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ABSTRACT

The effecË of rapeseed oí1 on serum lípíd patËerns and whole

blood hernatology rrras invesËigated in a 39-day metabolic trial involving

7 healthy male subjects. The study consísted of: 1) a 9-day stabilization

period, when a mixeci fat diet was fed; 2) a 22-day experimental period

when rapeseed oil supplieõ the dietary fat; and 3) an B-day posË experi-

mental period when the mixed fat diet was again fed. The diet, which

contained 36 percenr of the calorfes as fat, consf-sted of ordfnary foods

except that t.extured vegetable proteln was subsËltuted for meat. Fastlng

bLood samples were taken on Days 1110rl9r25"à2 and 39" Sera were analyzed

for total cholesterol, lipid phosphorous, triglyceride and phospholipid

faËËy acid patterns. Mean serum cholesterol levels decreased by 13,urg/

100 rn1 during Lhe initial mixed fat diet, by another 20 mg/100 mI during

the first week of the rapeseed oil diet, tended Ëo plateau during the

second week of the rapeseed oil period and Íncreased during the last

week of the rapeseed oil period and Ëhe post-experimental mixed fat diet.

The same general pattern v¡as follorøed by lipid phosphorous and triglycerides.

Eicosenoic and erucic acids up very 1itt1e of the serum phospholÍpíd

fractíon (5.4 percent) of subjects afÈer 22 days on Ehe rapeseed oil

diet even though these fatty acids comprised 52 percent of the dietary

latty acids. The decrease in saËuraËed fatty acids and increase in oleic

acid observed ín the phcspholipíds reflecË the low level of saturated

and high level of monounsaturated faËty acids in the rapeseed oil diet,

Hemoglobin, hemaËocriL, red cel1 fragility and red cell, reticulocyte,

leucocyte and platelet counts T¡rere determined on whole blood" Except for

leucocyte and platelet counts ruhich decreased Ëo below normal levels on
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the rapeseed oi1 díet for most subjectse hematological parameters were

wj-thin normal ranges at all times. Fat biopsies were taken on t\,ro subjects

on the first and last day of the rapeseed oi1 period. Surall amounts of

erucic acid were found in bíopsy samples taken after 22 days on the rape-

seed oil diet" Other than the decrease in plateleË counÈ there v/as no

evidence of any marked or deleterious effect of rapeseed oí1 in the

human.
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IMRODUCTION

Rape is a unique plant in that it produces an oil which has

a 1ow contenË (2 to 7 percent) of saturated faËËy acids and a high

content of long chain monounsaturated fatËy acids, parËicularly erucic

acíd (c22:1) u whích comprises 20 Ëo 55 percenr of the oír (Rocquelin

and Potteau, 1968) " Rape is widely culËj.vated Ín European countries such

as Poland, sweden, Gernany and France and, since 1948, ín canada as well

(PorÈeous and Johnson, 1970). A greaË deal of research on rapeseed-o11

has been undertaken Ín the past 15 to 20 years partly because of the

economic imporËance of Ëhe crop and partly because of the observation

that physiologic changes occurred ín animals fed rapeseed oi1 but did

noË occur ín aniuals fed oils such as corn and soya (Rocquelin et al., Lg73)

Feeding ¡:elaLívely high levels of rapeseed oi1 to young rats

was found to depress growth and produce changes in liver lipid couposit.ion

(Thonasson, 1955) " Digestibility of rapeseed oil for Ëhe rat rrras lower

than that of other common oils (Deuel et al., 1948) although differences

in the metabolism of rapeseed oil have been observed among specíes. Man,

for example, absorbs rapeseed oí1 very efficiently (Vaisey eË al., 1973) 
"

Acctmulation of lipid in heart muscle of the rat appeared after 3 to 4

days following the inclusion of rapeseed oil in the diet, and in 2 to 6

months histiocyte infiltrat.ion, uyocardial necrosis and fibrosis r¿ere

observed (Rocquelin and PotËeau, 1968).

![hile the pathological effecËs associated with the ingestion

of rapeseed oil are undeniable researchers are beginning to questíon

l¡heËher erucic acid alone is responsj-ble for the changes observed since

low erucic acid rapeseed oí1 (canbra oil) also has been reporÊed to
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produce myocardial changes ín experimental animals.

Little vrork has been reporËed on the metabolism of rapeseed,

oÍ1 in man. IÈ has been observed thaË the raËio of erucic acid to other

fatEy acíds in the blood and other tíssues of humans is considerably

less than that of the diet (Tremolieres et a1., L972). Serum cholesterol

and phospholipid levels in man have been reported to be lower when rape-

seed oi1 ís fed than when other fats and oj-ls such as coconuË oil (Malmros

and irligand, 1957) and butter fat (Grande eË al., Lg6z).\^rere fed" As rape-

seed oil is the major edible oil consumed in Canada" it was of inËeresË

to examine íts effecË on ilerum parameters and whole blood hematology Ín

htrnans,
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REVTEI^I OF LITERATURE

A" INTRODUCTION

Rape is an oí1 prodi-rcing plant found mainry in parts of AsÍa,

Europe and North America (Rocquelin and poËteau, 196g). Two species of
rapeseed oí1 are grordn in canada; Brassica napus or Argentine_type rapee

and Brassíca campestrÍs or Polish-type rape. oil from older varÍetÍes
of these two species is characterizeð. by containing, as compared to other
oíls such as soya or corn, a Ìarge quantity of long chain monounsaturated

fatty acids such as erucic acid with 22 carbon atoms and eícosenoic acid wíth
20 carbon atoms (Tab1e 1)" As well,rapeseed oil contains retratively row

amounts of saturated fatty acíds. The other major fatty acids in rape_

seed oi1 are linolenic, linoleic and oleic acíds. Sínce 1961 Canadian

r¿orkers have developed varíeties of rape with oil containing very row

levels of erucíc acid and eícosenoic acid and high leveIs of oleic acid
(stefanssonet al., 196r). A comparison of fatty acid composítion of rape- l

seed oí1 and this ne\,,r type of oil , commonly carled canbra oil , is shown

in Table 1 
"

Rapeseed oi1-, as it will be discussed here, refers to traditíonal
rapeseed oÍls sold in Canada until 1973 and not to canbra oil" canadian

rapeseed oí1s differed from those produced in Europe in Ëhat erucic acid
made up only about 30 to 40 percenr by weighË of the fatty acids (craig,
i970) whereas European oils contain about 5o percent by weight erucíc
acid (Abdellatif, 1972) 

"

Fats of animar origin usuarry contain approximately 50 percent

saturated fatty acids whereas mosÈ vegeËable oils contain about 90
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Table 1

Comparison of Canadian Rapeseed Oils
wíÈh Canbra and Ottrer Vegetable OilsI

Fatry AcÍd

Rapeseed Oils

B. napus B. campestris Canbra Soya Corn

Palnític o Cl6;02

Stearic, C18:0

Oleic, C18:1

Linoleic, C18:2

Linolenic, C18:3

Eicosenoíc, C20:1

Erucic, C22:L

4.0 3

1.0

19.0

14"0

8"0

14"0

40.0

3.0

2.0

27.0

18.0

9.0

L2.0

31" 0

4"7

I,B
63.8

20"0

8"9

1.3

11. 5 12. L

3.9 2"3

24.6 28 "7
52.0 56 "2
9"0 0"7

I-DaËa fron Craig, 1970.,-Carbon number: number of double bonds"
?-Percentage of toÈa1 fatty acíds"
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percenË mono- and polyunsaturated fatty acids. prolonged feeding of

vegetable oils Ëo animals at z0 percenË by welght of a balanced diet

s¡as found to be satisfactory until it appeared that there were physio-

Pathological changes such as depressed growËh rate, myocardía1 alËera-

Èions and modifications in adrenal and liver 1ípid composition associated

with feeding rapeseed oil at za percent by weight of the diet,(rbomasson

and Boldingh, 1955; Rocquelin and cluzan, 196g; Abdellatif and vres,

1970; Beare-Rogers et al., L97l), Extensive reviev¡s of the líËerature

lnto these changes have recently been wrítten by Rocquelin and C1uzan,

(1968); AbdellatÍfu Q972); LeBlanc, (1973) and Rocquetín er at., (1973)"

B" EFFECTS OF RAPESEED OIL ON ANNÍAL GROWIH

In general, growth ha.s been found to be depressed in experimen-

Ëa1 animals fed RSo as compared Ëo Ëhose fed other fats and oils. Two main

theoríes have been proposed to explain the depression in growth:

(1) depressed growth is due solely to the presence of erucic acid and

(2) depressed growth ís the result of an imbalance of ""t.rr"ted to

unsaturated fatty acids.

