-ethanesulfonic

31

Acid, pH 7. 4), and. 1 mM EDTA (Ethylenediaminetetraacetic Acid) Minced ‘

Clivers were homogenized using fresh 1solation medium in a T- 11neﬁ

' Laboratory Stirrer and a teflon and‘glass homogenizer to obtain a 237

(w/v) homogenate. . The homogemate was centrifuged at 4°C (600g X 15°

mln ) and mitochondr1a pelleted from the resulting supernatant (7, 7009

X 15 min.). The-second supernatant was d1scarded and the pellet

resuspended in fresh 1solat1on medium. The mitochondria] pellet was

washed twice more (7,700g X 15 min. ). The final pe]let was: resuspended'

1n 1\ ml of 1soTation medium, Mitochondrial respiratony contro] and
ADP: 0 values were calculated (23 24) The remaining mitochondrial
i_suspension was increased to a volume of 6 mls using 10 nM phosphate

buffer (pH 7.0) containing 1 M dithiothreitol and 1m al{quots were

stored frozen at 70°C for 1ater protein and lipid analysis.. Protein e

was measuked by a mod1fied Lowry procedure (25).

W

B
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-I1I. CARNITINE PALMITOYLTRANSFERASE 1 ASSAY

The rate of formation of palmitoylcarnitlne from palmltoyl -CoA and

carnltlne by carn1t1ne palmltoyltransferase l was measured uslng a

modified procedure of McGarry et al (26). Reactions were carrled out
at 30°C 1in borosll1cate glass test tubes (13mmX100mm) in a shaking
. waterbath. . The standard 1ncubation mlxture, 1n a voldme if 0.8 ml,
containeda 130 mM tris/HQl (pH 7.4); 19 mM KCl; 2.5‘mM KCN; 5.0 mM'ATP;
5.0 mM MgClz;}40 ug rotenone; 10 mghbovine serum‘albumin:'df31 mM
reduced glutathione; 2.5 mM sodium‘tetrathionate; 40;1m palmitoyl1-CoA;
0.05 uCi DL-[methyl514C?-carnitine;f40 WM to 400 »M Lacarnitine. = The

reaction mixture was preincubated for 4 minutes at 30°C. Reactionsﬂh*»

~were initiated by addition of 10 ul of mitochondrial suspension (0.1 to

0.3 mg protein) and incubated for 4 minutes. The reaction was

i

terminated by addition of 1 ml'ot 1. 2 N HC1. 'lermination'solution was

added ‘prior to the additlon of mltochondria in control reactiond

' mixtures. The labelled palmitoylcarnitlne formed was extracted by
’addition of 1.0 ml butanol. The tubes were vortexed (approximately 30
seconds), centrlfuged to separate the phases, and 0. S(ml of the butanol

A

layer was removed ‘and added to another tube (13mmX100mm) contalnlng 0. 1

' ml water and 0.5 ml butanol‘saturated with water. After vortexinq and'

centrlfuglng, 0. 2 ml of the butanol layer was counted wlth 5.0 mls

aquasql in a Beckman LS 5801 scintlllatlon counter. o {5
The Beckman sclntillation counter utllized 2 quench compensatlon

: program based on H numbers . to calculate DPM 5 wlth a countingf

‘efflclency of approximately 94 61. The automatlc quench compensation.'

14

7program was callbrated uslng Beckman C quench standands. .



- scintiilation counter as above.}

IV. CARNITINE PALMITOYLCARNITINE TRANSLOCASE ASAY ~ --
[1 14

cl- pa]mitoylcarnitine transport into rat iiver mitochondria

“by carnitine ,palmitoylcarnitine translocase‘ was ‘assayed wusing a

modified procedure of Murthy and' Pande (1) to measure production of .

’

citric acid cycle.intermediates'deriued from the acyl portion of

tranSported paimitoyicarnitine ‘Reactions were ‘carried out  at

/
approximate]y 0°C’ in borosilicate glass test tubes (13mmx100mm) in a

vshaking ice water bath The standard incubation mixture, in a volume
,vof 0.05 ml, contained 250 mM mannitol 25 mM HEPES (pH 7.4); 0.05 mM

" EDTA; 3 mM ADP: 1 mM ma]ate 5 mM'potaSSium phosphate, 0.025 wuCi

1- 14C paimitoyl carnitine; 1 uM to‘ 10 uM pa]mitoylcarnitine¢ The
reaction mixture was preincubated for 2 minutes at 0°C. Reactions were

N
1nitiated by the additiin of 10 ul of mitochondrial suspension (0 1 to

0 3 mg protein) and i cubated for 2 minutes. Paimitoyicarnitine

transport into mitochoydria was terminated by the addition of 200\:1 of

2 5 mM mers]ayl 250 mM mannitol. and 50 mM Tris/HC1 (pH 7. 4) solution.

f‘Termination solution was added prior to the addition of mitochondria in

control reaction,mixtures. The tubes were incubated for a further 10

Al

3

minutes at ‘b-0°c :to ensure conversion of imported ~

;1 14C paimitoylcarnitine to 14C'anions. thloroform (200 ui)fwas added

and tubes were vortexed vigorously to denature mitochondrial proteins.

'After centrifugation 100 ul of the aqueous layer was appiied to

pipette coiumns (0 5cmx2 5cm) containing AGSOH-XB ion exchage resin

/

."‘(200 to 400 mesh) in water and eluted with two washes of 0 5 mi watep.‘.' o

V”The‘eiuent was: counted with 5 mls aquasol in a Beckman LS 5801L



‘ extraction mixture was run through pipettes containg glass wool and

T.Q‘

Vo LIPID EXTRACTION

Mitochondrial membrane lipids were extracted using a nmdified

Folch procedure (27). Methanol (1 ml) containing ethoxyquin as’

.34

antioxidant was added to 1 ml of the stored mitochondrial suspensionf '

contained in small methylation vials. ‘The v1als were capped, vortexed

extracted with 2 ml chloroform, vortexed, and placed on ice. Protein

was separated from the extraction mixture by centrifugation. The

collected ‘inl small 'methylation "tubes. - ,- The remaining proteini'

precipitate was’ re extracted using the above procedure, - ‘Three mls of

chloroform methanol '(7:1, v/v) saturated with 287 (w/v) aqueous

ammonium was, added to the doublely extracted protein precipitatef

followed by the addition of 0.92 mls of methanol 2 4 mls'of 0 1 M KC1

and vortexing (28) The extraction mixture was run through pipettes

Al

containing glass wool ‘and - collected in small methylation tubes. Thef N

above three extraction mixtures were pooled and the resultant chlorform )

layer was. removed and evaporated to dryness under vaccuum.‘ The lipid

-

residue was resuspended in 1.0 ml of chloroform methano},(19 1 v/v).‘

| and stored in small vials at -70°C for later analysis. s

\ } - R e -

- .
. .
S . N . . o .:

VI. SEPARATION OF LIPIDS .

Phospholipids were separated using 2 modified method of Touchstone==

et al (29) High performance thin layer chromatography plates”="’i”'“

(Hhatman, HP-K high performance silica gel plates, 10 cm X 10 cm) were‘”

activated by heating one hour at 140°C., Plates were then spotted with}fﬁ."~ i



IS

150 4 17oF the‘lipid extract and developed‘in small‘develOpment'tanks‘
"_using achloroform:.‘methanol: 'é-propanol: 0.257,‘v(w/v), potassium‘
) chloride: triethylamine (30:9:25:6:18,fby‘volume),“ Plates were air
‘dried and sprayed with 0.037 (w/v) 2‘47'-dichlorofluorescene in 0.0I‘M |
sodium hydroxide and phospholipid ‘'spots visualized under u.v. light
Spots weres scraped into methylation vials for fatty acid analysis or

phosphorous determinations Cardiolipin spots were not‘ clearly

35

resolved from neutral Hpid, spots Therefore for acCurate'cardiolipin Do

fatty acid analySis, ‘the cardiolipin neutral lipid spots were. eluted
from the Silica using chloroform methanol (2 1 v/v) The eluents were
evaporated to dryness, resuspended in cholorform methanol (19 1 v/v),
spotted on l" X 3" G- plates (Whatman, MK6F silica gel plates previously
activated for one hour at 140°C) and developed in petrolum ether
diethyl ether formic ac1d (15 10 0 4 v/v/v) Plates were air dried
and cardiolipin spots- visualized as above. The resolved cardiolipin'
) spots were scraped into methylation vials for fatty acid analysis.
| \“

Vll. FATTY ACID ANALYSIS ‘

Fatty acids were methylated using a modified boron trifluoride
technique of Morrison and Smith (30) - Two mls qﬁ\distilled hexane and

1 5 mls of boron trifluoride-methanol reagent were added to methylation *"hfg

tubes containing scraped phospholipid spots. Tubes were tightly capped -

'; and samples heated at 95°C to: 105°c.: Scraped phospholipid spots uerebf"
heated for ‘one’ houn while scraped sphingomyelin 5pots were heated for.g*h?t‘ﬂi‘
one: and one half hours.. Samples were cooled and l 0 ml of water wasilrﬁ~ s

added followed by capping, vortexing and incubated for 25 minutes atijlrfi‘““

Ve \ .




room temperature; The upper hexane phase was removed and evaporated to

dryness in micro vials. Viais were capped with tefion lined . lids and

stored at 70°C untii 6C anaiysis. Fatty methy] esters were separated

36

by gas chromatography (Varian model 6000) ‘and quantified using flame .

ionization detectors (3) Chromatography was performed using a bonded‘
si]ica phase capiliiary coiumn (25 mX 0: 22 mm I. D ) coated with BP20

vitreous silica gs G E Pty, Ltd., Australia) Heiium was used as’ the'

n‘carrier gas at a coiumn flow rate of 1 08 mi/min. and inlet pressure of

540 kPa. The iniet\spiitter nas set at 8 to 1. InJector and detector‘
‘ temperatures were maintained at 250°C ‘ Coiumn temperature was
programmed to increase at a rate of 20°C per min. from 150°C to 190°C

and‘then increase at a rate of 3°C per min. from 190°C to 220°C. .

Authentic standard mixtures of fatty acid.methyl esters were used to

identify-‘iiver;lnitochondriaii‘membrane"phospholipid ,fattylfacid ‘methyl

esters. 'Identified fatty acids were‘comprisedvof the w-3 seriesIC18‘3-

€20: 3 C20 4 €20:5, C22 6; thew -6 series C18 2 C18 3 C20 2, C20: 3 .

,'CZO 4 C22‘4 C22 5 the w-? series 616 1 C18 1 the w-9 series C18 1

"CZO.l C20 3 fatty aCidS and\C14 0 C15 0 C16 0 C18 0 C19 O C24 0

fsaturated fatty acids.‘ Peak areas and weight percent fatty acid.‘ L

"fcomposition were computed by a chromatography data system (Vista 402 \

f” Varian Canada Ltd )

5 VIII. PHOSPHORUS DETERMINATION -;;y;wfq- . va l‘,;;f{ .'i : iﬁf; 14%*'

Phosphoiipids were quantitated using a modified version of Menzei*‘

- ldipa‘d Corwin s o coiourimetric : phosphorus determination t (31) e

}‘Qge‘f‘fPhosphoiipids and. potassium phosphate standards* were digested byffhfi_'thg



‘autoc]aving (120°C X 30 min. ) in 0. 03 M potassium persuifate solution.
Spectrophotometric determination | of' “Pi] in cooled-——samples was' l
accomplished u51ng 100 u 1 of chromogenic so]ution (5 89 mM ammonium
‘moiybdate, 0.50 mM potassium antimony tartarate, 0.56 M. sulfuric acid
and 0 06 M ascorbic acid) per mi of potassium persulfate so]ution.‘

Samp]es were vortexed and incubated for 30 min. at ‘room temperature.'

-Absorbance was read at 885 ‘nm.
IX. STATISTICAL ANALYSIS ~
| Carnitine, 'pa]mitoyicarnitine transiocase,' carnitine' o
palmitoy]transferase-ll activity: and. phosphorus determinations were
" assayed in duplicate and qhen averagedr vEffect of diet.treatmentionf
1ipid composition and-eniyme activity was'examined.by‘twovway analysis SR
of variance procedures fo]]owed by . Student Neuman Keul mu]tipie range*
| vtests if an effect of . diet was found (32) Relationships between lipid
'ecomp051tion and enzyme activity were examined using scatterplots and

_linear regre551on of act1v1ty versus 1ip1d compOSition (32).

f.



| RESULTS
. A |
_li*”‘ EFFECT OF DIET TREATMENT ON- LIVER MITOCHONDRIAL MEMBRANE
PHOSPHOLIPID CONTENT L ‘
| Major phospholipid constituents ‘of liver mitochondrial membranes
were phosphatidylcholine phosphatidylethanolamine and cardiolipin,
\s‘romprising greater than 237 247, and 207 (w/w), respectively, of total‘g[
J membrane phospholipids (table 3) Minor phospholipid constituents of =

liver mitochondrial membranes were phosphatidylinositol, sphingomyelin

K
\1

phosphatidylserine, and phosphatidqulycerol, compriSing greater than"'
107 87 7 and 67 (w/w), respectively, ofgtotal mitochondrial ‘membrane
phoqpholipids. Cardiolipin levels were elevated by 157, (p<0 02),
| liver mitochondrial membranes of rats fed diets containing 407 of
calories as fat compared to rats fed: diets containing 151 of calories
as fat. Total acidic phospholipid (cardiolipin! phosphatidylinositol
phospﬁatidylserine and phosphatidylglycerol) levels were elevated by
( (p<0 03), and paralleled cardiolipin distribution (table 4). TOtal .

neutral phospholipid (phosphatidylcholine, phosphatidylethanolamine and ‘

sphingomyelin) levels of liver mitochondrial membranes of rats fed low

L

f fat diets were 4 31 higher “than’ in liver mitochondrial membranes of“'vfgv?\
rats fed high fat dlEtS (P<0 05) Total neutral to total acidichi"i
ph°SP“OIlPld ratios were 9 41 lower in liver mitochondrial membranes of;dj]l';

itochondrial membranes of ratsg”1}75-5

rats fed high fat diets than in liverf

fed vlow fat diets (p<o 03) No effec -,’of dietary fat or fatty acid

TEVElS on phqﬁphatidylcholine to phosphatidylethanolamine ratio wasfjhff”i}f




' ,-tota] ’ . , '
phosphollpid 234 2+35 3 253 8+58 2 230 0+41 4 223. 7+50 0 NS ™ NS -

\

Table 3. Effect of, High versus Low Fat Diets and High versus Low
Dietary Polyunsaturated to Saturated Fatty Acid Ratios on Liver
M1tochondr1a1 Membrane Phospholipid Composition ‘ ‘ .

‘ V*VETEés are mean + standard deviation, n=12.

