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ABSTRACT

The effects of sunflower oí1 and lard (40 percent

of calorles) on serum 1lpld patterns and cholesterol turn-

over was. lnvestlgated j.n elght healthy young men. The 39-

day metabollc trlal conslsted of 1) a 10-day stablllzatlon

perlod when a fat mlx wlth a fatty acid composltlon repre-

sentatlve of the average canadlan consumptlon was fed;

2) a 21-day experlmental perlod when elther the lard or

sunflower o11 diet was fed; and. 3) a 7-day post-experlmental

period when thre mlxed fat dlet was refed. Fastlng venous

blood samples were taken on days 4, Ilr IB, 25r 32 and' 39'

Serum total cholesteroÌ decreased (P <0.001) Sø mgl100 mI

on the sunflower oil diet and increased- (P<0.00L).26 ne/

100 ml on the lard diet, Serum free ancl esterlfled choles-

terol followed the pattern of total cholesterol as 111us-

tratedbythefactthattheproporti-onoffreeand

esterlfied cholesterol remalned fairl-v constant wlthln each

group throughout the experlmelnt. Although there were

dlfferences among the groups, serum eholesterol, serum

Ilpld phosphorus and serum trlglycerldes followed slmllar

patterns. There was llttle change ln the fatty acld pat-

terns of the serum phospholipiCs ln response to dletary fat

source. Llttle 1s knorvn of the effects of dletary fat on

the turnover of plasma cholesterol ln normal, healthy men'

Thlrty-two days prlor to the start of the study, each sub-

Jeet was lnfused wlth 50 mlcnocurles of trltlum labelIed

ôholesterol and the decllne 1n radloactlvity ln the plasma



was monitored during the study. The decrease of 3II-"hoIes-

terol in the blood was trvice as great on the sunflower o11

dlet as on the lard dlet. However, there was no ehange

ln bhe slopes of the speclflc activlty-tlme eurve on the

two dlets whlch suggests that the rate of turnover of

cholesterol differed on the two dlets but synthesls and ab-

sorption of cholesterol remalned constant. Durlng the f1naI

seven days of the experlment when the rnlxed fat diet lvas

,nts of nroteln source on serum Ilplds ïIas ln-fed, the effects of proteln source on sr

vestlgated. Two subJects from -each of the lard and sunflower

o11 treatments consumed the same ldentleal rnlxed fat dlet

of days I to 10, whereas the remainlng four subJeets con-

sumed the same dlet except that the soy protein was replaeed

by lean beef. Proteln source was found to have no effect

on any of the Serum l1p1d parameters neasured. The appree-

lab}e effeets of sunflower o1Ì and lard on serum llpld

patterns ls conslstent wlth the hypolipldemlc effect of

polyunsaturated fatty aclds and hyperllpld.emlc effect of

saturated fatty aclds although the reeommendatlon of sub-

stltutlng anlmal fats with vegetable fats wlthout eonsld-

erlng the fat source 1s to be questloned

1v
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IÌJîRODUCTÏOI.i

The rela-r-ion of angina pectoris to eoronary athero-

SclerosiS t{as recognlzed over two centuries ago. l'4yocardlal

lnfarction was flrst recognized clinieally over a century ago. 
:t., , ..

Today, Syndromes eharacterlzed by eardiac pain are preclsely 
'':"""::

diagnosed and treated (nltsehule , irg|4),'. Generally, r^Ihen a

di-sease is easily and satlsfactorily treated, the pressure on 
.,. .,.,.,.
.:'..'::.!.:'.:

scientÍSts to elucldate the etlology and define preventlve : ::j:.r:::

measures 1s mlnlmal. But, rrihen a dlsease 1s increasing ln i,.,',;,,r,,,','
i. -: .'::_

a {e {-laa ^âaâ r.r{.Fh ^^F^nâ?¡rr 
qfilrov¡rr<a'lerrnsls 

-frequency as 1s the case wlth coronary atheroselerosls

andwhentreatmentofSomeofltSmanifestations1snotSatiS-

factory, the pressure for a solution 1s perslstent and heavy.
.