An early study in support of the first postulate showed that

a díet coirtaining nasÊurtium oil with erucic acid naking up 30

Percent of the Ëota1 calories r^ras as effective in depressing growth as

a diet conËainíng rapeseed oil where erucic acid made up 29 percent of

Ëhe total caloric value (Thomasson and Bol_dingh, 1955). Beare et a1.

(1959 ') found thaË weight gaín of rats fed ad libiturn diets containing

20 percenË rapeseed oi1 or coïn oil supplemented with ethyl erucate

was inversely proportional to the erucíc acid content of the diets.

Canbra oil, which contaj"ns 1itt1e erucic acid, did not depress growth

r'¡hen studied in several animal species (craig and. Beare, 1968; Rocquelin
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and cluzan, 1968). sínce canbra has almost Èhe sâme saturate'd/

unsaturaËed ratío as regular rapeseed oil, erucic acid has been

proposed to be Èhe causative facEor in growth d.epression. There is
however some evidence Ëo suggesË that growth depression ín response

to rapeseed oil also may be rerated to the very high ratio of
unsaturated, particularly monounsaturated, to saturated fatty acids
(Murray er al., 1-958; Beare eË ar,, 1963). Murray et a1. (1958)

compared the effects of diets cont.aining 5 per cent corn oil, urethyl

oleate, nethyl ll-eicosenoate or methyl erucate on the growth of
rats" All 3 of the monoenoíc fatty acids reduced growth rate in
females in comparison to corn oil buË none had any effect on the

growth of male rats. Beare et al. (1963) were able to overcome

the growth depressíng effect of rapeseed oil in rats by increasing

the saËuraËed fatty acid content of the diet. They found more

rapid growth of rats on a mixture of paln oil and rapegeed oi1 Ëhan

on a dieË with only rapeseed oil although both diets contained

the same amount of erucic acid.

Although both erucic acid and the 1ow ratio of saturated/

unsaturated fatty acids in rapeseed oil affect growth, Rocquelin

and Potteau (1968) concluded. that the effect of erucic acid ís
predominant.

C" DTGESTTBILITY OF RAPESEED OIL

Fat digestibility is a term which describes the

dbilíty of dietary f.at to an organísm (Deuel, 1955),

overall avaÍ1-

Many studies
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vrith the rat have indícated that the digestíbility of rapeseed oil ís

l-or¡er than thaË of many other corIrnon vegetable oils" The main cause

of the lov¡ered digestibility is thought to be the high content of

erucic acid (Deuel et al., 1948; Carroll, 1958; Rocquel_in and Potteau,

1968). Deuel et al. (1948) found the coefficient of digestibility for

rapeseed oil for the rat lras 77 percenË. This low value was believed

to be related to poor absorptíon of the erucic acíd fraction" Carroll

(1958) d.emonstraLed that Ëhe coefficient of digestibiliÈy of long chain

fatÊy acíds by nale rats díninished very rapidly wiÈh increasing

molecular weight; the dígestibility of long chain monoeonÍc faËty acids

such as erucic acid u¡as lower Èhan that of shorter chain monoenoic fatty

acíds such as oleic acid. Deuelts results vrere subsequenËly confirmed by

Rocquelín and PotËeau (1968) who found the coefficient of digestibility

of tradit.ional rapeseed oil was 77 "6 percenË whereas the coefficíent

of digestíbility of canbra oil was 95.5 percenË. As discussed previously

the prinary difference betrween these Ewo oíls is that the erucic acid

of rapeseed oil ís replaced by oleic acíd in canbra oi1.

There areo however, .very distinct. dífferences between the

results obtained from digestibiliËy sEudÍes with the raË and with man"

Dígestibilíty of rapeseed oil by the human was found to be excellent

(99 percent) when iÈ provided 25 percent of dietary calories (Deuel,

1949) " Sínilar observaËions have been reported by Vaisey et al. (1973).

These results would suggest thaË specíes dífferences exisL with respect

Èo utilizat.ion of raÞeseed oil.

D. PHYSIOLOG]CAI EFFECTS OF RAPESEED OIL

D"1"

animals

Heart High levels of rapeseed oi1 in the diet of experimental

pathological effects'inhave been found to produce specÍfíc
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certain organs, especially the heart. rn addition, the oíl caused

modificatíons in myocardial lipid patÈerns of several aninal species

(Abdellatif and vles, 1970; Beare-Rogers, r97o; Beare-Rogers et al.u

l97r; Beare-Rogers et al., L972a). rn the rat there r¡ras a buildup of

heart lipid which was followed by histiocyte cell infil-tration that

was maximal at 16 weeks, Thís was followed by interstitial fibrosis of

the myocardium, an irritatíon drle to the continued supply of erucic

acid through the inËerstitium, which was maximal at 64 weeks (AbdellaËif

and Vl-es, I97Oo L97Oa; Beare-Rogers, 1970)" However, Dallocchio et al.(cited

by Rocquelin et al., L973) have found that a díet conËaining a high
'lleve1 of rapeseed oil will cause imredíaËe but tempoïary lípíd Ínf i1-

tration of the myocardium followed by a histíocyte reaction visible

on the fifteenËh day. Peanut and canbra oils had no effect duríng,the

same period. Considerable evidence points to erucic acid being responsí-

bre for the pathogeniciry of rapeseed oil- (Abdellarif and vles, r970a;

Beare-Rogers, 1970; Rocquelin et a1, , 1973). Lesions similar to those

produced by rapeseed oí1 were found in rats and ducklings fed ísocaloríc

diets conËainíng the sârne anounts of erucic acid and glyceryl trierucate

(Abdellatif and v1es, L970a). 14 facto Beare-Rogers (1970) has shornm

that other long chain docosanoic acids such as that of herrins oil
produced cardiac lipídosis in the rat and that severity of lipidosis

rüas proport.íonal to Ëhe amount. of oil in the diet.

Rocquelin et al. (i970) have expressed doubt thaË erucic acid

is the sole pathogenic factor in rapeseed oil as they encountered cases

of histocyte cell Ínfiltration in the myocardium of raËs fed canbra oil

f.or 2 to 6 months. The lesions r¿ere less severe in the group fed canbra
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oil than in Lhe group fed rapeseed oil, and no fatty accumulation r¿as

observed" Nonetheless, these observations cannot be satisfactorily

explained" La1l et al. (L972) observed sone vacuolization and lípid
ínfíltration of the cardiac cel1s of chickens fed diets containíng

eiËher 20 percent by weight of rapeseed oil (37 percenË erucic acid)

or 20 percent by weight of canbra oil although the effect r,¡as much less

marked with the canbra oil.

Of interest is the fact that both rapeseed oí1 and. canbra oil
have a low ratio of saËurated/unsaturated faÈËy acids. rn some cases

increasing the saturation of the díet seemed to have an ameliorating

effect on the physiopathologícal changes accompanying feeding of erucic

acíd (Beare er al. , Lg63; Beare-Rogers , rgTo). Rocquerín et a1" (1970)

also tesËed the hypothesis thal the unfavorable ratio night be responsÍble

for the myocardial lesions. They formulated various fat mixtures r¡ith
the ratio of saturated/unsaturated fatty acids found in rapeseed oí1.
Myocarditís r,ras observed only in rats fed a triglyceride mixture containing

some erucic acid. Thus it would seem that erucic acid was responsible

for the rapeseed oil-induced lesions.

It is not possible from research reported Ëhus far to satis-
factorily explain metabolic disorders responsible for the myocarditís.