3

T ANS not, significant.;-‘

No. two groups were significantly different ac;ording to Student-‘
Newman Keuls' Mu]tiple Range Test (p<0.05). ' . "
4P/S polyunsaturated to. saturated fatty acid ratio.\
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PnOSpholipid ‘Phospholipid content<(ug/mg‘protein)l’? -  Two-way“
Co , ‘ ‘ S o Analysis
I 3 N . of
- ‘High Fat Diet Low Fat Diet . Variance
P/SS=1.35  P/S=0.35  P/S=1.35 P/S=0.35 Fat P/S-
‘Pﬁosphat1dyl— — — ' — B ' , ' 4
© choline 54.0+414.3 60.0+16.6.. 50.7413.8 563.0+19.2 NS~ NS
Phosphatidyl- I T o ‘ Lo
_ethanolamine 57.2+419.9 61.0+15.6 57.9+13.6 57.0+11.0.° NS~ NS ©
fJCard1o]tp1n.l‘ 51.7+410.3 50.2+10.6 43.7+410.0 43.0+11.1 p<0.02 NS
Phosphatidyl- .~ . S P
inositol 25.3+ 5.8 28.8+10.9 26.0+ 6,5 22.8+ 4.6 NS . NS
Sphingomyelin 19.2+ 6.0 19.81;6.1»‘18.31‘3!é[,17;91 4.7 NS NS’
Phosphatidy]-g“‘ o ' L e
: . serine _15'5+ 3.3 18.9+ 8.3 16. 4+ 5*3: 16.6+ 8.2 NS NS
‘JPhosphat1dy1- L : . L
g]ycerol- 13 1+ 4, 0:<15 7+ 6 7 14, 5+ 8 5 ‘11 6+ 5 8 NS NS



- Neutral

sy not. staniticant. N
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Table 4. Effect of High versus Low Fat Diets and High versus. Low
Dietary Polyunsaturated to Saturated Fatty Acid Ratios on Liver °
B Mitochondrial Memb_ggg/ﬁhospholipid Polar L1p1d Composition

Phobhdiipid . " Phosphollpid Content i 2. - Two-way

o L ‘ (7 Total Phospholipids) .
‘Group ' ‘ o ' Analys1s
. : : . of .
" High Fat Diet ‘ o Low‘Fat Diet - Varlqnce_

P/s3=1.35. P/s=0.35 P/S=1.35 = P/S=0.35 Fat P/S .

B i — N Y
‘Phospholipids 45.Q13.zf_;45,45§,3__~42.gi3.4- 43.0+3.2 p<0.03 NS
o P B T A

Phosph¢ipids’. 55l313.8* .55.945.3  58.5+4.1 57.7+4.0: p<0.05 NS

Neutral/ A
Acid1c o

Phosphalipids 1.24+0.14  1.26+0.25 1.40+0.20 1.36+0.19 p<0.03 NS

- Phosphatidyl— . S P B
- “'choline/ .. s B R R o
g“Vh Q

‘ Phosphatid{ S\ . ‘ ‘ 3 o IR
- ethanolam pq\ &@9 \ZQ 1 01+0. 23 0. 90+0 20 0.95+0.34 = NS NS

. 1Va]ues are mean + stEQQard deviation, n= 12 :
- “No. two groups were significantly different according to Student-
" 3Newman -Keuls"' Multiple Range.Test (p<0.05). ‘. .

'4P/S polyunsaturated to §aturated fatty acid ratio. o




‘membrane‘ total phospho]1p1d 1eve1s between d1etary treatments were

obsenved (tab]e 3) | N "“ R
1", EFFECT OF DIET ON LIVER MITOCHONDRIAL MEMBRANE PHOSPHOLIPID FATTY
ACID COMPOSITION

“or

\

In ‘the present study, major polyunsaturated monounsaturated and

saturated fatty ‘acid 1evels were determined 1n 1iver mitochondria]"'

41

membrane phospholipids of rats fed d1ets providinq 409 or 151 of‘

- ca]or1es'as }at ‘with po]yunsaturated to saturated,fatty acid ratio of

o ‘ﬂtillevels and polyunsaturated to saturated fatty acid ratios were_f¥

' 1.35 or 0.35.

/

!
- (a) Phosphat1dy1cho]1ne

MaJor fatty acids found’ compris1nq phosphat1dy1cho11ne were’ ;b

- fatty ac1ds represented greater than 97 267, 77, and 457 (w/w)

1

o respect1ve1y, ‘of mitochondr1al membrane phosphat1dy1choline fatty

ac1d5‘ : Diets -containing 407d"‘ ca]ories\:as\ fat 1ncreased-

(p<0 001) -High fat d1ets decreased phosphatidylcho1ine levels of 16 Oﬂ

jn rats fed high fat diets. j' TOtal saturated fatty acid 1eve1s ofﬁj'

18:206, '20: 406, 22 &n3 and saturated fatty ac1ds (tab]e 5)." The ‘above .

'phosphat1dy1choline leveis of 18 0 by 157 (p<0 001) and 20 846 by 1317iff‘ -

Hfby 2% (p<0 001) and 18: 1by 257 (P<0 001) Phosphatidylcholine totaltf& i
’v‘monounsaturated fatty acid 1eve1s were Tower by 29 (p<0. 001) in ratgf;, f“j

“e fed h1qh f diets. o Phosphatidylcholine levels f totalu_' yf.y

' ‘rtﬂtbolyunsaturated}m3 and w6 fatty ac1ds, the sum of 18 2m6 and §B 4w55ﬂj‘1{¢

’"“'g*increased by 67 (pc0. 001), 97 (p<o 001) and & (p<0 003)- PéSPECt‘Ve‘y'HfB




L P/S

oK |

)'

Table 5.

‘Polyunsaturated to Saturated Fa
Phosphatidylcholine Fatty Acid Composition
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Effect of High versus Low Fat Diets and Migh versus Low Dietary -

Acid Ratio on L1ver Mitochondria] Membrane

1O

fﬁiﬁf ‘ Fatty Acid Composition, (%w/w)}’é

Two-way Analysis

1.110.05

Ty %1  of Variance
Fatty - High Fat Diet Low Fat Diet (p()
Acid 3 . ‘ ; % ,
P/S°=1.35 ' P/S=0.35 - P/$=1.35  P/S=0.35  Fat ~ P/S Int.
' . ]
©16:0 115.640.80°  15.8+0.987  19.8+1.52%  20.6:1.60° 0.0001 NS> NS
18:0 5% 29.6+1.19° 29.0+¢1.17%  24.2¢2.23%  25.6+2.36" 0.0001 NS NS
. ) ' ‘ . (1'”\ .
18:1,9  3.8+0.63%  4.8+0.69"  4.5:0.58%" '6.5+1.15C 0.0001 0.0001 0.03
18:107 ° 1.8+0.12°  1.8+0.19%  2.5+0.43°  2.840.38° 0.0001 NS NS
1B:206  9.7+1.95  9:141.69  10v2+2.06  8.9+1.42 NS 0.04 NS
20:4,6 28.8+1.98° 27.241.22°  25.3+2.39°  23.6:2.79° 0.0001 0.01  N§
22:6,3  7.4+0:84 . 7.5+0.63  ° 7.240.72  7.0+0.73 NS NS NS
Total e , '
“sFAS 45.741.25%0 45.4+1033%° 44.6+2.55% "46.9+2.24° NS NS 0.02
Total 3 a ' b b c '
MUFA®  6.4+0.92°  7.740.97°  8.7+1.18° 11.3+1.81° 0.0001 0.0001 NS
Tota] 3 : a v ab . b 'C . ‘
CPUFA”  49.0+1.82°  47,742.48°" 46.9+41.08°  44.3+1.84° 0.0001 0.001 NS
]8 206+ g . 2 ‘ .
20:406 38.5+1.78°  36.3+1.13°" 35.5+1.22° 32.5+2.04° 0.0001 0.0001 NS
«1'.1_+_o.,o9"“_ 1.1+0.09%  1.0+0.04° 0.003 0.002 0.02

!

lValues ‘are mean + standard deviation of 12 individual an1mals for each

2dietary treatment.

i

Values, within rows, without commom superscrtpts are significantly different

3according to Student Newgin -Keuls' Multiple Range Test, (p<.05).
polyunsaturated to saturated fatty acid ratio;

“Abbreviations used:
NS =

- to saturated fatty acid’ ratio.

no significance;
4monounsaturated fatty acids,

SFA =

total saturated fatty acids;
PUFA =

MUFA = total

“total polyunsaturated fatty acids.
#7Int., interaction between effects of dietary fat level and polyﬂhsaturated

1



o

phosphatidylcholine were not altered by dietary fat'content.

Polyunsaturated to‘saturated fatty acid ratio of dietary fat had

no effect on 16:0, 18:0, 18:1 7 and total saturated'fatty acid content

of phosphatidylcholine. ”ﬁ@ets with a polyunsaturated to "saturated
fatty acid ratio ‘of-‘1.35 increased phosppatidylcholine content of
18:2,6 by 107 (p<0.04) and 20:4u6 by 6% (p<0.01), but reduced

phosphat1dy]cho]1ne 18‘1 w9 content ' by 2re (p<0. 001)

N

1
Phosphatidy]cho]ine total monounsaturated fatty acid 1eve1s decreaseg ‘
W
}..

by 207 (p<0.001), 1n rats fed diets with . po]yunsaturated to saturated“ﬁ/‘
fatty acid ratio of 1.35. Total polyunSaturated w3 and wb fatty acid r

the sum of 18:2w6 and 20:4,6 levels, and polyunsaturated to saturated ‘

fatty acid ratio levels increased by 47 (p<0.001), 7% (p<03001). and 67

'(p<0.002),»respective]y, fn mitochondrial membrane phosphatidylcholine

of rats fed diets witn polyunsaturated to saturated fatty acid ratio of

1,35,

(b) Phosphat1dylethanolamine : C o

Phosphatidytethanolamine was high in 20 4.6, 22 6 w3 and saturated
fatty acids ;table 6). 20:4u6.comprised greater than 287 (w/w) of
total phosphatidylethanolam1ne fatty acids, 22:6w3 comprised greater
than 117 (w/w), and saturated fatty acids comprised greater than 497
(w/w) of total phosphatidylethanolamine fatty acids. Diets providing
407. of calories as fat. increased phosphatidylethanolamine levels of
18:0 by 97 (p«<0. 002), and 20 4, 6 by 67 (p<0.003). High fat dfets'
lowered phosphatldylethanolamine levels of 16.0 bx 24% (p<0.001), and
18:1\-a7‘ bj‘ 23y (p<0.0u1). " Phosphatidylethanolamine . total



.44

Table 6. Effect of High vefsus Low Fat Diets and High versus Low Dietary
Polyunsaturated to Saturated Fatty Acid Ratio on Liver Mitochagndrial Membrane
Phosphatidylethanolamine Fptty Acid Composition

4

Fa;tx cid Composition, (1w/w)l’2

Two-way Analysis
of Variance

1.0:0.10

Fatty High Fat/Diet' Low Fatloiet $p<) , )
Acid 3 , ‘ , - : o a
P/S7=1.35  P/S=0.35  P/$=1.35 ° P/s=0.35 Fat . P/S Int."

16:0 - 12.301.52° 13.8+1.52° 'i7.311.4sc 17.0+0.88° 0.0001 NS> 0.03
118:0 '30.4+4.75%° 35,542,997  31.6+2.87°  31.7+2.54° 0.002 NS NS
18:149  2.540.37  2.6+0.28  2.3+0.45 2.540.37 NS NS NS

18:1u7 l.3:p.éla 1.1+0.11° 1;510.25b 1.6+40.27° 0.0001 NS NS -
18:2u6 \\2;qi£.eo' 2.6+0.74  2.7+0.55  2.441.01 NS NS NS
20:406  30.241.40°  29.6+2.70%" 28.5+1.67°® 27.9+1.31° 0.003 NS s
22:6,3  11.4+0.78  11.541.06  11.3+1.13 * 11.640.99 NS NS NS
TOtg;A3 147.322.84  49.0+3,26 ©49.543.26  49.2+2.02  Ns® NS, NS
‘TOSS;A3 4.740.77  8.5:0.41 - -4.740.76  5.2:40.67 NS NS NS
TO;S;A3 08.0+1.72  46.7+43.10  45.8+2,92  45.7+1.87 0.04 _ NS NS
18:2u6+ a ab ab b

20:406  32.8+1.84° 32,142,357 31.241.72%° 30.5:1.12° 0.001 NS NS
P/S 1:040.11 - 0.9+40.12  0.940.08 ' NS NS ' Ns

1VaIues are mean + standard deviation of 12 individual anima]s for each
dietary treatment.
Values, within rows, without common: superscripts are significantly different
3according to Student-Newman-Keuls' Multiple Range Test, (p<0.05)..
“Abbreviations used:

P/S =
NS =-no significance; SFA = total satura

total

4monounsaturated fatty acids; PUFA = tot4l polyunsaturated fatty acids.
Int., interaction between effects of dietary fat level and polyunsaturated
to saturated fatty acid ratio. ‘

polyunsaturated to saturated fatty acid ratio;e
d fatty acids; MUFA =



. total monounsaturated

7

 (¢) Cardiolipin

\

\ o . ,

polyunsaturated w3 apd w6 and the sum of 18: 306 and 20: 4m6 levels were

45

elevated by 37 (p<O. 04) and SY (p<0 OOIY, respectlvely, in rats fed:

high fat diets. Leve iaOf 18:1w9, 18:2:6, total saturated fatty acid;
tty acid and polyunsaturated to saturated fatty

ac1d ratios 1n phosphat dylethanolamine remained unchanged ‘by dletary

fat Tlevels. . Dletary pol unsaturated to saturated fatty acid ratio had
no . significant effec on .fatty acid composition of

phosphatidylethanolamine.

‘Major fatty acids found‘comprislng cardiolipln were‘lg:l, 18;2n6
and much lower , levels of saturated fatty acids. "than in
phosphat1dylchol1ne or phosphat}dylethanolamine (table 7). These fatty
~acids comprised greater than 22;\ 557 and 107 (w/w), respectively, of
the fatty acids in liver mitochondrial menbrane cardiollpln. Diets
providing 40% of calgries as fat increased cardiolipin levels of‘18:éw6

by 7% (p<0.009). Levels of 18:1 were lowered by 9% (p<0.01) 1in

cardiolipin for rats fed high fat diets. 16:0, 18:0 and total.

saturated fatty acid levels of cardiollpin were unchanged by dietary

fat content.‘
Diets- with polyunsaturated to saturated fatty acid ratlo of 1.35

1ncreased 18: 2w5 content of cardiolipln by /4 (p<0 001), but reduced

18: 1¢u7 content by 51 (p<0 001). Total monounsaturated fatty acid

levels decreased by IO% (p<0. 002) in cardiollpin for rats fed diets

with polyunsaturated to saturated fatty acid ratios of 1.35. Levels of

total” polyunsaturated w3 and w6 fatty aclds, the sum of 18: aus and
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Table‘7. Effect of High versus Low Fat Diets and Hiqh versus Low Dietary
Polyunsaturated to Saturated Fatty Acid Ratio on Liver Mitochondria] Membrane
Cardiolipin, Fatty Acid Composition

..TWO-way Analysi’s

Fatty Acid Cqmpasition,
. of Variance

(i) 12

K .