Atherosclerosls, the leading cause of death 1n North

America, j.s an entÍty characterized by the accu.mulation of 
i
)

eholesterol and other fatty substances ln the wa1ls of the 
i

large blood vessels (Gresharn, fgTZ). From adolescence on- .:
wards, the disease is almost unlversally present 1n our

=þopulatlon; persons trlth extenslve df sease become candldates i, :,..,,:,,-

for heart attaeks and angina pectoris when the eoronary arter- ,,,,.'-1,',

ies are involved, and for strokes when the cerebral arterles 
'.''1"';"'"

are j-nvolved. In North America, a male under 60 fras one

chanee in flve of developing atherosclerotic isehemlc heart . ,.

disease. Al-most one-third of the initial heart attacks Are " '""'

fatal wlthin a fer^¡ hcurs and more than 60 pereent before the

victim recelves medical attentÍon. For the stlrvi.vors the

outcome 1s often gloomy (Rrusls, 1971).
..-t,t ,,t, 

tt 
'



c11nIeaI and epldemlologlcal studles have indi-

cated that the causes of atherosclerosis and the ellnical

events leading up to a heart attack are mulbifactorial

(Epsteln , Ig72) . These causes include genetic, cultural

and environmental factors. Some of the cultural and en-

vironmental factors which are lcnorvn to increase the risk of

coronary heart disease (CHO) are under the control of the

ind.lvidual. These include dietary patterns (high intake of

cholesterol, saturated fats and calories), sedentary living

hablts (Paffenbarger and Fta}e, L975) and clgarette smoking.

Other factors, whlch have been impllcated but whlch are

less well documented, are large coffee intakes (Paul, 1968),

hardness of the drinking water, and emottonal stress and

tension (Schroeder, 1974). Some of the predlsposing factors

are not responslve to preventlve lnterventlon; men, for ex-

ample, are more prone t'o CHD than pre-menopausal women.

Dlabetes mellltus, obesity and a posltlve family hlstory of

vascular dlsease also increase the rlsk of CHD (Kannel et a,1t

"-1967; Epstein, 1-972) .

The d.egree to which each of these factors has con-

tributed to atheroselerosis has been confound'ed by many

problems. Some of the factors are interrelated; obesity can

be due to genetic factors or to an imbalance of caloric l-n-

take and energy expenditure (Katz et â1, f95B); both ean

cause hypercholesterolemj-a. The complexlty of the tissue and

haemodynarnlcal factors lnfluenclng the location and evolution

of the atherosclerotlc leslon (Altshule, I974a)-, the dlffi-

culty aE present to ASseSS the presenee and extent of



2:J.

'atherosclerosls in the livlng person and the lack of a sat-

isfactory experlmental anlmal model for atherosclerosls

(Gresham , T|TI), although work with prlmates appears prom-

ta:.s:.ng (.Jones et al, 1975), have added to the problem ln

elucidating and separating all the factors lm-olleated ln

atheros clerosfs

All serum liplds have been lmplf.cated in atheroi

Sclerosis. Elevated Serum cholesterol values appear to be a

factor present 1n all forms of CHD, hence lnterest has been

focused on serum cholesterol. Examlnation of aiheroscLero-

tlc fatEy streaks 1n human thoraclc aorta have shown average

cholesterol values five tlmes those of normal aorta, and

phosphollpld values 1.5 tlmes those ln adJacent normal lnt1-

mae (Insull and Bartsch, 1966). Hfgh fasting eoncentratlons

of plasma trlglycerldes have been shown to be a slgnlfÍcant

rlsk factor ln atherosclerotlc disease (Carlson and Boltlger,

l972)and1thasbeensuggestedthathypertr1g1yeer1dem1a

may have a rlsk :independent of assoclated. hypercholesterol-
--emia (A1brink, 1973).