Incorporation of eicosenoic, erucic or cetoleic acids into rat diets
has been accompanied by an accumulation of lipids in the myocardium

(Beare-Rogers et al., L972b). This cardiac lipídosis is characterized

by an accumulation of triglycerídes wíth a high erucic and eicosenoic

acid content (HouËsmul1er et al., I972). The extent of íncorporation of
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erucíc and eicosenoic acíds inÈo qyoeardial lípids varied wiËh Lhe

quantiÈy of erucÍc acid in the diet, wiËh the length of the period the

diet r¿as fed, and with the aniual species being studied" The percentage

of these two acids increased in the hearË as the percentage of erucíc

acid increased in the dieË (Beare Rogers et a1" ,L971). These changes

r¡reÏe transitory and decreased with Ëime irrespective of the level in-

corporated inËo the diet (Beare-Rogers et a1., 1972a). I^lhile detectíon

of the presence of lipid globules in myocardial cel1s of Lhe pig is

possible only'by use of the elecËron microscope (Rocquetin et a1., 1973)'

the gerbil accumulates lipids in the myocardium comparable to accumula-

tíon seen in the raË (Beare-Rogers et, al., L972b). In addítíon Ëo its presence

in Èhe tríglyceride fraction, erucíc acid is also found in free fatty

acíds, cholesËerol esters and phospholipids of myocardial lipid fractíons

(Beare-Rogers et"al ",1972a)

D"2" Adrenals and Other Tissues The adrenal glands normally contaín

a relatively high concentration of lípid, and cholesterol esters

constítute a substantial portion of the lipíds. This is probably related

to the requiremenË for a reservoir of cholesËerol for the bíosynthesis

of sÈeroid horr,ones" It has been shown however that díets containing

25 percent of rapeseed oi1 cause a three-to-four fold increase of the

cholesterol content of rat adrenal glands (Carrolt i951; f953). The

adminisËration of nervonic acid led Èo similar elevaËion of cholesterol

in the adrenals (Tabte 2) (Carroll, 1953; Walker, I972). The differences

observed among erucíc, nervonic and oleic acids vlas even more significant

when it is Ëaken into consideration that digestibility of nervonic acid

was 25 percent while the digestibility of erucic acid v¡as 55 percent
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and digesÊibíliÈy of oleic acid r^ras g5 percent. The total quantity of
fat in the adrenals was noË greatly changed but the composit.ion rnras

altered" Thus the accumulaËion of choresteror appears Ëo be at the

expense of other lipid fractions. Carroll (1957) also found the feeding

of rapeseed oil to mi-ce increased the cholesterol content of Ëhe adrenals

buË had no effect on cholesterol leve1s in the adrenars of cats, dogs,

rabbits, guínea pigs or chicks. The accumulation of cholesterol appears

to be relaËed Ëo the marked incorporation of erucic acid into Ëhe

steroid ester fraction of the adrenals in. response to the feeding of
rapeseed oí1. Thirty-four percent of fatËy acid.s esterified with choles-
Ëero1 in Ëhe adrenal glands of raËs r¡rere accounted for by erucic acid
when a diet containing 15 percent by weight of erucic acid vras fed for
three weeks (Carroll, L962a). Thus the aqcumulation of cholestenol,

erucate is largely responsible for the high cholesterol content of Ëhese

glands. Erucic acíd also \¡/as present in the triglycerides (11 percent)

and phospholÍpids (1.2 percent) of the adrenar lipids. sinilar results
r¡rere reported by Walker et a1. (1972) 

"

In the plasma, erucic acid was found rnainly in the triglycerides
(17.8 percent) vrith smaller quantities ín the cholesterol esters (3.5

percent) and phospholipids (5"7 percent) (walker et ar" n rgTz)" trrral-ker

eË a1. (Lg72t also noËed that the amount of oleic acid was íncreased.

The liver is another organ in which erucíc acid is found in
the lipid fraction, the amounÈ incorporaËed again being proportíonal to
that found in the dietary oil although the concentration of erucic acid
in the liver lipid was much ror,ver than ín the diet (Kramer, 1973). As

w:ith Êhe adrenals the toËa1 amount of fat díd not change but composition
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of the lipids changed. There was significantly lowered saturated fatty

acid content and an appreciably elevated urrsaturated fatty acid concen-

tration in the l-íver" Carroll (1953) and Carrolland Noble (1956) found

an accumulation of cholesterol in Ëhe liver and increased cholesterol in

the feces when erucic acid was fed at levels of 10 to 15 Dercent of the .

diet" The diets used by Carroll contained essentially no cholesLerol" In

experiments utílízing acetat"-t-14C, Carroll (1959) found that the primary

effect. of erucic acid in the liver T¡ras a stimulation of cholesterol syn-

thesis" Increased fecal excretion of cholesterol r^ras thus 1ike1v due to :

the íncreased synthesis "

E" METABOLISM OF RAPESEED OTL

Recent reviews on the metabolism of rapeseed oil and its effect

on various animal tissues are available (Rocquelin and Potteau, 1968;

Abdellatif, L972; LeBlanc " L973; Rocquelin eË al", L973). In brief, it

has been reporËed that the ratio of erucÍc acid to other fatty acids ín

the blood and other tissues of anímals fed rapeseed oi1 is considerably

less than that of the diet (HopkÍns et al.,1957; Carroll" I962ag Craig

and Beare L967)" These authors have suggested that significant inereases

in the amourits of oleic acid in the plasma, adrenals, kidney and heart

of animals fed rapeseed oÍ1 índicates that erucic acid undergoes degrada-

tíon with eli-minaËíon of 2-carbon uniLs from Ëhe carbo><yl end of Ëhe

chain. Boucrot and Bezard (cited by Rocquelin et al., 1973) and Lecerf

(cíted by Rocquelin eË al., L973) studied the metabolic conversion of
1LI4--'C erucic acid in the livers of rats that had íngested dieËs containing

15 percenË by weight of rapeseed oil for B to 60 days" They found that

erucic acid r¿as converted noË only to oleic acid but also to longer and

shorËer homologues"
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Bach et al. Ogòg) demonsÈrated. that oxidation of erucic acíd

proceeded at the same rat,e 
"" tnå oxidaËion of oleic acid as evidenced by

the specífic acËivi-ty of carbon dioxide expiration. On the other hand it

has been reported by Abdellatif. \L972). CloueÉ, er a1. (cired by

Rocquelín eË al., 1973) and Lemarchal et al. (1973) that erucic acid is

rioÈ as q¡ell oxidLzed by the mitochondria of the heart and that it is

therefore incorporated ínÈo tríglyceri-des, Ëhe lipid in whÍch most

erucic acid is found in the heart during lipídosis, Erucic acíd is

also found at 1ow level-s Ín free fatËy acids and phospholipid fractions

ín the myocardium (Rocquelin et al. , L973; Houtsmuller, 1970) 
"

Erucíc acíd may inhíbit the oxidation of oÈher faËty acids such

as palmiËíc acid si-nce erucic acid causes oÈher fatty acids to accumut:

late in cardiac triglycerides as well (Bearê-Rogers et aL,, 1.972b; chris-

Ëopherson and Bremer , 1972). Christopherson and Bremer (1972) have pos-

tulated that a general blockage in the mitochondrial oxidation of

fatty acids may be caused by erucyl-coA or the early inÈernediaËe pro-

ducts of B-oxidatíon of erucic acid. Clouet eÈ al. (cited by Rocquelin

et al., 1973) have reported ÈhaË Ëhere ís a recovery in the abí1iËy

of the heart mitochondria to oxidize fatty acids during the first two

monËhs on a rapeseed oi1 díet. The hearË thus adapts by utilizing

the accumulation of lipid in heart muscle of rats fed rapeseed oil.

Houtsmuller et a1" (L972) noted a decrease in A T p production and a

marked decrease in Ëhe rate of oxygen consumption r¿ith subsËrates such

as glut:mate, oxaloglutaraËe, decanoate, succÍnate and malaÈe when

50 calories per cent rapeseed oil was incorporated int.o the diet. . rn

a subsequent e)çperiment they found that values for rate of oxygen up-

take were inversely proporËiona1 to 1eve1s of erucic. acÍd Ín the heart
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and suggested thaË the ability of rat heart mitochondria to oxidize

substraËes ís decreased when increasì.ng amounts of rapeseed oi1 are fed.

These effecÈs are noÈ specific for erucic acid, but are also caused by

lts homologues eicosenoic acid (C20:1) and nervonic acid (C24zL).