Fatty ~ . High Fat Diet Low Fat Diet (p<)
Acid ~ T, ' . . | 4
P/S"=1.35  P/$=0.35  P/S=1.35  P/$S=0.35  Fat  P/S -Int.""
" 16:0 6.141.85  5.941.32°°  6.0¢0.99  7.0+41.52 NS NS NS
18:0 | 2.440.84  2.2+0.43  2.3+0.44 . 2.8+0.60 NS NS NS
. - \)‘ ) .
18:109  7.241.37%  8.2¢41.32°  7.941.48" 9.9+1.48” 0,01 0.001 - NS
18:107  13.7+41.66%  14.141.44%% 14.541.17% 15.541.53® o0.01 NS NS
18:206° 59.1+4.99° 56.0+5.41° 57.4+4.70° 49.8+4.96° 0.009 0.001 NS
20:406 * 2.4+0.64  2.1+0.47  2.3+0.81  2.2+40.33 NS NS NS
Total 5 ‘ v ' o !
[ SPAT9.7:2:69 - 10.413.69  9.871.81  12.24412. NS ' NSNS
Ota ° M - " ‘ - ’ .
MUFA® 24.9+2.68° 25.9+2.83% 26.2+2.66%. 30.8+3.48° 0.001 0.002 0.04°
" Total” o7 , T | . - C
~PUFA® 69.0+4.80%  66.4+2.68°  66.6+3.10° 58.9+4.87° 0.0001 0.0001, D.04
18:2,6+ 3 _ a a S ‘ o
© 20:406 61.4+4.82° 58,145.53° 59,744,147 52,045.01°. 0.008 0.0001 NS .
P/S 7.511;855, 7.0¢2.02 7.0+1.40°  5.3:1.61° 0.0 0.03 NS . |
. - . ) / * i '

1Vaiues are mean + standard deviation of 12 individuaT animals. for each

2

dietary treatment. ‘
Values,. within rows, without common superscripts are siqnificantiy different

3according to Student Newman-Keuls' Multiple Range Test, (p<0.05).
P/S = polyunsaturated to saturated fatty acid ratio,

“Abbreviations used:

NS = no significance; SFA = total saturated fatty acids; MUFA =

‘total

1 gmonounsaturated fatty acids~ PUFA = total poyunsaturated fatty acids.
Int., interaction between effects of dietary fat level and polyunsaturated

to saturated fatty acid ratio. o
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. fatty ac1d levels by 17 (p<0 04)

20:40 6 levels and’ polyunsaturated to saturated fatty acid ratio of

(p<0.03), respectively, in rats fed diets wlth‘polyunsaturate'd to
| saturated fatty acid ratios of 1. 35‘ 'Polyunsa‘t'urated to saturated

fatty acid ratio of diets had no effect on 16 0, 18:0, 18‘:1w7, ?0:4u»6 :

and total saturated fatty acid content of cardiolipln.

(d) Phosphatldyllnositol

18 o, comprlslng greater than 437 of total phosphatidyllnosltol
fatty ac1ds,~and 204w6 compr1s1ng greater ‘than 367 of total
phosphat1dylinositol fatty acids, were the major fatty aclds found

comprismg phosphat1dylinositol (table 8) Dlets h1gh in fat 1ncreased

e fatty ac1ds -by-67 (p<0 01), and the sum of 18 206 and 20 8u6 levels by
137 (p<0 001). High fat diets lowered phosphatidylinositol levels of

'16 0 by 22% (p<0 01), and total monounsaturated fatty acids by - 237

47

‘cardiolipin fatty acids increased by 8 (p<0.001), 9 (p<0.001) and 147

mitochondmal membrane phosphatidyllnositol levels of 180 by 7

. (p<o0. 04), 20:4 w6 by 137 (p<0 001), total polyunsaturated m3 and wb

(p<0 006) 18 1, 18 2w6 total satur.ated fatty acld levels and’

polyunsaturated to saturated fatty acld ratlo of phosphatidyl‘lnosltol‘_‘

. fatty acid ratio of d1ets had no effect on fatty acid composltlon of

were not altered by dletary fat levels.. Polyunsaturated to saturated :

‘phosphatidylmositol, except dletary polyunsaturated to saturated fatty,‘_\\f" :

'acld ratios of 1. , 35 Towered phosphatidyllnositol total monounsaturatedm"



| Tabie 8.

Effect of High versus’ Low Fat Diets and High versus Low Dietary _
. Polyunsaturated to Saturated Fatty 'Acid Ratios onh Liver Mitochondrial Membrane y
' Phosphatidyiinositol Fatty Acid composition ‘

: NS

L,

sdietary treatment.
‘Values; within rows, without common superscripts are significantiy different
»3according to Student- Newman Keuls' Multiple Range Test, (p<0.05).: .

t\’:-Abbreviations used::

P/S =

“polyunsaturated ‘to saturated fatty acid ratio,

‘NS"= no significance, SFA = total saturated fatty acids, MUFA = total

“;7I4monounsaturated fatty: acids; PUFA = total poiyunsatunated fatty acids.

3 Int,, interaction between- effects of dietary fat levei and poiyunsaturated '

. 91:3 to saturated fatty acid ratiO-- L

“ Fatty Acid Compositinn, (7W/wi;’2 Two-way Analysis
o L of Variance
_ iFatty ‘ Hién-fat‘Diet J Lon Fat‘Diet“; : (p(i
‘ P/S=1.35  P/$=0.35 . P/S=1.35  P/S=0.35  Fat  P/S Int.
16:0 . 4.110.913"“ 5.3:1.78% 6.201.72°"  6.742.34 .01 NSNS
18:00  45.452.85  45.252.14  42.4+4.19  42.2:7.59 © 0,06 NS NS
18:169  1.140.23  1.3:0.34 1.3:9;45  1.5:0.59 NS NS NS
18:107 120,15  1.3:0.19 .1.2¢0.19 - 1.240.45° NS NS NS
o 185205 2.4+0.69 2.3:0.95  2.2+40.66  1.6:0.72 NS NS NS
20 due 39,541, 55ab 39.4+2.31° 35.515.48bc _33.214.05Cv“ NS NS NS
| TOtg;A3 51,041, 93 | 50.941.68 50.2+2,55 \‘52-4£5-96 NS NSNS
'Tb;ﬁ;A3 3.4+0.77° | 3;q:p.58?,‘.v4.2:;.3d° f:'s;311;99“ ' 0.006 o.oé NS
‘::ﬁgfgf 45ﬁ3+1 .51 A'4574:1’4?a,“‘43fqi5f§5b utas.e;4;37s‘j u;01l4 N;i NS
T 20:406 41,941, 647 41.7+42.14° - 37.8+6.08°  34.8+3.94° . 0.0001" NS
L PIS o 9+o oe | u;gip;osi; “b;qio.;s i ;o;giptis;, ‘ 'Ns NS NS '
Vaiues are mean + standard deviation of 12, individual animais for each ‘5fjf
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“_(e) Sphingomyelin ‘ | .
Sphingomyelin contained 18 2w6 20 406 and saturated fatty aclds ‘u
‘.‘representing greater than 87 121 and . 56% (w/w), respeotiyely,, of.”
‘total fétty acids in’ Sphingomyelin (table 9). Diets providlno 401”of -
calories as fat decreased sphlngomyelin content of 18 lm9 by 27
(p<0 01) and 18 lm7 by 24? (p<0 001) Dfetary fat levels had no effect
" on 16 0 18 0, 18 2w6 20'4m6 total saturated fatty acid, total

. monounsaturated fatty acid total polyunsaturated u3 and w6 fatty acld

the sum of 18 2w6 and 20: 4w6 levels and polyunsaturated to saturatedf,‘:

fatty ac1d ratios of mitochondrial membrane sphingomyelln.

N D1ets w1th polyunsaturated to saturated fatty acid ratlos of 1 35
1ncreased sph1ngomyelin levels of 18:2,6, 20 4.6 and the sum of 18: 2m6‘
‘and 20 8 u6 levels by 18 (p<0 05), 197 (p<0 02) and 197 (p<o. 001),

respect1vely. Sphlngomyelin levels of 18:1w9 and total monounsaturatedli
fatty ac1ds were ‘reduced by 28“ (p<0 001) and (p<0 004),
respectlvely,‘in rats fed diets with a: polyunsaturated to saturated
:fatty acid rat1o of 1. 35 Dietary polyunsaturated to saturated fatty
actd rat1o had no effect on levels of 16 0, 18 0 18 1w7 total:‘
"saturated fatty acid total polyunsaturated w3 and w6 fatty acid andu
‘polyunsaturated to saturated fatty acid- ratio of sphingomyelin.lk"

!

'(f) Phosphat1dylser1ne

- The main fatty acids of phosphatidylserine were found to ben"
"20 4w6 comprislng greater than 201 (w/w); and saturated fatty aclds;~f

t"f:.:compmsing greater than 52% (w/w) mitochondrial membranelﬁff

e f*phosphatzdylserine fatty acids (table 10) Dletary fat leVel affected'75

i
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'Tabie 9 Effect of High versus Low Fat Diets and High versus Low Dietary
T Polyunsaturated to Saturated Fatty Acid Ratio on Liver Mitochondrial Membrane‘
Sphinqomyeiin Fatty Acid Composition

Fatty Acid Composition, (xwm)’Z  Two-way Analysis.
T R R S of Variance
. Fatty 'High Fat Diet . Low Fat Diet . .- ' = (p<)
CoAcid T — e S
. P/S°=1.35 - P/S=0.35  P/S=1.35  P/s=0.35 ' Fat ' 'P/S Int.

S 16:0 7 27.345.36  26.7+5.08  28.443.28 - 29’0+3 9  NS® NS NS
18:0  24.9¥3.50 24.5+4.93  23.6+2.26 ‘22 3+4.04 NS NS NS

18:1w9 < 5.040.97° 5.9+2.167  '5.3:0.91% 8 32, 51 0.01. 0.0001°0.04

CABile7 2140507 2,140.68% 2. 540, 60 2. 9+o 75% 0Bb1 s NS
18:206  9.7:3.00 < 7.552.60 9. 143.38  8.0:2.97 NS 0.05 NS
20:0u6  14.234.81° 12.982.75% 14.7:2.87%  10,543. 87b NS 0.02 B
] 'TOtg;A3 57.345. 63 570846.17°.  56.4+2.11 - §5.243.89 R )
T et s 1ot 16,4008 1 00t s
CUWURRS 12,443,007 15.143.53%0  12.9+2.46 16.4:0.18°% N5 0.008 NS
ﬁ fTOES;A3 30. 6+é'33" 27.9+4.85 3i;oizlisrfi.zs 47,90 NS NSNS -
o et 23‘9+5 51° 20.4:3.61%0 23.683.437 18, 24390 NS 0.001 NS - -
' ;:7P/s,f' 0. 620, 20 ,o.qiu{LZ'wv.'otqip.qs<:,_;o.sipa18 | v]:ns,d.' usl‘;-usi,;
R 13{w1Va1ues are’ mean + standard deviation of 12 1ndividua1 animais for each

o 2dietary treatment. - '
“values; ‘within rows, without common superscripts are significantiy different
v 3accordinq to Student Newman-Keuls* ‘Multiple. Range Test, (pd,05).. .
= wj_yw'Abbreviations used:: P/S = polyunsaturated to saturated fatty acid: ratio,i.,_ B
e N o significance, SEA ="total’ saturated fatty- acids; MUFA-= ‘total ,»;;[ S
’“*4m ounsaturated fatty ‘acids; PUFA = total poiyunsaturated fatty acids.. A e
' Ints, “interaction between effects. of dietary fat 1eve1 and poiyunsaturated . :
“Q;to saturated fatty acid ratio.;_~L_;g D R e A R S




Table 10.
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Effect of High versus Low Fat Diets and High versus Low Dletary '

. Polyunsaturated to Saturated Fatty Acid Ratio on Liver Mitochondrial Membrane L
Phosphatidylserine Fatty Acid Composition C

A . o

Fatay'Acid‘Composition; (fn/w)l’z lyiﬁTWO-wayfAna]ysfs o
| . . e _ ‘ - of Variance - .
Fatty ~  Migh Fat Diet Low Fat Diet e
T —-

. P/S’=1.35- - P/S=0.35  P/S=1.35  P/5=0.35 .Fat  P/S . Int.
16;oy t14:754;05 f‘ls,zis.sx "\17.o+3.36 | 16.445.21 “wsd s :,NSﬂl
ie:o: yi‘35,9:3;46 33.244.97 . 34, 8+4 01 r3o.835585‘f‘f‘us NS NS“a

18:109. 4.050.52°  5.441.710 4. 3+0. 502 4.4+0.66° 10.05 : NSNS
18:167 2,040,290 7 2.440.52%0 2.210,47°v - 3.1+0.5¢° 0.0001 0.02 NS’
18:206 4. 641 34 '14.4:;.39 ‘4.ziﬁ;14~‘ "3.311.31' NS NS‘_ NS
20:006 " 21.6+2.36%0 10.7+44.96°° 23.0+2.36° 18.0+4.31° NS Q.01 NS
22:603  6.131.37  5.841.89  6.801.22 : 5.241.36 NS K5~ NS
9“”£SE§%A3:'53.2¥4.34 52.246.37  54.0¢3.89  52.445. }4';" NS NSNS
- O;SFA3 11,241.80 ‘,‘13 3. 47 10.7:2.94 - 14.132.25 NS 0.004 < NS. |
| T0§3;A3"34 944, 02 '32 443.70  '36.6+0.89  33.543. 12 NS+ 0.03 r.V'us?‘ff
| ,J;go?2523226 243.16% . 24.1s2.92° -27;213;}59"'21,31;.7p¢ NSt 0.0001 NS
RS ;, 0.740.12 O.§:9.18 | o;?idglo: y["O,zio;tzf«'NS.f,u\st'y s

1Va]ues are mean +. standard deviation of 12 1nd1v1dua1 animals for each
2dietary ‘treatment. . : A
Values, within rows, without common. superscripts are signfficantly different,g :

3according to Student-Newman-Keuls' ‘Multiple Rangé Test, (p<0. 05)¢;‘“
Abbreviations used: .
. NS = no significance;’ SFA
4monounsaturated fatty: acids* PUFA =

Cen oyt
Lo

P/S: = po]yunsaturated to. saturated fatty acid ratio-‘f'df

.total saturated.fatty- acids; MUFA: = total"

“total polyunsaturated fatty acids. "
“Inte,: {nteraction between. effects of dletary fat level and polyunsaturated
to saturated fatty ac1d ratio.a,;u.r P S Lo




"Afigfthe suﬁfof 18 2w6 and 20 4w5 leve Sq

. R [
Foad

: only 18: lw9 and 18 1w7 content of phOSphatidylserine. Higﬁ fat diets

o lowered phosphatidylserine 18 lw7 levels by 251 (p<o0. 001) ‘and increased'v

' ?18 w9 levels by 71 (pg?S)
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' Diets with high polyunsaturated to saturated fatty acid ratios

increased phosphatidylserine levels of 20 4»6 by. 157 (P(O 01), total‘ |

ipolyunsaturatedcu3 and w6 fatty acids by 81 (p<o. 03), and the sum of ’

’ 18 2w5 and‘20 406 . levels by 15% (p<0 01). Phosphatidylserine levels of
c"

‘.18 lw7 and total monounsaturated fatty acies were" lowered by 147

(p<0 02) and.  20¢ '(p<0 004), respectively, by, feeding ‘diets‘ with-

polyunsaturated saturated R fatty' acid "ratios - of 1‘35;
Polyunsaturated to saturated fatty acid ratio of dietary fat had no
effect on 16 0 18 0, 18:2,6 and 22 6w3. levels of phosphatidylserine

0
(g) Phosphatidylglycerol

‘ The maJor fatty acids found comprising phosphatidyl glycerol were
X

18:1,718:2u6, 20 4»6 and saturated fatty acids (table 11) The above

‘fatty acids comprised greater than 147, 357, 107, -and 277 (w/w),:hf”

. respectively," of total phosphatidylglycerol fatty \ac1ds.»‘ Dietsf ;"

\pr0viding 407 calories s _ fat“ increased 18 2 u)ﬁ total :

]

r\fpolyunsaturated w3 and w5 fatty acid and the sum of 18 2w6 and 20 4w5Ji;

B levels of mitochondrial membrane phosphatidylglycerol by 147 (p<0 005),

'grats fed high fat diets. 18 hn7 levels were lowered by 3% (p<0 01) and&f17m"ﬂf

';Vphosphatidylglycerol by

lie increased by 77 (p<0 04) ln#ff?i

g ”;77 (p<0 007) and 107 (p<0 004). respectively. . Phosphatidylglycerol.1iﬁ:1

Sy Y

.f,"{levels of total monounsaturated fatty acid decreased by 101 (p<0 05) in;iliu o

tdiets providing a polyunsaturated to saturatedfff7x’lf
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Effect of H1gh versus. Low Fat . Diets and High, versus -Low Dietary
Po]yunsaturated to Saturated Fatty Acid Raio on L1ver~Mitochondrial Membrane
Phosphatidy]g1ycero] Fatty Acid Composition

Fatty-Acid'Cpmpdsition,\(7w/u)3;2

Two-uay Analys1s

N ~-of Variance 2

‘Fatty. ' High Fat Diet . Low Fat Diet (be)
P/S=1.35  P/S=0.35  P/S=1.35  P/S=0.35 =~ Fat. P/S Int.
16:0 . 9.042.90  9.7+43.07 = 10.5+5.94  9.9+3.06 . NS> NS RS
18:0  14.633.14  14.5+43.00. . 14.4+3.87 14.2¢43.02  NS- NS NS
. 18:1u9 5 8+1.75° 610120 5.300.90° 7.141.23° NS 0.01 NS
o 18:107 . B 0+1 55 - 8.141.27 . 8.341.80  8.7+1.68 NS NS NS
18:2.6  38.9+5.54%  37.046.72%  35.047.77% 30.3:4.75%C 0.005 - N5 . NS
20:456  9.6+1,85 | 10.0+2.26  10.4+3.57 _ 1o 14266 NS NS NS
Total oL =T o A ‘
SFAS 26.440.09  27.3%5.47  21.6+7.71 29.54d. 67 NS NSNS
Total T L St B
MUFA> 17.33. 17% 16.7+2.857  17.343. 52 20.5+43.37° 0.05 NS’ 0,05
TOtal‘3 ab o fa o b . ‘
puFaS s, o+5 60%" . 57.845.00°  55.015. 492 52.4+3.58° 0. 007 . NS - NS
18:2,6+ R o S
20&¢»6“48 5+5 42" 47.045.87 $5.456.337 30.4+4.05 0.004 0.04 NS
. 2.3+0.46 »z;qio,éd ..\‘2;219;77 1.8+40.37 NS . NS NS’

A_zdietary

treatmenf

o 3according to. Student .Neuman-

‘ Abbreviations used:
NS ="no significance, SFA
‘:4monounsaturated fatty acids PUFA £

P/S =

o _1Va1ues are mean + standard dev1ation of 12 1ndiv1dua1 animals for each;‘

“Values, ‘within rows; without common superscripts are significantly different
Keuls' Multiple Range Test, (p<0.05). o
po]yunsaturated to saturated fatty ;acid. ratio, o
“total. saturated fatty" acids; MUFA = total :
. total’ polyunsaturated fatty-acids.