There have been many studies on man in whlch the

diet has been closely regulated. These studles have shown

that changes 1n the fat compositlon of the diet can bni-ng

about a change 1n serum l1pld values. Dlets high in satura-

ted fats, containing high proportÍ-ons of CI2:0, C14:0 and

C16:0 fatty acids, have been shown to elevate serum choles-

terol values (Grande et a1, 1972). On the other hand,

saturated fatty aclds of fewer than 12 carbon atoms (Keyes

et aI, I965c; Grandeet al, I965c) and stearlc acld (Keyes



4. r:1.1:::r':i-:

-e! sl, I}TO; and Losler, I9T2) have been found to have little

effect on serum cholesterol values. Epldemlologlcal studles

have shown that populatlons v¡ho consume diets low 1n fatt

such as those rvhlch characterJ ze the Bantu, have litt1e

ahterosclerotlc heart d.lsease. But, these dlets tend to be

unpalatable and too extreme for North Amerlcan soclety. Sub-

stitutlon of vegetable o1ls, rich 1n polyunsaturated fatty

acids and low ln saturated fatty acids and. cholesterol, in

place of animal fats ean essentlally achieve the Same effect

on Serum 1lp1ds. Thls aoproach has offered a way to malntaln

a palatable hlgh fat dlet. Several controlled cllnlcal

trials have establlshed the quantltatlve effects of saturated

and polyunsaturated fat, as well as of dletêrV cholesterol on

serum cholesterol ln man (Hegsted et aI, 1965; Keyes et al,

L965a; Keyes et a1, Ig65b; and Keyes et aI, lrg65c).

It has been suggested that to counteract the pre-

sent incldence and mortallty from CHD 1n North Amerlca, the

dlet must be modlfied to mlnlmize elevatlons of serum 11pids.

However, many of the earller studies lmpllcating various fats

were conducted wlth subjeets who were fed. forumula d'lets and

who were not free-l1ving lndividuals consumlng rnlxed dlets.

Saturated fats are generally regarded as hypercholesterolemlc

although Losler (lg72) found beef taIlow, a fat hlgh in

stearlc acld, to have a hypocholesterolemic effect. Thus,

more precise informatlon on the effects of speciflc fats and

fatty aclds 1s needed. However, Íf it 1s accepted, 1n gen-

eral, that polyunsaturated fatty aclds decrease _serum

cholesterol and that saturated fatty aclds increase serum
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cholesterol-, the questlon arises as to how the;,' bring about'

these effects; whether it ls by lncreasing tu:'nover of

cholesterol or by a mechanism of redlstribution cí eholes-

terol between the varlous body tissues. The presenÈ s'uudy

was undertaken to lnvestigate the effects of 1arC, â satura-

ted fat hlgh 1n palmltlc acid, and sunflorver oJ1' a po;ìyun-

saturated fat hlgh ln llnolelc acld, or cholestercl iurnover

and on serum 1lpid levels in healthy, free-Ilv!-ng ind.ivi duals

consumlng a mlxed food diet.



REVTEI¡I OF LITERATURE

The main features of cholesterol metabollsm were

elucidated in 1933 by Schoenheimer & Breusch who concluded

that synthesls, absorptlon and destructlon of cholesterol- ln 
,,,,,,, ,

mammals were controlled by a complex system of'lnterrelated

mechanisms in which cholesterol ltself vras a prlnclpal medl-

ator. Ilowever, even today the means by which the regulatory 
,,.,,,,,..

mechanlsms are lntegrated ls poorly understood largely be- ,,,';'.""
:

cause adequate method'ology for aceurately quantiËatlng 
,,;.,;.,,t,.

sterol synthesls, absorptlon, excretlon and degradatlon in 
'

the lntact anlma] has been developed' only recently' In

addlt1on, the rnlsclblllty of cholesteroL among tlssues and

organs makes the dlsseetion of control mechanlsms ln the 
'l

various organs dlfflcult. Thls revlew wl11 attempt to sum-
,-

marlze the current concepts of the measurement and

regulatlon of cholesterol turnover'

Turnoverr, 1n the case of cholesterol, reflects the

balance between lnput of cholesterol from endogenous tissue ,:,'.,.'

synthesls and from dletary Sources, and the loss of choles- ,.,',,,',

terol whlch occurs 1n the feces ln the form of bl1e acid's "¡'::::::

and neutral sterols. There have been several studles of

chol-esterol turnover. In additlon to studies on cholesterol 
..:..::

t,urnover, other studles have provided estimates of the flow """¡"','