However, Dallochio et â1. (cíted by Rocquelin eË al., 1973) did not fínd

any significant changes in the activiEy of ATP-ases in the hearts of rats

fed rapeseed oí1. Houtsmuller et, al. (1972) also found a slowdown Ín the

transport of long-chain acylcarnitines at the leve1 of the rnitochondrial

meubrane in rats fed rapeseed oi1. It may bà at this stage thaË erucic acid

triggers the metabolic disorders of f-ipídosÍs, hísËiocyte infiltration

and fíbrosís of Ëhe cardiac ce1l. Rocquelin et al. (i970) have also

studied the effect of the low saturaËed/monounsaturated ratio of fatty acíds

Ín rapeseed oil on Èhe myocardium" They found that lesions r¡rere more

frequent and severe in animals fed rapeseed oil or synthetic fat mixËures

containing erucíc acíd than was found in rats fed synthetíc fat mixtures

containing the sâme ratio of saturated/monounsaturated fatty acíds buË no

erucic acid. Beare-Rogers et aL. (I972a) fed synthetic oils and found that

increasing Èhe amount of saturated fatty acíds ín the diet did not prevent

the erucic acÍd induced fat accumulation in heart tissue. Erucic acid

thus appears to have a major effect on myocardial lesions although the

effect of saturaËed to monounsaturaËed ratios has not, been definÍtrively

resolved"

Ultinately the concern with rapeseed oil is for iËs effect on

man" Research regarding metabolism of rapeseed oil in man is liuíted"

Tremolieres eË al. (Ig72) gave 0.5 e/ke of body weighË of 47.3 percent

erucic acid rapeseed oil to'9 subjects. The oil and a control (peanut.

oil) r+ere fed Ëo fasted subjects" They noted that erucic acid in the
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PLasma reached a peak 2rz tLours after feeding for 4 of 9 subjects but was

sti1l rísing 3% hoúrs afÈer Íngeåtion in another 4 subjects. Tremolíeres

et al. (1971) also found that feeding the same amount of rapeseed oil

causes a signífícant reducÈion ín the respJ-ratoïy quotient in subjects

aÈ resË. More research'v¡iÈh animals and. man ls obviously required Èo

clarify our understanding of the metabolísm of rapeseed oi1.

F. EFFECTS OF RAPESEED OILS ON BLOOD LIPID PATTERNS IN MAN

Very litt1e research has been reported on Èhe effects of rape-

seed oils on blood 1lpid patterns in eíther animals or man. Feeding rape-

seed oil or erucíc acid at 10 to 15 calories percent of the díet had little

effecÈ on plasma cholesterol (carroll and Noble, 1956; Beare et al.,

I959a; Carroll, L962a) or phosphol-ipid levels (Carroll 
" I962a) of.experi-

menËal¿animâfts.. !tríËh hunan subjects, Grande et al. (1962) reporËed that mean

serun cholesterol and phospholipid levels did not differ r^rhen subjects

were fed 32 percent of the calories as rapeseed oil (24 percent erucíc

acid) or a mixture of corn and olive oi1 but increased when the subjects

were fed Ëhe same amount of butter, Malmros and Wigand (Lg57) observed.

a decrease in serum cholesterol of 40 ng/lOO mt in subjects after

one r¿eek of feeding on a diet containing 40 calories percent rapeseed

oÍ1 (50 percent erucic acid). LeBlanc (1973) investigated the effect of

canbra oil on seruu lipid patterns of male subjects fed a diet contaíning

38 percent of the caloríes as f¿t, The substiÈuËion of canbra oí1 for

mj-xed fat in the diet vzas accompanied by a subst.anÈial decrease in serum

cholesterol and lipid phosphorous and a slight decrease in serum Èri-

glycerides" Reversion Ëo the uíxed fat dieÈ vras accompanied by an in-

crease in 1evel of all three parameters.
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Tremolieres et al. O9lZ) found that a single dose of O.5 g/kg

of body weight of rapeseed oi1 \¡ras accompanÍed by a signifícant elevatíon

in erucic, eicosenoÍc and linolenic acids in the plasma although the

levels of the latter fatËy acids rn¡ere lower that those of erucic acid.

Erucic acld and eícosenoíc acid \4rere present in the plasma mainly in the

form of Ëríglycerides. No erucic acid was found in the plasma phospho-

lípids duríng xlne 24 hour observation period.

Abdellatif and Vles (1970b) found an accumulation of erucic

acid ín the membranes of erythrocytes of guínea pigs that were fed for

8 weeks a diet containíng 25 caLories percerit rapeseed oil. They suggested

that the diet night account for hemolytic tendencies observed" On the other

hand rremolieres et al. (rg72) anaLyzed blood onry a few hours after

feeding the rapeseed oil but found no accumulation of erucic acid in red

blood cells" IË Ís difficult to draw conclusions on the effect of

rapeseed oil on blood lipid patterns ín the human from the lirnited number

of studies thaË have been reported,
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OBJECT OF RESEARCH

Because we cannot investigate Ëhe actual consequence of rape-
seed ol1 on organs such as the heart tn man, it is essential that
exhaustive research v¡tth regard Ëo its effecË on measurabl-e parameters

such as b100d and feces be done if we are in any r^fay Ëo extrapolate
results fron animal studies and apply them even with extreme caution
to our own species. At thl.s time trematol0gical and organ studies on

experimental animals are far from compl_eÈe, and in man they have hardly
begun.

The objective of the present study vras to investÍga'e the
effect of rapeseed oir on (a) serum ]-ipid patterns and (b) whole blood
consËituents of normal nale subjects when rapeseed oil provided about

36 percent of the total calories in a mfxed diet.
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ÐGERI}ÍENTAI METHODS

A. EXPERI},ÍENTAI, DESIGN

The study consisËed of a 39-day metaboìt" arr", conducted ín

May and June, 1973 and included 3 periods.

a) An initial 9-day stabilízation period throughouË which a nixed fat
dÍet was fed"

b) 
^ 

22-day experimental period when the subjects received a rapeseed.

oil dÍet"

c) An 8-day follow up period when subjects r,rere again fed the nixed fat
diet.

Subjects resided in their own homes but were served meals in
the Home Econouics Buildíng, university of Manitoba. rf desired by the

individual , Saturday and Sunday lunch and df.nner \^7ere packaged for home

preparation. Meals v/ere served at the customary hours but r¿iÈh some

flexibility to accomodate índividual requirements. rn addiÈion to Èhe

meals, subjects \^rere given 3 snack items daily and were instructed to
consume no cther foods"

Two daÍly Inenus v¡ere alternated during both the mixed fat period

and the experimental períod. Fixed recipes as described by LeBl-anc (1973)

r,¡ere followed in the preparatíon of alI food items except Ëhat a high

erucíc acid rapeseed oil (39 percent erucic acid) r¿as substituted for
canbra oí1"

Subjects were weighed daily before breakfasË. When.necessary,

lndividual caloric inÈake was adjusÈed to mainËain body weÍght.
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Fasting venous bl-ood samples were obtaÍned aË 8:00 AM on Davs

1110r18r25r32 and 39. Fat bíopsieswere taken on two volunÈeer subjects

on the first and last day of the rapeseed oil dieË"

B" SUBJECTS

seven heal-thy college marese ages za-27 (nedian age 25 years),

t¡ere chosen from volunteers who responded to notices advertising the

study. They were of average heighÈ and weight (Table 3) with no diagnosed

metabolic disorders or recent history of poor heaLth. One subject did not

serve successfully and was replaced on Èhe fifËh day of the initial
stabilization period by subject R"D, As a consequence, subject R.D" was

fed Ëhe míxed faË diet for only 4 days prior to Ëhe experimentaL period.

C. D]ET COMPOSITION

The trüo menus (Table 4) were planned to utilize ÈexËured

vegeËable protein (T.v.p.)1, fresh skin milk and spray dríed egg albuuen

as the prinary source of proteín. Three different forrns of T.V.p. (Table 5)

were used in place of the meat normally found in the main entr6es:

hamburger patties, meat ballse s\¡reeË and sour pork and beef stew. The

entr6es and snack ítems !¡ere prepared ín advance, frozen and st,ored at

-10oC until reguired. No changes ín flavor, texture or appearance were

observed as a result of freezíng and storage.