~Int,, interaction between effects of dietacy-fat 1eve1 and polyunsaturated .

o ‘to! saturated fatty acid ratio.ufgﬂ s

v%,
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fatty acid ratlos of 1. 35 - No other effects'of'diet ry\fattyracld

'-composTtTon—“Un- fatty ac1d composltion of phosphatldylglycerol were

B

. ! \
Hepatlc mltochondrial membrane total phosphollp1ds contalned 18: 0

SN
‘]8 2w6 and 20: &uG representlng greater than 251,,197, and 217,,

noted

ﬁx(h) Total Phospholip1d

respectively, of total fatty acids ln total phosphollp1ds (table 12)
‘V-Dlets prov1d1ng 407 - of.;alorles as- fat 1ncreased total phosphollpld \ '
,‘ levels of 18:0 by 81 (p<o 006) 18: 2m5 by 102 (p<0 001) 20:4 6. by 7% \.. |
“"(p<0 004), total polyunsaturated w3 and m6 fatty acid by 57 (p<0 001) N R
"and the sum“of 18: 2w6 and 20: 4w6 levels hy 9% (p<0 003) ngh fat \vu“
dlets decreased total phospholipld levels of 162 0 by. 181 (p<0 001), ‘;*'
A

- 18: 1w9 by 111 (p<0 001) 18 147 by 87 (p<0 006), total saturated fatty
N

. l

| lac1d by 27 (p<0 001) and total monounsaturated fatty acid by 117
(p<0. 003). D1etary fat levels hadx no significant effects on total
phospholipld polyunsaturated to saturated fatty acid ratlos.

| Dietary polyunsaturated to saturated fatty acid ratio had no .
x‘effect on total phosphol1pid levels of 16 0. 18 o, 18 1 w7 and 20 4w6.
lDlets wlth poyunsaturated to saturated fatty acld ratio of 1 35

: 1ncreased total phosphollpid levels of 18 2m6 by 127 (p<0 001), total ‘l,y\‘

,Kviipolyunsaturated wa and w5 fatty acid by 41 (p<0 001) and the sum of

';;18 2w6 and 20 4w6 levels by 72 (p<0‘003) Levels of 18 1w9 total ol}féf

: *;ﬂyfsaturated fatty acid and total monounsaturated fatty acid wete

P v7}fffrespectlvelyf

'*_,--,lf.decreased by (p<o oo1), 3 (p<o 001) and 1y (p<0 001)’1,

rln rats fed dlets providlng polyunsaturated to saturated
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~.Table 12. Effect of High versus Low Fat Diets and High versus Low Dietary '
“Polyunsaturated to Saturateg Fatty Acid Ratio on Liver. Mitochondria] Membrane
d ' .

Total Phospholipid Fatty Ac Composition
e - Fatty Ac1d CompOSItion, (1w/w) Two way Analysis ’
; o ‘ - _ ' of . Variance
Fatty 'High Fat Diet . Low Fat,Diet | o (p<)
-~ Acid ,"3 —— — ‘ T
: P/S7=1.35 * P/S=0.35 ‘P/S=1.35 P/S=O.35 O Fat - *‘P/S‘ ‘Int.::
‘ .f' o a. ond "“‘.;“ b i'b‘ : A 3 .f
16:0.  12.042.00" 12.5+1.20° 14.7+1.30" 15.2+1.50 , Q.OOO]\- NS NS

18:0 ' 25.132.70  26.0+2.20  23.442.20 23.642.80 0,006 NS - NS
18:109 . 41140.50° 4.7:0.60°  '4.3:0.40% " 5.620.50° 0,001 0.0001 0.01 '
® 5140.5> 0.006 N5 NS

C 187206 19, 4+1 80%, 17.311.9ob 17'6+i 80° 15.4+2,00  0.001 0.0001 NS

20:4,6  21.4+1.007 .21.4+2.07° . 20. 5+1*anﬁ( 19. 241, 90b 0.004 . NS NS,
a2 |

Total S . .
| SFA3“38,514.20‘- 1 40.0+2.90°  39.5+2.60° 40-813-50 0. 0001 0. 0001 0.006
Total =5 ' é L b E b'i‘ » ‘
oo MUFA™ 11.0+1.05 11.541.107 = 11.5+41.107 ~13. 9+1'40 0 0001 0 001 " NS
' ‘_Total‘3 T P 7} ‘b C
" PUFA™ . 50.6+2.20 48, 842230 ; 48;211.30 45 741, 90 ' 0.0001 0.0001‘ NS
186t T S N
© 20:406 40.8+1.80 38. 7+1 70 38.0+1;70 34 5+2 00 ,0.003 0.003 . NS
P/S 1,319.145A‘ 1.210. ogab 1. 2+o 0g°° 1.1:9.10‘ . NS NS - NS

) 1Vaiues are mean + standard deviation of . 12 1ndividual animals for each
‘ 2dietary treatment. ° .
““Values, within rows, without common superscripts are: significantly different

o 3according to- Student Newman-Keuis Multiple. Range Test, -(p<0.05).. 2y
- "Abbreviations used: P/S polyunsaturated to saturated fatty acid ratio,
.. NS'='no significance ‘SFA = total saturated fatty acids; MUFA = total
'vﬁ4monounsaturated fatty. acids, PUFA = total polyunsaturated fatty ‘acids.’ S

. Int., interaction between effects of dietary fat level and poiyunsaturated
. to saturated fatty acid ratio. R AT y :
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fatty"acid ratio of 1.35.

11. EFFECT OF 'DIET ON HEPATIC ‘CARNITINE PALMI TOYLCARNI TINE

‘ TRANSLOCASE AND CARNITINE PALMITOYLTRANSFERASE 1 FUNCTIONS

.
]

palmitoyitransferase-l activities were each assessed at six different-

substrate concentration levels. Activities observed at these six

"concentration . levels were used to calcu]ate carnitine
. palmitoylcarnitine translocase ve]oc‘ty (table 13) and Km for carnitine

.palmitoyltransferase-l'(tabies'id).

[

(a) Carnitine Palmitoylcarnitine Translocase

Although carnitine palmitoylcarnitine transjocase activity,

‘assessed over all substrate concentrations by repeaféd measures

-analysis of variance,‘increased by 281 in rats fed high\fat die}s the

increase in activity was not significant (taﬁie 13) \Carﬁitine

‘ paimitoylcarnitine translocase activity at substrate concentra{i:;xof 4

- nmol palmitoylcarhitine was 197 (p<0.03) higher in rats fed h

diets than nin 'rats f Tow fat diets.- © Although, carnitine
3Zase ve]ocity deterhined by activity versus

palmitoylcarnitine transl

substrate concentration plots was 61 higher in rats fed high fat diets

O

. than in rats- ted low fat. diets, velocity was not significantly altered

by - dieta y fat level\ - Carnitine pa]mitoylcarnitine translocase
N ‘ / 1
velocity,\aecivity at substrate concentration of . 4 nmol and activity

determiQed by repeated measures analysis of variance were not affected

‘\ . -
Lo P .

Carnitine palmitoyicarnitine translocase and carnitine”

fat.

o —



Table 13. Effect of High versus Low Fat Diets and High’ versus Low Dietary
Polyunsaturated to Saturated Fatty Acid Ratios on Hepatic Carnitine
Pa1m1toylcarn1tine Trans]ocase Functions

Function Measurementsl’ ~ ‘Analysis
= ‘ of Variance

Function High Fat Diet Low Fat Diet O (p<)
3 | | 4
P/s7=1.35  P/$=0.35 P/$=1.35  P/S=0.35 Fat P/S Int.
Total 5 . ‘ o3 v "1
Activity’ 316 +777 249 +172 194 +167 = 214 +148 NS> NSNS
Activity |
at 4dnmol

substrate® 189 + 65.5 204 + 76.5 149 +.60.5 171 + 55.5 0.03 NS NS

|+

Velocity’  40.8+ 15.7  47.4+ 18.7 40.6 2h.0 42,00 16.0 NS NS NS

N

{
(
-
1Values are mean + standard deviation. \\ _—

No two groups were s1gn1f1cantly different according to Student-Newman-Keuls'

Multiple Range Test (p<0.05). A ' '

Abbreviations used: P/S = po]yunsaturated to saturated fatty acid ratio;

NS = no significance.

Int., interaction between effects of dietary fat level and polyunsaturated
5to saturated fatty acid ratio. v

“Activity, (pmol/min./mg prot.), observed at six concentration levels of
palmitoylcarnitine substrate were compared using repeated measures analysis
of variance, n=72. Cl
Activity, (pmol/min./mg prot.); observed at concentration 1ével of 4 nmo]
pa!mitoylcarnitine substrate were compared usinq ‘twoway analysis of variance,
n=12,

7Velocity, (pmol/min./mg prot. /nm01 substrate), was determined hy activity
versus palmitoylcarnitine substrate concentration plots, n= 12

3
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.Table 14. Effect of High versus Low Fat Diets and High versus Low Dietary
Polyunsaturated to Saturated Fatt Acid Ratios on Hepatic Carnitine '
Palmitoyltransferase 1 Fug%t1ons

Function Measurements*Z o ~ Analysis
o of Variance
‘Function - High Fat Diet Low Fat Diet . (p<)
'P/S3=1.35 P/5=0.35 P/S=1.35 P/5=0.35 Fat P/S Int.q‘

Total 8 . o . 3

Activity 983&484 ‘ _10781460 © 973 4446 1041 +373 - 0.04 NS™ NS
Activity .
at 40 nmo . ' o . _

Substrate 525+121 579+139 523 ':}53 641 +123 NS ~0.03 NS

7

km' 103+ 43.0 111+ 61.0  97.8+ 36.4  68.0+ 38.1 NS NS NS

e

. - . - Y
: %Va]ues are mean + standard deviation. \\B _

No two groups were significant1y different according to Student-Newman-Keuls'
Multiple Range Test, (p<0.05).
Abbreviations used: P/S = polyunsaturated.to. saturated fatty acid ratio;
4NS = no significance.

Int.,-interaction between effects of dietary fat level and polyunsaturated
to saturated fatty acid ratios.
Activity, (pmol/min./mg prot.), observed at six concentration levels of
carnitine substrate were compared using repeated measures of ana]ysis of
6variance. n=72. -

Activity, (pmol/min. /mg prot.),’ observed at concentration level 40 nmol
carnitine substrate concentration were compared usinq two-way ana]ysis of

"7var1ance, n=12."
Km, (uM). was determined by Eadie-Hofstee plots n= 12..

5



.by dietary polyunsaturated to saturated fatty acid ratio.

"(b) Carnitine Palmltoyltransferase-l

Repeated measures analysis of‘varlanoe assessed}over all substratev
concentrations showed that carn1tlne ,palmltoyltransferaseal ‘actiulty
1ncreased-by 2% (p<0.04) in‘rata fed h1§h tat‘diets (table 14).
.Dietary fat levels did not ; 31gn1f1¢antlj alter 'carnitine
palmitoyltranSferase-l activity at 40 nmol sybstrate‘ concentratlont
Although, carnitine palmitoyltransferaseel Km determined " by
Eadie- Hofstee plots was 22X higher-in rats fed high fat diets than in ‘
rats fed low fat diets Km was not significantly altered.by dietary fat
levels. .Carnitine palmltoyltransferase 1 activity analyzed by repeated
measures of analysis of variance, although not slgniflcantly different,
was 7% higher in rats fed diets wlth polyunsaturated to saturated fatty‘
acid ratios of .0.35. Carnitine palmitoyltransferase-l_activity at
substrate concentratlon'of“40 nmol was 147 (p<0.03) hlgher‘jn rats fed
diets with polyungg::r;tEd\to saturated fatty acid ratlo}of 0.35. than
"ln‘rats fed diets with pdlyunsaturated to saturated fatty acid ratio of :
1, 35. D1etary polyunsaturated to saturated fatty acid ratio had no |
significant effect on carﬂltine palmltoyltransferase 1 Km values. |
CIv. .-~~RELATIONSHIP BETWEEN MITOCHONDRIAL MEMBRANE PHOSPHOLIPID_
- DISTRIBUTION ON CARNITINE PALMITOYLCARNITINE TRANSLOCASE AND CARNITINE
PALMITOYLTRANSFERAS‘ 1 FUNCTIONS :

To examlne the relationshlp between membrane phospholipld--‘

compositional changes‘and membrane’ proteln.activity.}scatterplots and



regression Tines were constructed to illustrate mitochondrial carnitine

palmitoylcarnitine translocase functions versus mitochondriai membrane

phospholipid levels and’ Carnitine palmitoyltransferase 1 functions;

versus mitochondrial membrane phospholipid levels. Regression

equations, correlation coefficients (r). ‘and . significance of membrane

Y

phosphoiipid 1evei correiation coefficients (p) with carnitine -

paimitoylcarnitine translocase functions -are presented (table 15).

Correlations of membrane - phospho]ipid ievels ‘versus ' carpitine

~ palmitoyltransferase-1 functions are also presented.(Tabie 16).