\ - - Â Àr^- ^4..1{ ^àof choLesterol among the body pools. Many of the studles

have focused otl assesslng Serum cholesterol leveIs because

of the assoclatj.on between atheroselerosls and hlgh serum
,' ,a.,, -

C¡OLeSterol ValUeS. f n general, the ChangeS ln plaSna 
,i,.,.,,,,,
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eholesterol are thought to reflect the changes in other no{V

tlssues.
studles ln cholesterol turnover requlre conslder-

able time because turnover ls s10w in some tlssues. The

measurement of cholesterol turnover demands steady state

condltlons in which there 1s a constant steroL lntake and

stable body welght. Cholesterol is lost almost exclusively

1n the feces. Fecal collectlons are problematlc; total

feces must be collected and correctlons must be made for

losses of neutral sterols due to bacterläI degradatlon'

Methods v¡hich measure the turnover of radloaetlve cholesterol

in the plasma are more simple than chemicaL methods but do

not yleld the amount of lnformation that dlrect quantltatlon

of fecal sterols or a comblnatlon of both methods can give'

A. METHODS OF MEASURING CHoLESTEROL TURNOVER

Nestel (1970) and Grundy & Ahrens (1969a) have re-

vlewed the four naJor technlques for meas:urlng cholesterol

trtrnover 1n man. These lnclude the chemlcal bal-ance tech-

nlque, lsotopic balance methods, estlmatlons based on analysls
1

of radloactlve cholesterol die-anay curves 1n serum* and a

comblnatlon of these methods -

Two types of lsotoplc balance methods have been

used to dlstlngulsh between fecal products of endogenous and

exogenous origln. The stmplest method lnvolves a single

A plot which takes lnto
blologlcal turnover of

account radloactlve decaY and
the labell-ed eompound

1.
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B.

'intravenous lnjectlon of labetled cholesterol and the subse-

quent measurement. of radioactlvity in the plasma and fecal

steroid fractlons. The labe11ed cholesterol 1s admini-stered

at least 30 days prlor to sampling to allow complete equill-

bration of the lsotope among the various body tlssues. The

second approach, the steady state lsotoplc balance method, '

has been suggested as a means for calculatlng the amount of

cholesterol absorbed. A constant amount of labelled choles-

terol is lngested daily until a steady state 1s reached.

Once a stead.y state has been reached, cholesterol turnover

can be calculated.

There have been several approaches for the measure-

ment of cholesterol turnover by analysls of speclfic actÍvity

dle-aivay time curves. One of the slmplest techniques ls the

single intravenous lnjectlon of labelled cholesterol followed

by monltoring of plasma radioactlvlty (Good.man and Noble,

t96B), The llmitatlon of thls method is that no direct measure-

ment of cholesterol synthesls and. absorptlon is made.

Chobanian et a} (L962) proposed a method for caleu-

latlng the rate of total turnover of cholesterol on the basls

of the die-away tlme curve of radioaetlve cholesterol' Hls

approach reflected the turnover of a single pool of readily-

miscible cholesterol excludlng that 1n nerve tissue. Thls

model did. not account for the fact that the change 1n specÍ-fic

activity in serum cholesterol ls not li-near until 30 days fol-

lowing the lnjectlon of labelled cholesterol (Figure I).

It is well documented that plasma cholesterol

specific activity deellnes more slorvly after ths first few
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FTGURE 1

FOR
A

SCHEMATIC LOG SPECIFIC ACTTVTTY-TTME CURVE

SERUM CHOLESTEROL AFTER ADMINISÎRATION OF

SINGLE DOSE OF RADIOACTIVE C}IOLESTEROL

Change of
Reglmen

Decreased sYnthesls
r oF lncreased Pool
JSpeclflc

Actlvlty

Increased sYnthesis
or decreased PoolTime

b=

c=

Period of Rapid Decay (non-l1near fal] off).

Period of Isotopic Equlllbrlum Between Readlly
Mlscible Pools (llnear falI-off).

After Change of Regimen.
(pool is cõncelved of as all the body cholesterol
except that ln nervous tlssue. Its slze can be
incrèased by decreased excretlon, lncreased syn-
thesls, oP lncreased absorptlon of endogenous
cholesterol. After a change 1n regimen, a
decreased slope of the speciflc activlty-time
curve is due to deereased endogenous synthesls
or lncreased pool size; increased slope 1s due
to lncreased äynthesls or decreased pool slze ' )

Grundy & Ahrens (L966).