The menus were calculated to provide approximately 3000 calories

and v¡ere desígned to meel all nutríenË allowances as recoirrnended in the

Canadian Díetary Standard. Caloríe and nutrient contenË of Ëhe diet is

shown ín Table 6" The calcu]-ated nutríent cont.ent of the individual menus

t-Trade name for Textured Vegetable Protein. Archer Daníels Midland Co.
733 Marquette Ave., Minneapolis, Minnesota 55440"
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Table 3

Height and lleighr Dara of Subfecrs

Iüeight (re)

'Subj ect Age
(yr)

Height
(cur)

Initial
Over 21 - Day
Experimental

Period

R.U.

M;Q.
rr
IoIo

c.G,

S.K.

R.A.

R.D.

26

23

20

25

25

23

27

183

170

180

t73

183

170

180

68 "6
76 "7
75"8

72"6

67 "7
63. I
76.7

64.8 t 0.81

76. 0 t 0.8

74"7 t L"2

72.7 ! 1"0

67.5 t 0.5

63. 3 r 1"2

76.2 ! L"L

1 t."r, t S.D, for 39 daily weíghíngs.
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Table 4

Compositíon of. Diets

Menu I Menu I ï

0range j uice
Cooked rol1ed oats3
Scrambled egg albunen
Sliced white bread
Strar,rberry j an or
orange marmalade
ItIhite or brown suqar
BuËter or margariãe4
Skín rni lk

Hamburger patti." 3

Hauburger bun
ColeslawJ

Breakf""tl'2

Apple juice
Cooked cream of wheaÈ3
Scra¡nbIed egg albumen3
Slice white bread
Strawberry jam or
orange marmalade
White or brown sugar
ButËer or margarinea
Skím nilk

rr2

SpaghçE ti lmeatballs I tomaro
1sauce'

Slice whiËe bread
Tossed salad3 .
Piquant salad d.ressingJ.
Canned f rui t v¡i th j ui c e-
Skin uri lk

rr2

Coleslaw dressing
Canned fruiË r,/Íth
Skirn mi lk

5
J ul-ce

Lun ch

Dinner

Swee! and sour pork3
Rice3 

?Tossed salad-
Piquant salad dressirrg3
Slice white bread
Canned fruiË wiËh ¡uice)
Skím nilk

, Beef stelt
Mashed pqtator
ColeslawJ 

?Coleslaw dressing'
Slice vrhíte bread
Canned fruit wíth
Skim nilk

Srrr"k" 1 
' 2

spícy fSuit square, uni..d3; white .,rp."k.3; raisin oatmeal
cookiesJ

I

J Ur_ ce

lcoff". and tea
2Fo. quantitíes
tables Ir2,3o4

?-Recípes from LeBlanca 1973"
-11"0 gm butter as spread per day forÌ,fenu r Mixed Fat Díet;
20.0 gn butter for Menu rr Mixed Fat Dier; 14.0 grn HEAR

..uaf garine f or Nbnu I Experimental DieÇ; ZO "O grn HEAR
margarine for Menu II Experimental Diet

-Pears, ãpîieots, píneapple, peaches or p1ums,

a11or.¡ed ab " 1ib.
of each iteu see Díet Calc ulation, Appendix
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Table 5

Typical Analysis of TVPI

Content, %

Beef Strips,
lf LO

Beef Chunks, Pork Chunks,
lirs # 10

lfois ture
Fat
Protein
CarbohydraËe .

Fíber
Mínerals
Salt
MSG

Vitamíns per 100 grams

Thiamin
Riboflavin
Niacin
Vitamin 86 (pyridoxol)
Pantothenic acíd
Folic acid
Inositol
Vitamin 812
(cobalamin)

Minerals, Z

Phosphorous
Calcium
Iron
Sodium
Potassium
Magnesium
Copper
Zínc

5

^1
51

35. 3
2
9

6.5
0"9
53
29 "6
3
IO

3.0
3"0

0" 21 ng
0"42
2.42
0"70
i"30
0"30

270
under 0"50

U"J4
L "26
2.02
I "29
1. 35
0.32

28O
under 0"50

5 - 6.5
0"6 - 0.9
50-53

33"4 - 26"6
2"5 - 2"7
11 - 13

4"5
1.0

n?¿--voy_ ur6
&

+

¡
ù
$

ù

under 0"50

5
0"6

48
3s.4
2.5

11

6.5
0"9
50
JI. O

2"7
13

5.0
J")

mo'_ö

o "64
0 "20

60 pprn
1" 50
2.45
2.50

19.50 ppm
55.70 ppm

&

J.

¿

*
&

*
&

4

ù
&

¿

+
&

*
¿

1-Analysis data supplied by Archer Daniels Míd1and Co.
Ave", Minneapolis, Minnesota 55440.

ù_
No values available at present.

, 733 Marquette
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Table 6

Calculated Nutrient Composition of Dietsl

Diet

Mixed Fat Experimental

Composition
Menu
Day I

Menu
Day II

Menu
Day I

Menu'
Day II Recommended2

Calories
Protein (g)

rat (g) 
_

Carbohydrate(g) 383"2

Calcir:m(mg) IL64

Phosphorous (mg) I 132

Iron (mg) B. 90

vír" A(r.u.) 4495

Thíamin (mg) I "42
Riboflavin(urg) 2"66

Niacín (mg)

Vit. C (ng)

2963

98.3

119"6

2944

ro3"2

Lt7 .9

404.6

969

1095

21" 00

r334 1

| "77
2 "78

14"BB

177

2977

95"4

119.5

389.9

LL66

I 170

9"3s

404L

L"47

2.64

8"28

139

3025

103"5

118"9

389"3

965

109 1

2I"72
L2404

1"8

2"72

14"88

174

2850

38"0

500

6.0

3700

0.9

L"4

9"0

30

8"26

140

L_--Values determined
(I,Iatt and Merril,

usíng USDA Hamdbook /É8 Composition of Foods
1963) "

t-Based on Revísed Dietary Standard for Can¿ida (1964). Values given
for males, 158 lb (70 kg), activity 1evel A.
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is presenËed ín Appendix Tables IrZr3 and 4.

Ïn addition to the preseribed diet, soy sauceo hlorchestershire

sauce' ketchup and. sweet pickle re1ísh were available. l.Ihen addÍtÍonal

caloríes were required in order to maintain body weight items such as

marshuallows, sugar and bread r"¡ere added to the diet and the fat intake

altered Ëo mainËain the calories from fat at 36 peïcenË of the total"

D. FAT COMPOSITION OF THE DIET

About 36 percent of Èhe daíly calorÍes were dàrived from faË,

Conposition of fat in the mixed fat diet was designed to closely resemble

the amount and composition of fat in an average North American diet"
Details of the development of Ëhe formulation have been descríbed by

LeBlanc (f973) " The proportion of each fat used in Ëhe mixed. fat diet
is shor^m in Table 7" A najor portion of the fat was incorporated into
a variety of menu ítems with butter available as the sp-read" Fatty acid

composition of a eomposi.te mixËure of these faËs is shou¡n Ín Table 8.

except

for the

The experimental dieË was analogous to the mixed fat díet

that rapeseed oÍ1 and rapeseed oÍ1 margarine were substituted

fats conËained ín the mixed fat diet.

OF TEST FAT

Source and description of test fats used in the mixed fat diet
ate listed in the footnoËes of Table 7" High erucic acÍd rapeseed oil2
and specially prepared. rapeseed oi1 margarine3r"r. utilized as Ëhe

principle faËs in the experimental diet.

zc^prí vegeÈable oilo canad.a packers Ltd., st. Boniface, Manitoba.

'Co-op MargarÍne, made for Tnterprovincíal Co-operatives Ltd,, tr^Iinnipeg,
Manitoba, by canada Packers Ltd., st. Bonífaceu ManiËoba.

E" SOURCE
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Table 7

Composition of Fat Mixture

Ingredients Percent

'|

Butter -
)

Corn oil-
3

't AIIOT{

Parkay Margarine-
5

Larc

crisco shortening6

39.3

2r.5
7"r

LO "7
L4 "3
7.1

1rr'r".rrr" Brand, Canada Safeway Ltd., Winnipeg, Manitoba.

,'l[azoLa, BesE Foods Division, Canada Starch Co" Ltd", Montreal
Quebec "

?
'Bleached, clarífied, deodorized, Canada Packers Ltd", St. Boníface,
Manitoba.