(a) Carnitine Palmitoylcarnitine Translocase

Increased carnitine‘paimitoylcarnitine translocase activitj at

substrate concentration of - 4 nmol (r=0 51, ”p<0"00009)“ and carnitine

aimitoyicarnitine translocase ve]ocity (r 0.60, p<0.00001, figure'l)

corresponded with increasing cardioiipin leveis. ~ Carnitine

paimitoyicarnitine transiocase velocity \and, actiyity' at 4 nmol

substrate ' concentration a]so * correlated "withﬂ increasing

p<0.007)," phosphatidylinositoi (veiocity:'Ar=0.30, p<o;oz, -activity:
r=0.32, p<0 01) and phosphatidyiglyceroi 5(veiocity' r=0.3§. p<0.003,

',activity &32 .p<Q. 01) 1eveis (results not shown) It iogicaiiy

foliowed that carnitine palmitoyicarnitine ‘ transiocase -velocity

.phosphatidyiserine (velocity: r=0.48, p<0.0003, activity: r=0.35,

(ré0.59' p<0. 00001) ahd‘activity at substrate‘concentration of'4'nmoi
(r-O 52 p<0 00009) increased as total acidic phosphoiipid leveis_
- increased.-_ Carnitine paimitoylcarnitine transiocase veiocity and e

Iﬂfactivity at 4 nmoi .substrate concentration‘ also increased _as :
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Table 15. Regression Equations Representing the Relationship Between
Liver Mitochondrial Membrané Phospholipid Leve1s and Carnitine
Pa]mitoylcarn1t1ne Trans]ocase Function

Function Phosphol1p1d - . Linear b e
. (ug/mg protein) . Regression -
Co ‘ Equation

Activity  Cardiolipin .
at 4 nmo]3 ‘ _ :
. Substrate Acidic phospholipids vy

«
]

3.20x+ 28.6°  0.51 -0.00009

"

1.38x+ 33.8  0.52  0.00009

Neutral phospho]ipids y

.on

0.98x+ 50.8  0.38  0.004

Neutral to acidie‘. S : :
phospholipid ratio  y=-81.2 x-283": = -0.27 ' 0.03

Membrane total c ] . S o
phospholipids y=. 0.65x+ 26.1  0.45 0.0006

Velocity’ Cardiolipin y= 1.0Ix- 4.93 0.60 0.000001
- Acidic phospholipids y= 0.43x- 2:79 0,59  0.000001
Neutral phospholipids y= 0.33x- 0.90 0.47 - 0.0004 "

Neutral to‘acidie , e , -
phospholipid ratio  y=-23.3 x- 72.5 -0.28 0.03

" Membrane total :
_phospholipids = =~ = y= -

0.22x- 9.88 0.57 0.00001" -

: lr; regression correlation coefficient. o - L

p<, significance of correlation. '

Values are given for linear regression: over al] diet treatment groups

-between y, carnitine pa1m1toy1carnitine translocase activity at 4-

" nmol' substrate (pm1/min, /mg-prot.) versus x,. Tiver. mitochondrial

) 4membrane phaspholipid levels (ug/mg prot. )s n=48.. S

Values are given for linear regression over-all diet- treatment groups o

" between y, carnitine palmitoylcarnitine translocase: velocity ‘
“(pmol/min. /mg -prot./nmol palmitoylcarnitine) determined. from activiy
‘versus palmitoylcarnitine substrate concentration.plots versus X, .~ - .
liver m1tochondr1al membrane phospholipid levels (ug/mg prot ). n-48.ﬂ::1¢ T

FA
!




Table 16. RégresSion Equations Representing the'RelationSh1p\Between
Liver Mitochondrial Membrane. Phospho11pid Levels and Carnitine
‘Palmitoyltransferase 1 Function . N )

o

1 2

'Function. j " Phospholipid. ©  Linear o pg
- (ug/mg protein) ,  Regression X ‘ ‘
\ ¢ - Equation
Activity Cardiolipin ,p.§=‘3.bsx+4oz‘ ©0.27- 0.03
at 40 nmo e e N :
‘Substrate ;Phosphatidylcholine _y= 2.59x+433 0.28 '0.03
. Phosphatidyl- | R o
' ethanolam1ne yé”3.6OX+365 0.30 0.02
| ‘Neutral phospholipids yT‘2.02x4340' 0,335 0.01
k' Cardiolipin . y= 5.43x+ 71,3 0,24 0.05
| ‘Neutral to Acidic ‘ |
(without cardiolipin) = o o
phospholipid ratio ‘ y=32.2 x+ 18,2 "7 0.35 0.007
‘lr, regression correlation coefficient.

3p<, significance of correlation. ‘.

“Values are given for linear regressidn over all, diet treatment qroyps‘

 between y, carnitine pa]mitoy]transferase 1 activity at 40 nmol

substrate (pmol/min./mg prot.) versus x; 11ver mitochondrial membrane..

4phospholipid levels, (ug/ mg prot.), n-48.' T

“Values ‘are given for linear regression over all diet treatment groups‘n

‘between 'y, carnitine paimitoyltransferase-1 Km (uM) determined from
~Eadie-Hofstee plots versus: x, liver mitochondrial membrane B
phospholipid levels (ug/mq prot ), n=48.y T ‘

[+ 14
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Hepatic: Mitochondrial  Membrane Cardiolipin Levels and Carnitine
Pa]mtoylcarnitme - Translocase - velocity. - Carnitine

~palmitoylcarnitine “translocase velocities were determined from - -
~activity versus - substrate concentration  plots .‘for individual «
. animals. .’ Data from - individual: - animals’ from each: dietary .
. treatment group were used to construct the regression Hne y=
‘;1 le 4,93 (r- .60, p<0 00001, n= 48) , ,
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‘.decreasing total ‘neutral to total acidic ‘phospholipid' ratios.
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N .
>

phospbatidylcholine"‘(velocityi‘ r=0'33 ,‘p<0‘01 “activity; ‘f=o 26'
“‘p(0.04) and phosphatidylethanolamine (velocity ‘r=0 53 p<0 00005

activity r=0 47, p<0 0004) levels increaSed (results not . shown) It

v — -

“logically followed that 'carnitine palmitoylcarnitine translocase"

t

velocity (r=0 a7, p(O 0004 figure 2) and activity at 4 nmol substrate.“

'concentration (r 0 38 p<0 004) increased as mitochondrial membrane

' *ntotal neutral phospholipid levels increased IncreaSing carnitine

palmitoylcarnitine translocase velocity (r--o 28 p<0 03) ‘and activity‘j;

‘at 4 nmol - substrate concentration (r—-O 27, p<0.03) correlated;withl‘*

.‘Carnitine palmitoylcarnitine translocase velocity (r 0 57 p<0 00001)'

S and activity at 4 nmol subStrate concentration (r-O 45 p<0 0006)

‘increased with increasing total phospholipid content of membranes.

(b) Carnitine Palmitoyltransferase 1

I

Carnitine palmitoyltransferase 1 activity at. 40 nmol substrate”‘

concentration (r-O 27 p<0 03) and carnitine palmitoyltransferase 1" Km‘r

(r=0 24 p<0 05) increased as cardiolipin levels increased Total :

acidic phospholipid levels were not significantly correlated withf‘~

_-either. carnitine palmitoyltransferase I activity at. 40 nmol substrate

.————«-——0-—’_"‘

concentration or carnitine palmitoyltransferase«l Km. But, carnitinet[lj;

Pﬂg:vphosphatidylserine and phosphatidylglycerol levels increased (r -0 24\_‘

S ﬁ7f1p<0 05) f‘LCarnitine palmitoyltransferase-l activity at 40 nmolff:;f;



A)A |

ubsfrcie

C—
S o
- 1
T 4

.
(@)
A—r}
.

CPC Tr‘ohslocdsé"VeIOCJ"ry' -

o

pmol/min./mg prot./nmol s

(

Toi‘ol Neutral Phosphollplds
(ug/ mg protein) '

) ,F1gure 2. Regression Line Representing ‘the Relatwnship Between" .
; Hepatic Mitochondria] Membrane Total Neutral Phospholipid Levels

65

75 .95 . 415 135 © 155 175

-and- Carnitine . Palmitoylcarnitine Translocase ; Velocity."_‘ L

. Carnitine palmitoylcarnitine translocase, velocities': ‘were
Qdetermmed ‘from- activity -versus substrate concentration. plots.

r-for 1nd1v1dua1 animals.’ “Data from. individual animals from . each

dietary treatment -group ‘were. used .to construct the regress‘lonjf};”'-’“‘

Hne y-O 33x 0 90 (r-O 47, p<0 0004 n~48)




i"the present study, ‘carnitine paimitoyltransferase -1 Km increased as

; 663“

) total neutral phospholipids versus the sum of phosphatidylinositol ‘

phosphatidylserine and phosphatidy]giycerol 1evels ratio increased‘j

(r=0.35, p<o 007)

R v." RELATIONSHIP BETWEEN LIVER MITOCHONDRIAL MEMBRANE PHOSPHOLIPID

FATTY ACID COMPOSITION AND CARNITINE PALMITOYLCARNITINE TRANSLOCASE AND -

‘ CARNITINE PALMITOYLTRANSFERASE 1 FUNCTIONS

To examine thelrelationship between membrane phospho]ipid fatty_“

‘pacid compositional changes an ~j activity of membrane protein,

i_scatterpiots and regression 1ines were constructed to il]ustrate"

mitochondriai carnitine pa]mitoylcarnitine translocase fun%tions versus

n,‘mitochondrial membrane phospho]ipid fatty acid levels and carnitine N

“pa1mitoy1transferase-1‘ functions ' versus mitochondriai . membrane"

f'fphospholipid fatty ac1d leve]s. Regression equations, COrrelation:'

"‘coefficients (r), and significance of phOSpholipid fatty aCid level

; correiation ‘ coefficients f(p) i with carnitine . paimitoyicarnitine

,translocase functions are presented (tab]e 17) Correlations of

“%phospholipid fatty acid levels versus carnitinedpaimitoyitransferase-lﬁ” o

S

f}functions are also presented (tabie 18)

vf(a) Carnitine Palmitoyicarnitine Translocase

InCreasing leveis of 18 0 from phosphatidylchoiine (r 0 41

‘;‘p<0 002, figure 3), phosphatidyiethanoiamine (r=0 34 p<0 009 resuitsgf-ffﬁ

;'[f.ffnot shown) and total phosphoiipids (r=0 34, p<o ooa) correlated with".f-t,;-f,,},"

y S
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" Table:17. Regﬁessioh Equations Representihg the Relationshib Between Liver
Mitochendrial Membrane Phospholipid Fatty Acid Levels and Cﬂrn1t1ne,

Palmitoylcarnitine Translocase Function B ‘ N e
;Ugyggéﬁon ; Fatty Acid - Linear: roo pct
L ‘ (¥ phospholipid - '~ Regression =~
“total fatty'acjds) ., 'Bquation el
Activity - 18:0 (phosphatidy]- : B C n
-at 4 nmol, o ‘ " cho]ine) y= 9.50x- 77.7. 0.41 0.002

Substrate .
o 18:1w? (card1ol1p1n) y
{(fb Lo

13.3'x- 12:2 0.31° 0.02 - -
18:2u6 (phospha- | S
.~ tidylcholine) y=-24.0 x+404 ' -0.53  0.0005
20:4u6 (phospha- . R

‘ ‘ tldy]chollne) y

8.47x- 42.5  0.36 '0.006

s T
H

Velocity? 18 107 (cardiolipin) y= 3.51x+ 30.7  0.46  0.0005

18:2u6 (phospha-‘g R R P
L tidylcho11ne)_ y=- 5.32x+ 9302 .'-0.47 0.0Q94

‘;20 2,6 (phospha- -
' tidy]choline)

«<
n

1.90x% 7.07  0.30 0.02

1.
r, regresslon corre]ation coeff1c1ent.
3p<, significance of correlation. T '
Values are given for linear regression over a]l diet treatment groups
" between" Yy carnitine palmitoylcarnitine trans1ocase activity at 4
. nmol substrate- (pmol/min./mg prot.) versus x, liver mitochondrial
- membrane phospholipid fatty acid levels, (1 phospho11p1q total fatty
4ac1ds), n=48. o
Values are g1ven for linear regression over a]l diet treatment groups
. between 'y, carnitine palmitoy1carn1t1ne translocase velo;jty o
(pmo]/min /mg. prot /nmol . palmitoylcarnitine) determined from-
activjty versus palmitoylcarnitine substrate concentration plots «
.. -Versus. Xy Tiver mitochondrial :membrane. phospholipid fatty acid
o leve]s (% phospho1ipid total fatty acids), n=48. LT SR
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Table 18 Regression Equations Representing the Re]ationship Between Liver o

" Mitochondrial Membrane Phospholipid Fatty Acid Levels .on Carnitine o
‘vPalmitoyltransferase 1 Function , .

-

‘1 L 2 .

Function‘, Fatty Acid . i‘ a Linear‘ . - p<
e (1 phospho]ipid - Regression .~ :
‘°'tota1 fatty acids) ~ tquation
CActivity 18:0 (phospha- i ST e ‘ B
at 40 amol - tidy]ethanoiamine)' y=-12.8 x+997 - ' -0.32 ' 0.01
. Substrate ‘ .
. Tota] MUFA (phos- . s R R
L | phatidylcho]ine) y= 22.2 x+378 ~ 0.35° 0.008 °
KmS‘_fu. | ‘16 :0 (phospha-_ S | 5 ‘ |
_ tidylcho]ine) y=- 6.05x+203 -0.33 . 0.009
L Total MUFA (total - o o
& ‘ phosphoPipids) y=-10.4x4220 * ° -0.35 0.006
Total pupA® IR
(cardioiipin), y= 2.89x- 94.0 . .0.34 . 0.008
P/t (total . e .
phospho]ipidS)» y=117 x- 48.7 . . 032 0.01 .  upo

1

lr, regression correlation coefficient.
" abp<s significance of correiation. T ‘ :
“Values are given for: linear regréssion over an diet treatment qroups .
- between 'y, carnitine pa]mitoyitransferase 1 activity at 40 nmol’
" substrate. (pmol/min. /mg. prot.) versus x, liver mitochondrial, membrane
E phggpholipid fatty acid levels (1 phospholipid total fatty ac:ds), .
n= [ AR : .
’4Abbreviations used MUFA totai monounsaturated fatty acids, C
. PUFA“=_total’ polyunsaturated fatty acids P/S polyunsaturated to
Ssaturated fatty acid ratio. .. . '
Values are given for:linear regression over all diet treatment groups
“‘between:y; carnitine’ paimitoyitransferase 1 Km (uM) determined from:

Eadie-Hofstee plots versus: x, 1iver: mitochondrial membrane phospho-" ;“-=‘”'j‘;

iipid fatty aci‘

levels (% phosphoiipid tota] fatty acids), -48. )
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‘Flgure 3 Regression Line Representing the Relationsh‘lp Between

Hepatic '‘Mitochondrial Membrane Phosphatidylcholine 18:0 Levels °

~and Carnitine Palmitoylcarn’itine Translocase Activity at 4. nmol
Substrate Concentration.
dietary treatment. group ‘were used . to construct the regression
Tine y= 9.50x-77.7 r-0 41 p<0 002 n-48) .
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Data from.individual animais from. each B
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1ncnea$1ng carnitine palmitoylcarnitine tmanslocase activity at 4 ‘amol
substrate concentration (table 17). Decreasing phosphatidylcholine
. \ . ' .

18:2u6 levels correlated with increasing carnitine‘palmiioylcarnitine

‘translocase activity at 4 nmol . substrate concentration (r=-0.53,

p<0. 0005 figure 4). Decreasing 18 206 leyels of phosphatidylcholine ‘
(r= 0. 47 © p<0.0004) and phosphatidylethanolamine (r=- 0. 31,, p<0.02,

reSults not shbwn) correlated  with 1ncreasing :carnitine' ‘
(¢ ! .

palmitoy]carnitine translocase velocity. Increasing 20:4. 6 levels of

phosphatidylcholine ‘/ _correlated witn 'increasingm carnitine
palmitoylcarnitine ‘translocase “activify  at 4 nmol  substrate
concentratfdn (r;0i36 Ap<0 006, figure 5) and 1increasing “carnitine
palmitoy]carnitine translocase velocity (r=0.30, p<0 02) ‘ incréasing
18:1w 7 levels of cardiolipin correlated with 1ncreasing carnftine '

palmitoylcarnitine translocase activity at " 4 nmol substrate

: congentration‘ (r=0.31, p<0, 02 figure 6) and 1ncreas3ng' carnitine

palmitoy]carnitine translocase velocity (r-O 46 p<0 0005) Increasing
18: 1w7 Tevels of iembrane total phosphoHpid also'corre]ated with~
1ncreasing carnitine pa]mitoylcarnitine trans]ocase veloczty (r=0.41,

p<0.002, resuTts.not shown). k

(b) Carnitine Pa]mitoyl nsferase-1 : o
5 ‘ o

Increasing ‘mitochondrial :membrané 18 1 w9 levels ofv

[)

phosphatidylcholine (r=0 32, p<0 01, results not shown) and 1ncreasing

- total monounsaturated fatty acids Ievels of phosphatidylcholine

(r-O 35» | p<0 008) .correlated with’ increasing ‘carnitine

pa!mitoyltransferase-l activity at 40 nmol sdbstrate‘:conceniration .
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Figure 4. Regressjon Line Representing the Relationship Between
Hepatic Mitochondrial Membrane Phosphatidylcholine 18:2w6 Levels
and Carnitine Palmitoylcarnitine Translocase Activity at 4 nmol
Substrate Concentration. Data from individual animals from each

dietary treatment group were used to construct the regression
Tine y= -24.0x+404 (r=-0.53, p<0.0005, n=48).
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Hepatic Mitochondrial Membrane Phosphatidylicholine 20:4w6 Levels
and Carnitine Palmitoylcarnitine Translocase Activity at 4 nmol

Substrate' Conicentration.
- dietary treatment .

roup were used ‘to const
line y= 8.47x-42.5 (r=0.36, p<0.006, n=48).
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ruct the regression
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‘:(table 18).. Increaslng 18: 1u)9 (r=-0. 28, p<0.03), 18 lu7 (r=-0. 24,
p<0.05), 16:1 (r=-0 29, p<0. 02) and total monounsaturated fatty acid
(x=-0. 27 p<0. 03) levels of phosphatidylchollne correlated with
decreasing carnitine palmitoyltransferase 1 Km (results not shown)
Increaslng‘18:lm9 (r=-0.26, p<0 04), 18 1w 7 (r=-0 23, p<0. 05); 16 1
(r=-0.34,. p<0.009)' and total’ monounsaturated fatty acid (r=-O 26,

/4

.p<0.03)‘ levels: of cardiolipin correlated with deereasing carnitine

- palmitoyltransferase-1 Km (results not shown). Increasing 18:1u 9
(r=-0.36, p<0.01), 18:17 (r=-0.31, p<0.01), and total monounsaturated
fatty acid (r=-0.35, p<0.006,‘figure 7)'levels‘of total phospholipid

correlated ~with . decreasing _ carnitine palmitoyltransferase-1 Km.

Increasing 16:1 (r=-0.32, *p<0.01) Tlevels of 'phosphatldylethanolanine_‘

also " correlated with decreasing carnitine palmitoyltransferase-1 Km
‘ .‘(results not«l shown) Increasing‘.a 18:0 levels  of

phosphatidylethanolamine ‘correlated'u with  decreasing carnitine

| palmitoyltransferasejl actiultyv at 40‘ amol substrate concentration y

(r=70.32, .p<0.01)..‘ Increas1ng 16: 0 levels of phosphatidylcholine
ﬂ(r=40 33 .. p<0. 009 ﬁdgurea 8),‘ phosphatidylethanolam1ne (r=-0 28,

v

'p<0.03,_ results not ‘shown) and cardlolipln (r=-0 37, p<o. 005), results

;not shown) correlated with decreasing carnltine palmitoyltransferase 1

‘Km., Increasing total saturated fatty acid levels of cardiolip1n~

e

.correlated wlth decreasing carnltine : palmitoyltransferase-l ‘ Km

’~(r=-0 30 p<0 02, results not shown) Increasing 18 aus content ofg' o
”{phosphatIdylchollne (r=0 32 p<0 01) and cardiolipln (r=0 31, p<o oz),;- o

‘ ‘5fact1v1ty (results not shown) Increasing total polyunSaturated mG’; |

"

F':,:correlated with 1ncreaslng carnitine palmitoyltransferase 1 (40 nmol)zr"
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~Figure 7.
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* Hepatic Mitochondrial/Membrane Total Phospholiptd Total Monoun-'
-saturated Fatty Acid Levels and Carnitine Palmitoyltransferase 1

- Km,
~ animals was determined- from Eadie-Hofstee plots.

‘The Km .of carnitine palmitoyltransferase-l for - individual

Regression Line Representing the Relationship Between*

‘Data- from

" individual "animdls’ from each dietary: treatment group were used‘;u

to
-p<0 006 n—48)

construct “the regression line y-' -10 4x+220 Cr--o 35,

. -~ R
' . " «



~ Carnitine Palmitoyltransferase—1

: f_ F“igure 8 Regression Line Representing the Re]ationship Between R
“-Hepatic Mitochondrial Membrane Phosphatidylcholine 16:0 Levels

.76 o

. 16 0.
(7 Tofcl Foﬁy Acnds m Phosphchdylcholme, yv/w)

) ,1'34‘;1 ‘{1'5\}' L 17.“ 19 21 R .72.3‘ o

‘and Carnitine Pa]mitoyltransferasel Km. —The Km of carnitine .
‘palmitoyltransferase-l for  individual: animals was' determined .

- from Eadie-Hofstee plots. ~Data. from individual -animals ~ from . ";.': :
S each . dietary” treatment group were - .used" to construct the-,.'-
o z‘:‘.j-regression Hne y-‘-6 05x+203 (l"'-'-0 33 P<° 009 ""‘48)’ o .
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o

fatty acid levels of phosphatldylcholine (réo 38, p<0 004);fn“‘

phosphatrdylethanolamine (r—O 25 p<0 04),‘ and cardiollpin (r-0 35 .

lp<0 008) correlated with 1ncreaslng carnltlne palmltoyltransferaSéél Km ff"

(results notsshown) Increasing total polyunsaturated m3‘and w5 fatty”

acid levels of phosphat1dylcholine (r-O 31 p<0 01, results not shown),

‘phosphatidylethanolamine (r 0 29 p<0 02 results not shown).»; d“l

"cardiolipin (r 0 34 p<0 008 figure 9), correlated with 1ncreasing

. carn1t1ne palm1toyltransferase-l Km. Increasinq polyunsaturated to

' 5saturated fatty acld ratlos of phosphatidylcholine (r-O 34 ///b 009 :

“_results not shown), phosphatidylethanolamine (r=0. 28 p<0. 02, results

not shown), cardlollpin (r=0.33, p<0 01, results not shown), and total‘ ‘ f ‘

'phospholipids , (r;0.32, ; p<0.01)-"also correlated “with increasing
carnitine palnitoy]transferaseel Km. o |
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"."'.'-_._,membrane unsaturated fatty acid containing phospho]ipids, such as

. DISCUSSION

Previoo’s studies, such .as those examining ATPases (4, 5 6 ),“ |

adenylate cyclase (6 7), and tr&porter enzymes °(8 11) . have»,iv o
' demonstrated thqt membrane f]uidity, a]tered by changing ’ phospholipid”

fatty acid unsaturation levels, affected mgmbrane protef ftmction. .

Pre&}ous studies have d&mnstrated that a]terations in membrane Hpid -

T-_'composition by dietary fat were also a,ssociated with altered membrane

- protein’ function (8 9 12 15) Th'xperiment presented in this thesis
“lextends current knowledge by examining the hypoths that changes in‘

' 'dTetary fatty acid composition aiter Hver mitochondrial membrane
'.composition and af-fects_ carn,itinev dependent ’fatty acid transport, into

‘liver mitochondria.

L - R

>

e - EFFECT OF DIET. TREATMENT ON- LIVER MITOCHONDRIAL  MEMBRANE
’ff;PHOSPHOLIPID CONTENT ,?f‘ AR o

Fat content (15‘) and fatty ac1d composition of diet (33,34) haveu‘

'-“;preVTously been shown to a]ter membrane phospholipid distribution. \In, o
‘the present study, it was hypothesized that increasing dietary‘ S

f.unsaturated fatty acid levels would increase major Hver mitochondriai,]-}ﬁ_l {

ardiolipin. ‘ Results of the present study were consistent with this’fv’.‘."f'*"i“‘-

In this regard mitochondrial membrane cardiolipin 1evels

q'increased in rats fed.bhigh:‘ fat diets (table 3)» | Mi_toc "6ndria1 membrane




80 L

"‘acids and was compriseqbof greater than 911 unsaturated fatty acids.,

'Because high fat diets contained proportionately more unsaturated fatty;~“

acids than did Tow fat diets and because cardioiipin contained the_ |

‘ highest proportion of unsaturated fatty acids, increases in . membrane”

"preferentiai incorporation of dietary unsaturated fatty acids into

"tﬁcardiolipin ]eve]s in rats fed: high fat diets may have been due to;>;

S |
'*‘cardiolipin phospho]ipids. Cardiolipin comprises greater than 461 of

. membrane totai acidic phospholipids._ In this regard, increasing

.f'membrane cardio]ipin levels in. rats fed high fat diets were likely
‘vresponsible for increases observed in mitochondria] membrane total

. acidic phosphoiipid levels’ in rats fed high fat dists. *

‘if Increases in indiViduai neutrai phhspholipid (phosphatidy]choline,y,

;;phOSphatidyiethanoiamine,‘ and sphingomye]in) levels (ug/mg protein),

‘ ffalthough not signifiCant were observed in/ hepatic mitochondrial

5membranes of rats fed high fat diets.' Significant decreases in total?

,of'rats fed:high fat diets.

'7Kxneutral phospho]ipid 1evels (1 total phosphoiipids) were observed in;

-

\ a‘mitochondriai membranes of rats fed high fat diets compared to rats fed ’[[;;f
"'ibflow fat diets (tabie 4) This was due to greater increases in acidictdf_fyff

) SO L RN
‘;ng,phOSphoiipid levels (1 totai phospholipids) than jin’f neutra]nggﬁ;;E

. **Phospholipid ieVels (1 total phospholipids) in mitochondrial membranesf7fu: :



< Mitochondria] A!Ebrane total phospholipid levels were not significant]y |

'altered by éither dietary fat levels or dietary fatty acid composition.g-{r“ :

This, may have been due to variation of approximately 15 to 231 in total

| phospholipid leveis determined within each diet group. Dietary.“‘

-polyunsaturated to saturated fatty acid ratio did ‘not . significantiy'” ‘

alter mitochondrial membrane phospholipid distribution.‘f But a trend

\

itowards hiqher mitochondriai membrane 1evels of al] phospholipids.xl

except cardiolipin whose levei decreased,‘were observed in- rats fed\,-r‘f

: diets w1th Tow polyunsaturated to saturated fatty acid ratios.

Robb]ee and C]andinin (15) fed rats diets providinq L1y, 4 or 151 of

' ‘jrﬁ,calories as fat,. but w1th poiyunsaturated tg unsaturated fatty acid‘r‘

‘\‘phosphatidyicﬁoiine significantiy increased in cardiac mitochondriai

ratios. of 0. 25 or 2.0, ey “found both _cardiolipin ”Nand L

"7“u membranes “in rats. fed high fat" diets. Robblee and C]andinin (15) a]5°r

é&ound that dietary poiyunsaturated to saturated fatty acid ratio had no‘ v-“‘

signhficant effects on membrane phospholipid distribution. ‘ FeedinQ‘f""

kb

:‘, O
r ko LI

such as 0 25 versus 3 0, or 1onger duration of feeding, may have{i“7~v

diets more extreme in poiyunsaturated to saturated fatty acid\ratios,r

ﬂproduced more significant differences in mitochondriai ‘membrane;".ﬁ

ephospho]ipid distribution. N
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ERE Results_

studies also demonstrated that dieta.y fat levels (15) and fatty acid

82 -

composition (14 15, 36 37 38) alter membrane phospholipid fatty acwd;

composition. In the present study, it was hypothesized that increasing

dietary unsaturated fatty acid " content ’ would increase liver

mitochondrial membrane phospholipid levels of unsaturated fatty acids.

" this, regard total polyunsaturated w3 ‘and (»6 fatty acid content in

”f the present study were consistent with this hypothesis.‘ In.

\ liver mitochondrial membrane phospholipids were increased by feeding: C

h rats diets of 1ncreasing fat and polyunsaturated fatty ac1d content. o

: chain length (40) This. may - be interpreted to imply that flu1d1ty;of o

‘ mitochondrial membranes are : increased \asv membrane > phospholipid'f

Y lotal»polyun‘aturated‘w3 andrmﬁ fatty acid"

¢

Rats, being h0meotherms, are obliged to maintain a narrow range of .

temperature dependent fluidity in their mEmbranes for optimal membrane .

»
protein function (39) Fluidity lS partially modulated by fatty aczd

omposition of the nmmbrane.“ Transitiom&tgmperatures and enthalpy

changes are lower for phospholipids containing unsaturated fatty ac1d5‘

o than for phospholipids containing saturated fatty atids of the same

'

unsaturated fatty acid content 1s increased In the present study,"

@ SRR
total saturated fatty acid Levels mitochondrial membrane.‘

phospholipids were slightly decreased by high dietary fat levels and byffl;‘iﬁj

high,d“tary polyunsaturated to saturated fatty acid levels (table 12)‘vfg

fontent\of membranej
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,(/m1tochondr1al membrane phosp/olipids Were observed 1n rats fed dlets of“q
' “:hlgh fat content or of high polyunsaturated to saturated fatty acid“'

‘ratios (tables 5 to 11)/ I ﬁ:‘ "‘ ey

N [

M]tochondr1al/membrane total phospholipid leVels were not{
n51gnificantly d1fferent between dietary treatment groups, (table 3)

Tbtal unsaturated fatty ‘acid . content lof_ phospholipids remalned

relat1vely constant (table 12). = Therefore, observed 1ncreases in

. mltochondr1al membrane phosphollpid total polyunsaturated 3 and | ”67
fatty ac1d levels without chang??g phospholipld totat: unsaturated fatty“fmb.

s ac1d levels were achieved by observed -decreases in phospholipld totald

‘ monounsaturated fatty ac1d levels. This dbserved pattern of fatty acidr
‘man1pulatlon by dlet was l1kely brought about by . homeovlscous L
‘f'adaptation.‘ Homeov1scous adaptatlon is the actlon taken by-an organlsma‘f

to ma1nta1n constant membrane l1p1d fluid1ty (39)

D1ets more extreme in fat cortent and polyunsaturated fatty acidv“\;

Py

[levels, such as polyunsaturated to saturated fatty acid ratlos of 0. 25'f

and 3.0 or longer duration of feeding, might have produced more_

.

s1gn1f1cant d1fferences 1n m1tochondr1al membrane phospholipld fatty ’

N " N ‘ ' . y H , ¥

.-acid composition. ,?"”];, _.}'f:f,>-"J& r y_‘; ﬁ,‘; {”:{jtr'd%.; ;
S IIL; EFFECT OF DIET 0N HEPATIC CARNITINE PALMITOYLCARNITINE e

o ‘VTRANSLOCASE‘.AND CARNIU_HE PALMITOYLTR(lNSFERASE -1 Funcnons

w"Alteratlons 1n membrane protein func%i R

t,,.




compositfon affects carnit{ne dependent fétty acid transport into liver
mitochondria was examined by observing the effect of increasing dietqry
fat levels apd polyunsaturated ‘fatty acid ratios on_ carﬁit1n¢
palmitoylcarnitine translocase (téble 135 and carnitine palmitoy!-

transferase-1 functions (table 14).