/,,-Parkay Brand, Kraft. Foods LimiËed, Montreal 101, Quebec"

)Tenderflake Brand, Canada Packers Ltd., Toronto, OnËarío.

(."Crísco, Proctor and Gamble, Toronto' Ontario.
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Table B

Fatty Acid Compositíon of Fat Mixture

Fatty Acíd Z of. Total Fattv Acids

Octanoíc, C8:01

Decanoic, C10:0

Lauric, CIZ:O

Myristic, C14:0

Tetradecenoíc, CI4zI
Palmitic, C16:0

Palmitoleic, C16:1

Stearic, ClB:0

Oleic, CIB:1

Linoleic, CL8z2

o "37
0. B7

O. BB

3. B6

0.70

2L "47
r "78

11"02

37 "27
2T "14

1-Carbon Numb,ert number of double bonds.
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F" STORAGE OF DIETARY FATS AND OTHER FOOD ITM{S

Fats for both Ëhe mixed fat dlet and the experinental diet

were purchased in single lots and stored ln sealed containers. Non^

perishable food iËems were similarly bought in single lots and stored

at appropriate temperaËures. Fresh skin milk was purchased 3 times

weeklyu and a weekly supply of both bread (frozen until required) and

produce were bought from a single local source" All foods prepared in

advance !üere stored at -10oC.

G. ANALYSIS OF MENUS

A daily composite of each menu \¡ras made during the mixed fat

and experimenËal periods. Procedures used in preparation of the sampl-es

for analysiso extraction of total lipid, and fatty acid analysis were

essenËialIy the same as those reported by LeBlanc (1973). rn brief, the

meals for one day were composited, homogenízed ín a one-gallon capacity

blender, and an aliquot freeze-dried for analysis. Fat was extracted

usíng the meËhod. of Blígh and Dyer (1959). Fatty acíd methyl esËers,

prepared using BFr. as a caËalyst (Metcalf e, 1966) were resolved r¡¡ith an

Aerograph gas chromaËograph4 fitted with 2.7 m x 3.2 mm steel columns

packed with lO percent EGSS-Y organosílicone on 100/120 mesh GAS CHROM Q)"

Energy content of the diets was determined using a Par.r Adiaba-

tic Bonb Calorj.meter equipped with a ll I24I automatic type calorimeter

and a !Í L54L hlater heater6. Values deternined by bornb calorimeËry were in

-Mode1 174O-I, Varian Aerograph, 6358 Viscount Rd. Maltone ontario.
sApplíed Science Laboratories ïnc. u P.O. Box 440, State College,
Pennsylvania 16801.

11"Moder u30M, Parr rnstrument co. o 211 Fifty-third st, Moltne, nlþ'riois
61625.
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close agreement lriÈh calculated values CTable 9) 
"

H. BLOOD INVESTIGATION

Fasting blood samples were Ëaken at g:00 AM on Days rÞr0rL8"25"

32 and 39. Subjects úrere. instructed to fast for 10 hours prior to having

the blood samples taken. Blood was drawn from the anticubital vein of
each person into Ëhree 10 m1 BD vacutainer tubes (lt'47ro)7. e: ml sample (BD

vaçutainer Èube ll 4854)7 also was drawn. The latter was used for r,¡hole

blood analysis

Blood in Ëhe 10 m1 tubes was allowed Ëo clot aË roon temperature

for one hour and in a refrigeraËor for a further 30 to 40 ninutes. The

Vacutainer Ëubes trere then centrifug.dS 
"t 1400 x g for 10 rninuËes and

the sera removed. The sera üras centrifuged at 1400 x g for 5 mínutes to
reuove any contamínating red cells and the elear sera v¡as pipetted into
clean 10 n1 te6-t tubes. The sera r^ras separated ínto 2 ml lots and stored

at -4oc for further analysis. Each vial was flushed wiuh nitrogen before

stoÏage.

sera from each subject rnras anaryzed in dupricate for total
cholesËero1, triglyceride conËenË and lipid phosphorous by the neËhods

described be1ow. A standard9 t." run r,¡ith each set of deËerminations.

Seruu phospholipids were precipitated from acetone and the fatty acid

compositÍon determined by gas-liquid ctromatography.

7'lt 47ro canlab Laboratory EquipmenË, winnipeg, Manitoba.

foode1 HN-2368 P-20 cenËrifuge, rnternational Equipment co,, Needhae
Hts. o Massachusetts.

9Moni-trol r, LoË lf rlz" 135103, Dade Division, Anerican Hospitar supply.Corp., Miami, Florida 33152"
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Tahle 9

Total Daily Fat and Energy InËake

rar (g) ¡

Calculated
Analyzedl

Energy:

Calculated2
Analyzed3

Mixed Far . Experímental

Meriu Dav 1 Menu Day 2 Menu Day I Menu Day 2

119 118 120 119
LL4 ' 110. los 110

2963 2944 2977 3025
2918 3062 3OrB 3031

I-Analyzed using rhe procedure of Bligh and Dyer (1959).
)-calculated values, expressed in Kilocalories, using usDA Handbook //BComÞosition of Foods (I{att and Merrí1, I963)
?-ResulËs obtained by bomb calorimeÈry expressed i-n kilocalories"
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Henoglobin, hemaÈocrit *

cello retículocyte, leucocyt.e and

whole blood"

H.l-. Cheuical Analysís .

II.1"a" Serum

i. Total Cholesterol. The meËhod of Pearson et_ al. (L952;

1953) sras used Ëo determine total cholesterol. This nethod utilizes a

nodifíed Liebermann-Burchard reaction v¡hich. consists of treatÍng the

serum wiËh acetíc acid, p-tol-uenesulfonic acid, acetic anhydride and

sulfuri-c acid.

ii. Lj.pid Phosphorous. Phospholipids \.rere extracted according

Ëo the method of Chen et al" (l-956) except that only 0"2 nl of serum n¡as

used for the extraction of lipid. All determinatíons were made using a

Coleman Junior spectrophotomeËer. 10

iií" Serum Triglycerides" The nethod of Ryan and Rasho (1967)

was used for extraction of the serum triglycerides except that only 0"1 nl

of serum was used for each determinatíon. The saponification and color

reaction was done by the meËhod of Van Handel and Zilversmit (1957) wíth

the modífícation suggested by Van Handel (1961). A Unicam SP 600 Seríes 2

specËrophotometerll r"" used to read the samples.

loltodul ll 6È-36715, Coleuan Instrument rnc., Malnuoodu Illinois.

1ll,tod.l ll 465rr 
"

red blood cel1 fragility and red blood

platelet counts were deternined on Ëhe

Pye
I1

Unicam LËd., York St., Cambridge, CB12 PX, England"
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iv" Phospholipid Fatty Acíd Patterns" The procedure of Folch et al.

(1956) was used to extract Ëhe total lfptd fron 1"0 ml of serum. The

phospholipíds were precipitated accordíng to the method of Beare-Rogers

(L969). Methyl esters of the fatty acids viere prepared for analysis by

the method of Barnes and Halloday (1972) excepÈ that only 0.50 ml of

0.5 N methanolic NaOH was used. The stoppered vials were heaËed in a

waterbath at 80oC for 5 minutes, cooled, and 0 .25 mL of BF3/CHTOH soluEion

added directly to each vial. The contents \4rere reheated at BOoC for 3

minutes" After the vials had cooled, Nacl solution (1"5 ml) was added

and the rnethyl esters extracted by shaking with 0.50 ml of n-hexane"

The hexane layer was removed, concentraËed under nitrogen and injected

directly in the gas-liquid chromatograph"

The fatty acid methyl esters were

as previously described under section G for

log plots of carbon number versus retention

known standards12 r"r" used to identifv the

resolved by gas chromatography

Analysís of Menus. Linear-

time and comparison with

fatty acid methyl esters.

H.1.b. Whole Blood Parameters

Hemoglobin, hematocrit, red blood cell fragility, and red blood

ce1l, retículocyte, leucocyte and platelet counËs \¡7ere measured. All

analyses of whole blood parameters except red ce1l fragility were carried

out by the Hematological Laboratories, Health Sciences Centre, Winnipeg.

í, Red Cell Fragility, Red blood cell fragility was

determined according to the method described by Lynch et al" (1969) except

that only visual notation was made of the concentration at \^rhich hemolysis

began and the concentration at which hemolysis appeared complete.

12Hom.1 Institute, Lípids Preparation Laboratory, 80I-I6th Ave. N"E.,
Austin, Minnesota 559L2"
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H"2" Statistical Analysis

i^Ihole blood and serum parameter data were subjected to analysís

of varíance for a completely randomized block design according to Snedecor

and Cochran (1967). The Treatments sum of squares T^rere utilized in a

Ë-test to establish which of the treatments \¡/ere sígnificantly different

from one another" Data for total serum cholesterol and lipid phosphorous

were fit to response curves using the method of Snedecor and Cochran (1967)

to find Ëhe pattern of change that occurred during the rapeseed oil

period.

T. FAT BIOPSINS

Fatbiopsíes\^rere taken on the abdomen of two volunteer subjects

on the first and last day of the rapeseed oil díet" Samples v¡ere takerr

at the HealthSciences Centre, tr{Ínnipeg, and stored under hexane until

ana:-.yzed" For analysÍs the hexane was dried off and the samples saponifíed

and esterífied accórding to the method of Metcalfe et al. (L966) " Fatty

acid patterns r¡rere resolved as in Section G Analysis of MeJ-rus.
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RESULTS AND DISCUSSION

A. SUBJECTS

All subjects remained 1n good heal-th Ëhroughout the study" No

digescive upsets occurred, in contrast to observations of Tremolieres

eË a1'; (rg7r) v¡ho noted diarrhea wíth subjecËs given a single dose of

approxímately 30 g of rapeseed oir on an eüpty stomâch. The reason for
the difference bet$¡een Ëhís experiment and that of Tremolieres et al.
(1971) is probably due to Ëhe ueËhod of administering the fat; ingestíon

1n a míxed fat diet, versus a single oral dose of pure oí1.

Flatulence rÁras a problem for most subjecËs buË was not

attributed to dietary fat as ít was equally prevalenË-in the mixed fat
díet as the rapeseed oi1 dieÈ. Flatulence was attributed to the relatively
high amount (28.5 to 37"5 e/day) of EVP ín rhe díet. This producr conrains rhe

oligosaccharides raffinose, verbascose and sËachyose qrhich fermenË ín

the gut and markedly increase the vo1úne of inËestinal gas. The only

oËher subjecË complaint r¡ras a general listnessness. RepetiËion of the

2-day al-teratíon menu for 39 days may have been a factor.

Body weight remaíned essentíally constant during the experiment

(Table 3) and changes observed in serum 1ipÍd patterns were atÈributed

to dieËary fat sources.
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B. DIETARY FAT

Fatty acid patterns were very similar for Menus I and II for

both the mixed fat diet and the rapeseed oil dieË (Table 10) " Saturared

fatty acíds consÈituËed an average of 38 percent of the total, mono-

unsaÈurated another 41 percent, and polyunsaËuraËed fatty acíds 21 percent

ín the m:ixed fat díet. In contTast, the rapeseed oil diet contaÍned only

about 7 percent saturated fatty acids but 76 percenË uonounsaturaËed.

PolyunsaËuraÈed faÈty acids accounted for the other 17 percent. Both

the rapeseed oi1 and the rapeseed oí1 margarine contained relatively low

1eve1s of palmitic and stearic acids and ligh levels of eicosenoic and

erucíc acÍds (Tab1e 11) " The major difference in fatty acid composition

beLween the mixed fat and rapeseed oil diets was ín the amounts of these

four fatty acids that rhey contained (Table 12). The mixed fat diet

contained higher levels of pahnitic and stearic acids, litËle eicosenoíc

acid and no erucic acid. The ratio of saturated to ,rrr""ar.rtraed fatty acids

was 1:1'6 in the mixed fat diet whíle Ëhe saturated to monounsaturated

ratio: was 1:1"1. rn the rapeseed oí1 diet Èhe ratios vrere rzr2"9

saturated to unsaturated fatty acids and 1:10"6 saturated to monounsaturated

fatty acids"

C" SERUM PARAMETERS

C. I " Senrm Choles terol

Changes in seruru cholésËerol are presenËed in Tables 13 and

14 and Figure 1" SËatisËical- analyses of Ehese changes are presented in

Appendíx Tables 5.and 7. There hras a decrease i,n semm cholesterol'1evel of

ng/100 nl of blood durÍng Èhe pre-experimental rnixed fat períod

and a further significant decrease i-n serum cholesterol of 20 mg/1.C0 mlrof

blood"

13
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Tab1e 10

PercenË Fatty Acid Composition of Diets

Fatty Acid

Mixed Fat Rapeseed Oil

Menu I Menu rIï Menu I Menu II

1Myristic, C14:0-

Pahnitic, CI6:0

Palmitoleic, C16:1

Stearic, C18:0

0leic, C1B:1

Linoleie, CLBz2

Linolenie, C18:3

Eicosenoic, C20:1

Erucic, C22zl

3" 15

20.30

1. 82

13. 11

38" r9

17"11

r" 35

0"50

3"40

19"95

r "79
T2"T7

37 "26
L9.26

L.45

0"49

0"11

4"t2
o"2l
3.06

23 "34
IL "64

4 "92
12"72

39"05

0. 10

3"88

0 "2L
2"99

22 "79
LI "2L
5"02

12. 98

39. 19

1-Carbon number: number of double bonds.
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Table 1l

Acid'Cornposition of Rapeseed Oil
Rapeseed 0i1 Margarine

Farry Acid oí1 Margarine

1PalmÍtic, Cl6:0'
Palmitoleic, C16:1

Stearico C18:0

Oleic, C18:1

Linoleic, C18:2

Linolenic, CIB:3

Eícosenoic, C20:1

Erucic, C22zL

3"33

o"20

1.80

21"24

12"8L

6"80

14" 00

38 "77

3 "45
o "27
6 "56

29 .27

4 "78
2"96

12"61

35. 36

1-Carbon number: number of double bonds.
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Table 12

Prinary Differences in Fatty Acid Conposition
BetÞreen Mixed Fat and Rapeseed Oi1 Diets

Percent ComposiËion

Fatty Acid Mixed Fat Rapeseed Oil

1MyrisÈic, C14:0'

Palmític, C16:0

Stearíc, C18:0

Oleíc, C18:1

Linoleic, CLBz2

Linolenic, C18:3

Eicosenoico C20:1

Erucic, C22zL

Ratio, Sat.:Unsat.
Ratio, Sat. :Monounsat.

3.3

20.1

12"6

37 "7
18"2

L"4

0.5

I-: 1.6

1:1.1

0"1

4"0

3"0

23.L

L1.4

4"9

12"9

39. I

Iz12"9

1: 10.6

lC"rbon 
number: number of double bonds.
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level in the firs.t qeek of rhe rapeseed oil dier (Tahre 14; Appendix

Table 5). Serurq cholesterol values tended to plateau duríng the second

week of the rapeseed oÍ.1 diet (Day 18 vs 25, Table 14) and then rose

12 ng/ 100 ml of blood during the last week on the same diet (Day 25 vs

32' Table 14)" The overall effect of the rapeseed oil diet duríng the

22-ðay period I¡¡as a non-signifícant decrease in serum cholesterol of

10 ng/100 mt of blood. I^Ihen the experimental data r¿as fit to a response

curve according to the method of Snedecor and Cochran (1972) it ¡.'as

found to have a significant quadratic component (p = "05)" This is in

contrast to observations of LeBlanc (1973) who found a signÍficant (p = ,05)

linear decrease in serum cholesterol levels over the entire 22-dav

experimental period r'¡hen canbra oil was fed. In LeBlancfs study the over-

al1 decrease v/as 30 ng/ 100 ml of blood. In both studies reversion to the

mÍxed fat diet was accompanied by a signíficant increase in serum choles-

terol to 1evels sÍmí1ar to those ol¡served on Day 10" The changes in

pattern of response during the experimental period may thus be attributed

Ëo the dietary fat"

The pattern of change of serum cholesterol on the rapeseed oil

diet is analogous to observations of Malmros and l^iigand (1957) who noted

that cholesterol values dropped by 4O mg/100 ml of blood during the first

weekrplateaued duríng the second week, and rose by approxímately 10 ng/

100 m1 of blood during the thírd week on a diet in whích 40 percent of

calories were supplied by rapeseed oil contaíling 50 percenË erucíc acid.