(a) Carnitine Palmitoylcarnitine Translocase ‘ ™
-

Effects of dietary fat levei and dietary pol&unsaturatgd to
saturafed fatty acid ratfo appeared to' produce inconsistencies 1in
‘ carnitine qumitoyf‘drnitine translocase functions (table 13). Mo
" significant effect of diet on carpitine paTmitoy]cq;nitinéhgrans]ocase
activity was'demonstrated by repeated measures of analysis of variance,
High  dietary fat levels significantly increased carnitine
palmitoyléarnitine t}anélocase‘ activity at 4 nmol substrate
concentratjon and no significaﬁt effect of diet on carnitine
palmitOylcgrnitine translocase velacity was observed. Transloéage
velocity was determined as the slope of linear regression lines fitted

4

to plots of .carnitine palmitoylcarnitine translocase activity versus
'substrate concéntration. _Activity of carnitine p;lmﬂtoylcarnitine‘
translocase did not always incregse linearTy withlincreasing substrate
toncentration. Slopes of regression lines were non-uniformly lowered
by leveling off of carﬁZtine‘palmitoylcafpitine translocase activity ét~
‘higher substrate concentrations.  .Therefore, slopes of the linear
.regressidn line. did not'always accurately represent the true velocity
of " carnitine pa]mitoylcarnitihe ranslgcase.‘ This may explain why
significant differences. in cérn tine palmitoylcarnifine translocase

)

i



ﬁctivity‘ at 4 nmo]_ substrate cgn;entration but no .significant
differences in carnitine palmitoy]carnifine trahslocase veTacities were -
observed in rats.fed high fat diefs. Measured parameters\of carnitine
malmitoylcarnitine £ranslocase fuﬁction demonstrated a trend _towards
increasing .activity 1in rats fed high fat with low polyunsaturated to
saturated‘fatty acid ratio diets. High within group variation due to

experimental design 1likely prevented all observed differences from

being significant. I
. : »

’

(b) Carn{tine Palmitoyltransferase-1
Observed éffgcts of dietary fat on carnitine pa]mito}]trans-
ferase-1 functions were also inconsistent. Repeated measures of .
analysis of variance demonstrated a signjficant 1ncrease'1n.;agniting‘
palmitoyltransferase-1 activity in rats fed high fat .djets. . But, —_
dietary fat level | had no significant effects on carnitine
palmitoyltransferase-1 activity at 40 nmol substrate. concentration.
Carnftine palmitoyltransferase-1 activity at 40 ‘nmol .substrat

v \ .
concentration in rats fed low fat, low polyunsaturated to saturated

fatty acid ratio diets were higher than would have been predictéd based
on patterns of carnitine palmit&yltransferase-l ‘activity determined
from repeated measures ana]ysiéiof.variance. The reasons for this were
not clear. Low dietary polyunsatqrated‘to saturated fatty/acid ratios
significantly increased carnitjne'palmitoyltransf;;ase-l activity\gt 40
 nmo1‘ substrate' concentration. But, dietary polydnsaturate&?.to

saturated fatty acid ratios had no significant effe&t 6n ‘total”

carnitiqe palmitoy]transferése;l' activity demonstrated by repeated
. . LS.
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measures of analysis . of variance. : Total c&rnitine

86

palmitoy]transferase-l activity demonstrated a trend towards 1ncreasiﬁgi

"actlvity with decreasing d1etary spolyunsaturated to saturated fatty

acid ratios, but high within ngup varfation due .to experimental desiqnw

may have prevented a significant difference from betng demonstrated.
Results of the preseﬂt study*démonstrated that dietany fat lével-and
fatty .acid combositjon significantly altered carnitine pa]m1toyltran§-
ferase-1 activity. The Km of carnitine eaTmftoy]tfansferaseQI'was not
significantly altered by dietary fat levels or fatty acid composition,
therefore, increases in activity observed may be due to 1ncreas§§ Jy

, | S

the number of active carnitine palmitoyltransferase-1 molecu]esbrqther

—than actual 1increases 1in carnitine: palmitgyltransferase-l activity.

Further research is required in this area.
. . <

Upon ﬁafgﬁnation' of . the present /data of carnitine
pa]m1toylcarnitiﬂgﬂﬁ%ranslocase and carnitine palmitoyltransferase-1
function, trends consistent with signif1cant data are apparent (tables

11 .and 12). ‘ High . fat diets generally 1ncreased carnitine
- ‘ .

*

palmitoylcarnitine translocase and carnitine palmitoyltransferase-1

activity, and high dietary 901YUnsaturat?d to saturated fatty acid -

i
f

r;tios generally decreased carnitine paTmitoylcarnit1ng_£ranslocase and

carnftine palmitoyltransferase-1 activity levels. The significance and

implications of these observations are addressed .in the general

- discussion section. Diets ‘more. extreme in fat content and fatty acid

composition, such as bolyunsaturated~¢o saturated fatty acid ratidémof

0.25 and 37, orhionger duration of feeding may hav@ pboducéd more -

”

A
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significant differences in carnitinev palmitoyltransferase-l and

camitine palmitoylcarnitine translocase functions between diet groups.

]
A

v . \ ) N

IV. RELATIONSHIP BETWEEN LIVER MITOCHONDRIAL MEMBRANE ::PHOSPHOLIPID

DISTRIBUTION AND CARNITINE PALMITOYLCARNITINE TRANSLOCASE AND CARNITINE
—PAtMITOYLTRANSFERASE 1 FUNCTIONS
In the present study, 1t was hypqthesized that increasing’ levels of

unsaturated fatty acid containing lTiver mitochondria) membrane

phospholipids, “such . as cardiolipin: wou]d increase *'carnitine

4

palmitoylcarnitine translocase and carnit1ne pa1m1toy1transferase 1
functions. In this regard it was determined if re1at1onsh1ps existed
between hitochondria1 membrane phospholipid , levels and . carnitine

palmitoylcarnitine translocase (table 15)k or carnitine

palmitoyltransferase-1’ activity (table 16). Results of the present

study were consjstent with this hypothesis.
7 AT - 4

(a) Carnitine Palmitoylcarnitine Translocase

Increasing carnitine acylcarnitine translocase activity due to :

increasing membrane incorporation of cardiolipin has been demonstrated.

for reconstituted carnitine acylcarnitine translocase enzyme ‘(20).
Results of the present’study also demonstrate that 1n¢reasing‘liuer
mitochondrial ’ membrane cardiolipin levels correlates with _ both

increasing carnitine palmitoylcarnitine trans]ocase activity at 4 nmol

substrate concentration and carnitine palmitoylcarnitine translocase .

‘velocity (table 15) Cardiolipin levels might therefore, function in

_vivo to modulate carnitine pa]mitoylcarnitine trans]ocase activity.‘

AR
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Results obtained. also suggest that of all acidic phospholipids,
‘ BN '
cardiolifin “exhibited the strongest association with carnitine
__palmitoyl arnitjne translocase actdvityf |
Noel et al KZI) found that carnitine aci}%arnitine translocase
reconstituted in Ti{pid vesicles required addition of aso]ectin (667
phospholipid) for adequate activity. Asolectin 15 soyabean‘lecjthin
which ‘isy . composed primarily of phosphatidylcholine. i
Phosphatidylethano]amine is .the usual contaﬁjnant. ‘ 'lncreasing
carnitine palm1toy1carn1t1ne translocase activity with {ncreasing

’

aso]ectln incorgggat1on -into reconsRituted membranes supports the
present observat]on that 1ncreasing ( mitdchondrial membrane
phosphat1dy1chol1ne and phosphatidylethanolamine levels correlated\with
increa inq carpitine ‘palmitoylcarnitine translocase velocity . and
eactiv;iy at 4unmol substrateuconcentration {table 15). éecause{
phosphat1dylcho]1ne and phosphatidylethanolamine comprised\the majorit&
of membrane total neutral phospholipfds, 1ncreases observed in the
-velocity of carnitine palhitoylcarnitineﬁtranslocase with increasing
® total neutral phosphblibid léve]s.would be expectedr . j:‘ .
| It was observed that as mitochondria] membrane. neutral to acidic
phosnhoiipid ratios "increased carnitine pa]mttoylcarnitine translocaée‘hA_'

[

velocity and activity at 4 nmol substrate concentration decreased. If "ﬁ% :
neutral phospholipids exhibited a greater effect .on cqrnitine t"*‘
pa]mitoylcarnitine translocase velocity and activity at e nmoi .
substrate concentration than cardiolipin 1eve1s, then total neutra1 to\
tdtal acidic phospholipid ratios -would" have 1ncreased as carnitine S*
palmitoylcarnitine trans1ocase velocity and activity at 4 nmol

substrate concentration increased. This suggested that mitochondrial
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;;:g\“/membfﬁne‘ca:d;oTTﬁ1n levels had ‘a greater assoc1at10n with carnitine o
palndtoylcarnftine translocase‘ velocity and activity at 4 nmol(
substrate" concentration than mitochondrial membrane ' neutral
phospholipid levels. Levels of cardiolipin may bave had the strongest :
‘assoc1at10n with carnitine palmitoylcarnitine translocase activity.
| | Increasing carnitine palmitoylcarnitine fragslocase velocity
correlated with increasing mitochondrial membraneﬂrtotal acidic and
"total'neutraltphosph011p1d leve]s. Acidic phospholipids comprised 447 '
of mitochondrial membrane phospho]ipids while neutral phospholipids
comprised the . remaining 567 . It is therefore, not surprising _that
increasing carnitine palmitoylcarnitine /%ranslocase velocity gé]so“
correlated with increasing membrane total phosp 1p1d Nevels.
Although membrane 'totél phospholipid Tevels were. nj:ﬂ'significantly'
different between dietary treatments.v high within dietary treatment -
., group variation made 1t possible to construct scatterplots of membrane

total. phospho]ipid levels versus carnitine palmitoy]carnitine

translocase velocity and activity at 4 nmol substrate-concentration. « -

‘U

(b) Carnitine Palm*toyltransferase 1 .i | ‘ o A
' Increasing carnitine pa]mitoiT“ransferase 1 activity with

rincreasing nﬁtochondrial membrane cardio]ipin level has: previous]y been

demonstrated for . reconstituted carq%tjne palmitoyltransferase 1 o
' -

(16 17). In the present study, 1t was observed that both carnitine

palmitoyltransferase-l acttuity at a substrate concentration of 40 nmol
‘and  the ‘ for carnitine’ palmitoyltransferase-b? increased 'as:. ‘éﬁ

" mitochoﬁér;;;vmembrane cardioIipin Ievels 1ncreased (table 16)

1

. N
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‘Theftotal ievel*of'phosphoiipids q}tQ\Single net negative charges

on their +head qroups (phosphatidy]inositoi phosphatigyiserine and

- 90

phosphatidylglycerol) had :no' significant B ffect 'oh carnitine .

paimitoyitransferase 1 activity at 40 nmoi substrate ‘concentration.
Increasing total mitochondriai membrane ievels of phosphatidylinositoi
phosphatidyiserine and phosphatidyigiyceroi correihted with decreasing
Km for carnitine palmitoyitransferase 1 It is not clear from this
experiment whether or not iiven mitochondriai membrane phosphoiipids

w1th a singie net negative charge on their head group affected

)

carnitine pa]mitoyitransferase 1 activity. .lncreasing Km of carnitine '

pa]mitoyitransferase 1, correlated with increasing ratios of membrane

tota] neutral to  total  levels . of phosphatidy]inosito]

-

phoSphatidyiserine and phosphatidyigiyceroi. Therefore decreases in -

T

carnitine pa]mitoyitransferase-l Km due to increased .iev_tgis of membrane ,

phospholipids with single net negative ‘charges‘.may be3\moduiated by

increasifg membrane ' total neutral phospholipid levels. ;, Results

/ . , - ' :

, obtained were inconclusive and further research is required in this
area. _

WOidegiorgis“et.ai (16) and Pande et al (17) found'a significant

" increase in reconstituted carnitine paimitoyitransferase 1 activity

t upon addition of phosphatidylchoiine to lipid vesicles. The present.~

‘ study : ‘demonstrated ‘ that N increasing' mitochondriai HEmbrane

phosphatidyichoiine, phosphatidylethanolamine and- neutrai phosphoiipid*

ievels correiated with increasing carnitine paimitoyltransferase-lfv

activity at 40 nmol substrate concéhtration ‘and Km' (table 16).

Sire et al found D-gaiactoseamine treatment (18). which decreasedv
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substrate concentration, liver mitochondrial membrane cardioltpi

levels  likely had‘k the strongest . influence «\on. carnitine

' phospholipid level . relationship with ‘car itine palmitoyltransferase—l\ o

- . '\ “ Co 91
/‘ . '. i v . v

. £ - ‘ ‘ L . o - “
membrane total phospholipid levels, also decreisedV//carnitine
palmitoyltransferase 1 activity, ‘and that ‘Clofibrate treatment (19),

i

“which increased membrane total phospholipid levels, also increased

[N

carnitine palmitoyltransferase 1 activity. These observations support

the present finding that carnitine palmitoyitransferase 1 activity at ‘

40 nmol’ subgtrate concentration increased _as mitochondrial membrane' o

total phospholipid levels increased (table 16) increasing carndtine

‘palmitoyltransferase 1 activity at 40 nmol substrate concentration with"

increasing mitochondrial membrane total phospholipid levels ; were .

likely attributable to increasing mitochondrial membrane total aCIdlC-l'
] \

and total neutral phospholipid content. ‘ Because cardiolipin levels

affected both carnitine palmitoyltranslocase Km and activity at O

—

palmitoyltransferase 1 activity than any other individual mitochondrial

'membrane phospholipid. Although )significant relationships between

ﬁmembrane phospholipid levels and carnitine palmitoyltransferése 1,

activity existed correlations observed were very weak More research‘

is required in this ‘area to determine the extent _of - membrane‘

LI

Lo~ S L o

Aactivity. , I L - ‘-, Rt _;f

\

v. RELATIONSHIP BETNEEN LIVER MITOCHONDRIAL MEMBRANE PHOSPHOLIRI.D;
;ZVFATTY ACTD conposmon AND ‘CARNITINE PALMITOYLCARNITINE TRANSLOCASE7AND- L
j'cmzmrms PALMI“TOYLTRANSFERASE-J-—FUNCTIONS S SR |

-that increasing‘liver,{

o

In the present study, it was hypothesiz

. \ '
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mitochondrial membrane phospholipid total polyunsaturated fatty acid

content would increase carnitine palmitoylcarnitine translocase and'

carnitine palmitoyltransferasel function. In this regard .iti was

determined whether or not relationships existed between levels . of

X

M}

mitochondrial membraﬁe phospholipid fatty ac1ds and . activity' ‘\‘3??

A

carnitine palmitoylcarnitine tcahslocase (table 17) or_ carnitine

. pal_mitoyltransferase 1 (table 18) Results of. the present study were,

%istent w1th the hypothesis. v

TR

l 7 ‘ -
z‘\‘ o . o )
(a) Carnitine Palmito_ylcarnitine Traglocase R

Levels of 18:0, 18: 1w7 18: zusg‘and 20:8u6 in mitogmondrial“ 3;
membrane phospholipids correlated with hepatic mitochondria} carnitine“
palmitoylcarnitine translocase function (table 17) Inéreasino 18: 0 K
levels in phosphatidylcholine, phosphatidylethanolamine, “and -
phosphatidylinositol correlated with increasinq cqrnitine palmitoyl- ;
carmtine iranslocase activ1ty at 4 nmol ‘§ubstrate concentration and
increasing carnitihe palmitoylcarniti,ne ‘.translocase\ R ve"l'oci-ty.'-

.

'In'creasinq . phosphatidylcholine, ‘ phosphatidylethenolamine, 1‘ and

' phosphatidylfnosnol levels also eorrelat?‘_wit,h_ increasing ‘vel_ocity"of ;

. carnitine palmitoylcarnitine translo ase. }It ‘,is not clear ‘from - these .

. results “ whether mitochondrial membr’ane bhosphatidylcholine,; |

o e

phosphatidylethanolamine, and phosphatidyli-nositol levels had a greater

influence on carnitine palmitoylcarnitine translocase function than did o

18}'0 levels of phosphatidylcholine, phosphatidylethanolamine, _,a‘nd"-"""

phosphatidylinosito.l or whether 18 0 levels of phosphatidylcholine,.
phosphatidylethano}amine, f and- pho}sphatidy_li._nositol’rv«;had_" ,}great.e_r.

o
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influence on carnitine palmitoylcarnitine translocase function than
xphosphatidyicholine, phosphatidyiethanoiamine, or phosphatidy]inositoi
‘ievels., More research is require 1A this area.

‘g, A significant proportion (1 41,,w/w) of liver mitochondriai
mémbrane cardiolipin fatty acids. was comprised of 18: 1w 7. As

. : , kN .
- ‘previousiy_é discuSSed - for  18:0 Iof- mitochondrial membrane

‘:nphosphatidylchoiine, | h' - phosphatidylethanolamine, , ~ and

3‘pho$phatidylinositoi it is not clear whether the correlation between

93

718 lo7 and carnitine paimitoylcarnitine trans]ocase actiVity was due to

‘ assocﬂation of 18: 1w7 with cardioiipin or not. The gas chromatographic
: ‘ j

. analysis used to determine the fatty acid composition of membrane

{i phosphoiipids was not .designed to .specificafiy resolve 18: lua9 &

‘and

18: lw7 fatty acid féveis It s possib]e that 18:149 and 18:1u7

separations were not compiete. Therefore, the significance of the

observed correiation ‘of carnitine paimitoylcarnitine transiocase

activity with membrane phospholipid 18:1w7 levels is questionabie

- It was observed that increase§ in carnitine paimitoy]carnitine

‘translocase ve]ocity and activity at 4 nmol substrate concentration

o palmitoylcarnitine transiocase ‘velocity and actiyity -at 4 nmoi

' 'substrate concentration correiated with decreasing 18 2 m6 ]evels.

"EnZymes of fatty acid chain e]ongation and desaturation are capable of -

~\"correiated with increases in '20: 4m6 ievels and decreases in carnitine'

f,xonverting 18 2w6 to 20 4m6 (44)., Recent studies have shown that'

.'enzymes of fatty acid chain shortening and saturation may convert

r,.

| :4520 4.w6 to 18: 2<»5 (45) | Modulation of mitochondriai membrane

'”'gjfphosphoiipid 18 2m6 aﬁa‘zo 4w6 leveis might therefore, be an- in vivo |



R Qcorrelatlon resu]ts might hav

. L
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_-control mechanism of carnitine‘ paimitoylcarnitine translocase activity,

(b) Carnitine Palmitoyltransferase 1 “-\1”1 |

Both increasing Km of carnitine palmitqyltransferase 1 and _d,'
activity at 40 nmol. substrate concentration correlated with decreasing
: levels of’ saturated fatty ac1ds (table 18) Simi]ar to membrane total
:_phospho11pid 1eve]s, Km of carnitine pa]mitoyltransferase l were not
| significantly different between dietary treatment ~groups. - Because
large var1ations in Km ‘of carnitine palmitoyltransferase l were . present
within each dietary treatmentmgroup.' it was possible’ to construct
scatterp1ots of mitochondrial membrane phospholipid saturated fatty |

0

' ac1d levels' versus carnitine Ra1mitoy1transferase 1 Km.

'Contradict1ons were 'observed between the association 'of
‘m1tochondr1a1 membrane phospholipid monounsatu;ated fatty ac1ds with
carnitine palmitoyltransferase 1 activity at 40 nm01 substrate ‘
’concentration and Km. Increasing carnitf e pa]mitoyltransferase l"

‘activity at 40 nmol substrate concentration/correlated wdth 1ncreas1nqt

,phosph011p1d S total monounsaturat fatty o ac1ds - of
‘phosphat1dylethanolamine. Increasing ¢ rnitjne pa]mitoyltransferase-l
'Km correlated with decreasing phospho 1p1d total monounsaturated fatty,i‘
.ac1d | Ievels ~ ofi phosphatidylc”oline, phosphatidylethanolamine,:‘“

"_'card1olipin and membrane total ph spholipids. Because of overwhelming:y"

| ~numbers 7yan cd!sistency,

N

- of m1tochondria1 membrane 'phospholipid monounsaturated fatty_ acidﬁ”‘~"

 *bleve1s on carnitine palmi y1t¥;nsferase-1 function.‘ Furthe;,study tofaiii;f

arnitine : palmitoy1transferase-l ‘eKm;; :ddf

been more representative of theCactionfvggf:f




¢

L‘confiﬁm this assumption is required. Py o ‘

s ‘ 1 :
‘ Unlike mitochondrial membrane 18: 2@6 fatty acid level influences
*on tarnitine palmitoylcarnitine translocase velocity and activ1ty at 4

. nmo isubstrate , concentration,. increasing | mitochondrial‘ membrane

phospholipid"18~2 w6 levels correlated with increasing carnitineﬂyﬂ

9\5 .\. x

' palmitoyltransferase 1 activity at 40 nmol substrate concentration andﬂ

Km. o Increasing * mitochondrial | membrane-‘ phospholipid : total'

polyunsaturated w3 and¢u8 fatty acid levels correlated with increasing ,

‘carnitine palmitoyltransferase 1 Km. Increasing mitochondrial membrane‘f

phospholipid total saturated fatty .acid . levels correlated withAf' o

\‘

decreasing . carnitine palmitoyltransferase 1 ‘*xm, . ‘ Increasing

‘ mitochondrial membrane phospholipid polyunsaturated to saturated - fatty

acid ratio f,,also . correlated with .increasing carnitiﬂé:—

palmitoyltransferase;l--‘Km. ”ﬁﬁhe above‘ _results indicated that

‘mitochondrial membrane phospholipid polyunsaturated fatty aCld levels

—

5

_vhave a stronger association with carnitine palmitoﬁﬁtransferase 1 Km

®
than mitochondnial membran@ saturated fatty acid levels.
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CONCLUSIONS‘AND GENERAL DISCUSSION
' The carnitine fatty acid transport shutt]e‘system ]s”an"tntra-
membrane protein ’system composed of carn1tjne palmitoyltransferase-1
andhcarnitineypa]mitoyltransferase-z oeriphecal.membrane‘proteins‘and a
carnitine, palmitoylcarnitine trans]ocase integral membrane protein.
Because of carnitine ‘pa]mitoylcarnitine translocase s -intimate
association w1th membranes, its activity has the potent1a1 to be
modulated by membrane 11p1d environment. The extent of the association :
of carn1t1ne palmitoyltransferase 1 and carnjtine pa]mitoyltransferase- e
2 WTth membrane 11p1d is unknpown. It is possib]e that carnitine
palm1toyltransferase 1 and carnitine palmitoyltransferase 2 have little
~direct. physical contact with’ membrane 1ip1ds and therefore, may not be'
strongly affected by altering membrane Tipid composition.q
It was specifically hypothesized that 1ncreasing the unsaturated
fatty ac1d content of dietary fat would 1ncrease Tevels of major
ﬁnsaturated fatty ac1d containing phospholipids, such as cardio]ipin
and that the unsaturated fatty acid content of phospholipids would also“
increase. -It was also spec1fically hypothesized that 1ncreasing the
liver mitochondrial 1evels of major phospholipids, sgég as ca;diolipin,
would increase carnitine. pa]mitoy]carnitine translocase and carnitfne— ‘\'7
Apalmitoyltransferase 1 functions and that increasing unsaturated fatty
acid content of liver mitochondria] membrane &bhospholipids wou1drf
1ncrease the . activity of carnitine palmitoylcarnitine trans]ocase andff;}
;carn1tine palmitoyltransferase-l. _Except for phospholipid levels of{

18 2 wb which decreased carnitine‘ palmitoylcarnitineAftranslocasei

——

[

W
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activity, results of the present‘stﬂdy are consistent with the above
hypotheses. ‘ '
It was generally hypothesized that altering dietary fatty acid

,composition would alter liver mitochondrial membrane composition and

would affelt carnitine dependent fatty acid transport into liver‘

mitochondria. Carnitine dependent fatty acid transport is regulated by'
acitivities of carnitine palmitoylcarnitine translocase and carnitine
palmitoyltransferase-l In this regard, high fat diets were observed
to- increase cardiolipin content. of - mitochondrial membranes. Increasing
cardiolipin levels ,correlated, with increasing carnttine palmitoyl;

carnitine translocase 'and carnitine palmitoyltransferaseil activities,

which was consistent with the general hypothesis. ,Diets' with high'.

-

polyunsaturated to saturated fatty acid ratios were o_bservedT to

increase - polyunsaturated fatty acid composition of . membrane

phospholipids, but diets with Tow polyunsaturated to saturated fatty
@@

acid- ratios were observed to increase carnitine palmitoylcarnitine

- translocase and carnitine palmitoyltransferase 1 functions._This was

not: consistent with the general hypothesis.

lt was observed that increases in carnitine'palmitoylcarnitine

translocase velocity and activity' at 4 nmol substrate concentration -

correlated with increasing phospholipid 20: 4015 levele and that

: ‘decreasing carnitine palmitoylcarnitine translocase velocity \and

. activity at 4 nmol substrate concentration correlated with increasing

L

phospholipid 18 2 w 6 levels. ‘ Because mitochondrial membrane ‘

}_phospholipid levels, mitochondrial membrane phospholipid fatty acid

‘levels and carnitine palmitoylcarnitine translocase function were not

v

4
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‘determined prior to diet treatment baseline values were not obtained.

~

The dietary fat fed contained larqe amounts of 18 2w6 and. only trace

amounts of 20.4w6 therefore it is possible that liver mitochondrial,

membrane phospholipid 18 206 Tevels were elevated relative to 20 4w61

.

'levels. Increa51ng membrane phospholipid 18 &us levels relative to

20:4 w6 may explain why diets with}high polyunsaturated to saturated

R
.ratios decreased carnitine palmitoylcarnitine translocase function

Vol

compareéé to diets with low polyunsaturated to saturated fatty acid

ratios; It was - not clear why diets with low polyunsaturated to

saturated fatty ‘acid ratios produced: increased hepatic carnitine

Pa]mltoyltransferase 1 funCtlon.\ Effects of;dietahy'fat on membrane

-3comp051tion did not. support  the finding- that ‘diets. with low

’

5golyunsaturated to saturated fatty acid ratios increasing carnitine

palmitoyltransferase 1 " function. ‘ Perhaps L ' carnitine

palmitoyltransferase 1 has little direct physical contact ui\h\:embrane.

lipids, therefore, obsérved dietary effects Carnitine -

‘ palmitoyltransferase-l function may not have-‘been"due to. lver

S ‘-: .

mitochondrial membrane lipid composition. Regulation of carnitine x

*palmitoyltransferase 1 activity is very complex (1) Hormones (1 5),

~

metabolic inhibitors (6), such malonyl CoA (7, 8), and: mitochondrial‘

matrix carnitine levels (9 10, 11) have all been shown to influence‘_‘

carnitine palmitoyltransferase 1 function. 1

44
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. ‘ NUTRITIONAL IMPLICATIONS

Modulation of carnitine palmitoyltransferase 1 and carnitine
palmitoylcgrnitine translocase functions through v diet may have_'
significant biological implications. Diet treatments used in the
present study, Kere designed to reflect current american dietary fat
intakes ranging from diets with high fat and low polyunsaturated to

ljoturated fatty acid ratios to diets with low fat " and highv '

lyunsaturated to saturated fatty acid ratios. Diets fed in the

~ present study also . followed . America ‘ Academy i ofv Pediatrics‘
" recommendations (19]&&.‘ Currently the American Heart ASSOCiation

. : (1986). recommends diets low in fat (approximately 30 7) with

-polyunsaturated to saturated fatty aCid ratios of l This

\\

? recommended reduction in saturated fatty acid intake is proposed to

“redice the risk of heart disease. The American Academy of Pediatrics

Y

‘ (1976) recommends a minimum of 307 of total energy intake be supplied

as fat and 31 of total energy intake be supplied as Lgnoleic ac1d

" Totalwparenteral nutrition infusions utilizing Nutralipid“ or

Intralipid“ as fat sources An neonatal iﬁtenSive care units are.. '

composed of approximately 301 fat (on a per calorie basis) with

5 polyunsaturated to saturated fatty acid ratio of approximately 3. 0‘
“j'(12 13) Nutralipid' and Intralipid“ are composed of 501 linoleic acidf

itherefore neonates consume 157 of their total energy as linoleic aCid{~

et

Linoleic acid content of total parenteral nutrition solutions is much'.

’jgreater than linoleic acid content of human breast milk ' On average,\ ‘Lme

/

ﬁihuman milk supplies approximately 501 of total energy as fat andff

rleﬁapproximately 51 of total energy as linoleic aCid (14) Human breastrfi\




i

| R )
)‘ . N

o

i " / . N 0 :
m1lk compositon 1s strongly influenced by maternal dletary }ntake and

'therefore fat levels and linolelc ac1d content vary (14) Neonatal

" total parenteral nutrltion formulatlons are ‘an exaggeratlon of Amerlcan

Heart Associatlon and Amer1can Academy of Pediatrlcs recommendations .

\

wlth respect to polyunsaturated to saturated fatty ac1d ratlos and”‘

‘ linoleic acid content respectively. Lipld solubillty dictates hlqh‘

levels of linolelc fatty acld§ in Nutralipld” and lntrallpdd‘h\ Few

studies of the effects of hlgh llnoleic fatty ac1d levels~1n neonatal

nutrition éklst in the literature.

R

e

Total parenteral 1nfus1ons 1n adults ut1lizing Nutralipld“ or
Intralipid™ as  fat - sources vary wldely in fat level but have

polyunsaturated to saturated fatty acid ratios. of approxdmately 3.0.

Fat content varies from a minimum of 4% of calories, to meet essentlaf‘

“fatty acid requirements, to approx1mately 507 of calories. The amountn

| Adult total parenteral nutrition formulations are’ also an exaggerationd

. of fat administered is calculated us1ng establlshed guidellnes (15).

3

of the Amer1can Heart Associatlon recommendatlons w1th respect to".

'polyunsaturated to. saturated fatty acid ratios. No~detrimental effects~ @l

'or compllcations of infus1ng fat emu151ons wfth polyunsaturated to“*‘gﬁ

i R

rincreased both carnitlne palmitoylcarnitine translocase and carnltlnel'fﬁJﬁ

'saturated fatty acid rattos of 3.0 have been reported in the .

'llterature. "‘

efults of the present study lndicated that diets composed of 4011_‘.‘37

fat "1th POlyunsaturated to saturated fatty acid ratios of 0. 35ff¢5l

palmltoyltransferase functlon in liver mitochOndrla of weanllng rats.i_g;;;

H

. Th1s suggested the above diet may be beneflcial for human neonatal;”*'“*

Ly
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.carn‘ltine dependent fatty ‘ ac1d transport in H‘\;er mitochondria.“
ReSults of this study also suggested current total parenteral nutrition
formu]as, specifical]y those with high Hnoleic fatty ac1d content mayf
adver‘sly affect function of carnitine dependent fatty acid transport in

Hver mitochondria of neonates. "Further. study is required‘;in these“"

areas.
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