Keys et al" (1965) have suggested Ëhat'changes in serum choles-

terol are directly related Ëo the percent of dietary calories contributed

by the differenË groups of faËty acíds" Their equation expressing the
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serum cholesterol level_ in response Ëo a change in
strmmarized as f o11ows:

rapeseed

SCrUIn

ÂC = 1"2(ZASÎ - Ap)

q¡here Âc ís the change in cholesterol level in mg/100 nI of blood,

ase is the change in totaL ctz to cl6 saËurated faÈty acidso

aP is the change in toËal polyunsaturated fatËy acids witha s?

and a P expressed as a percenÈ of toÈa1 calories ín the diet.
The decrease in cholesterol- of 10 ng/100 nl of blood in the

present sÈudy was considerabry less than the 30 mg/100 rn1 of blood

decrease observed by Malmros and Ï^ligand (Lg57) and LeBlanc (1973) for
subjects fed rapeseed and canbra oils respecËively over a similar 3-week

ex¡rerÍmental period" It is also 6 ng/100 nl of blood less Ëhan rhe 16 rog/

100 ml of blood change predícted by the equarion of Keys et al. (1965)

(Table 15). However Grand.e et ar" (Lg6z) found that rapeseed. oir gave a

mean serum cholesterol value B *g/too ml of blood greater çhan that
predicted by the same equaËion and suggested that the small difference

indícated that the 20 and 22 carbon monoenoic fatty acids

oil, Iíke oËher morDûenoÍc fatty acids, have little effecË

cholestero.l 1eve1 ,

of

on

C,2. Lipid Phosphorous

As with cholesterol, serum phosphorous values decreased on

the mixed fat diet vTith a furËher significanË decrease cluring the initial
2 weeks of the rapeseed oil diet, and then increased during the third
week of the rapeseed oi1 diet" Lípid phosphorous also increased duríng

the post-experímental nixed far diet (Tables L6,r7; Figure 2; Appendix

Tables 5,8)" The response of lipid phosphorous during Ëhe 39-day rrial
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thus coinci.des with reports of Erickson eË al. (L964), Mc Gand,y et a1.

(1970) and the observation of LeBlanc (1973) with canbra oil rhar Ëhe

paËtern of change of serum lipid phosphorous in response to a change in

diet composition is si-milar Ëo that of serum cholesterol. Although the

overall pattern of response during the 39-day study was similar for

cholesterol and lipid phosphorous there were several distinct differences

beÈween the Ëwo parameÈers. I{hen fit Ëo a response curve according to

the method of snedecor and cochran (L972) lipíd phosphorous datao ín

eontrast to cholesterol data, did not have a signíficant quadratic com-

ponent (p = "05)" I^Iith serum cholesterol the roajor decrease occurred.

during the first week on the rapeseed oil diet vrhereas \.rith lipid
phosphorous the greater decrease occurred during the second week of the

rapeseed oil diet (Figures 1 vs 2). As observed rrrith serum cholesterol,

levels of serum lipid phosphorous on Day 32 did noË differ significantly
fron Day 10 (Appendix Table 5) which is in contrasË to observations of

LeBlanc (1973) r¿ith canbra oil vrhere significant differences did occur

in 1ípid phosphorous levels between the first and last day of the rapeseed

oi1 diet. As r^¡ith cholesterol, on both this and the canbra oil study

reversion to the mixed fat diet resulted Ín a significant increase in

serum phospholipid (Day 32 vs 39, Appendix Tab1e5). The changes in

paËtern of response during the experímental period may thus be attributed

to the dietary fat.

C,3" Serum Tríglycerides

The overall pattern of response of serum triglycerides to

díet was simílar to that, observed for serum cholest.erol and lipid
phosphorous (Tabtes 18,19; Figure 3; Appendíx Table 5). Mean serum
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triglycerice levels dropped frorn Day 1 to Day 25 and Íncreased from

Day 25 to Day 39. However, Èhe only significant change in serum trigly-
cerfde levels in response to dietary Èreatuent was the decrease which

occurred at Day 10 vs 25 (Appendix Table 5) " As with serum cholesterol,

serum triglyceríde levels plateaued at Ëhis decreased level between Dav

18 andDaY 25 (Tab1e 19; Figure 3).

Cf,nsiderable variaËion was found among subjects and

the varíability was signif icant (Appendix Table 9 ). This is in accord r,¡iËh

observatíons of Losier (L972) and LeBlanc (1973) who found variation

in serum t.riglyceride levels among subjects to be significant when corn

oil and canbra oi1 were fed.

Grande et al. (Lg72) have suggested thaÈ stearic acid v¡ill
produce an elevation in serum tríglycerides, Although the mixed fat diet

!n the present study contained 4 tines as much sËearic acid as the rapeseed

oil diet (tab1e 12), Ëhere r,ras a greater increase in serum Ëriglycer-

Ídes duri-ng the last week of the rapeseed oil diet than during the post-

experimental period when the uríxed fat diet was again fed (Table 19) 
"

Furthermore, the magniËudes of change in Ëriglyceride 1evels in the present

study r^rere much greater than Ëhose observed by LeBlanc (1973) although

the differences ín dietary stearic acid levels between the nixed ánd

experimental fats v¡ere simil-ar in the two studies. It would have been

int.erest,íng to see if serum cholesterol, 1ípid phosphorous and triglyceï-
íde levels continued to rise had the rapeseed oil diet been fed for a

longer period of time.
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C"4" Phospholipíd Fatty Acid Patterns

The percent fatty acid composiËíon of serum phospholipid

fractions is shown ín Table 20. A substantial increase in oleic acid

was observed in response to the rapeseed oil diet" This change coincided

with the high amount of monoenoic fatty acids in rapeseed oil. Although

the long chain monoenoic fatty acids, eicosenoíc and erucic, comprised

approximately 52 percent of the dietary fatty acids (Table 10) only 3.9

percent of eicosenoic acid and 1.5 percent of erucic acid l^rere presenË

in the serum phospholipid fractíon after 22 days on the rapeseed oil diet"

I^ialker (L972) also noted low levels of erucic and eicosenoic acids in

the serum phospholipids of rats fed 30 calories percent rapeseed oil. A

decrease in palmitic and stearic acids in the present study in response

to the rapeseed oi1 diet coincíded with the 1o¡¿er levels of these acids

in this diet than in the mixed fat diet. A similar increase in oleic acid

and decrease in stearic and palmitic acids \{as noted on the canbra oil

study (LeBlanc, 1973). All fatËy acids reËurned to pre-rapeseed oil levels

r¿hen the mixed fat diet. was again fed"

D. I\THOLE BLOOD PARAMETERS

Individuals vary considerably in their levels of different

blood constituents. Normal hemoglobin values may vary from 13"5 to 18"0

g/I00 ml of blood, hematocriË from 4O to 54 percent and red blood cell

count from 4.5 to 6.5 nillion/cu nm of blood (Dacie and Lewis, 1963)"

Similarly there is a wide normal range for reticulocytes " O"2 to 2 pet-

cent of the red blood cel1s; for leucocytes, 4,to 10 thousand/cu um; and

for plateletso 150 to 300 thousand/cu um of blood (Dacie and Lewis, 1963).

Thus for all of these parameËers individuals may differ by more than 25
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Table 20

Percent FaËËy Acid CourpositÍon of Serurn phospholÍpíds

Day

Farry Acidl L02 322 39

Palmitíc, C16:0

Palmitoleic, C16:1

Stearic, C18:0

01eic, ClB:1

Linoleic, C18:2

Linolenic, C18:3

Eícosenoíc, C20:1

Eícosatrienoic, C20:3

Arachidoníc, C2O:4

Erucic , C22".I

30"2

1,5

L4 "9
14 "3
26 "9

sl" Èr"

2"0

,-'

2r "4
L.4

12"0

23 "7
24 "4

1.0

3"5

1.6

6"2

1.5

31 .3

16" 1

L4.2

26 "4
tr"
1.8

2"2

6"4

lC"rbon 
number, ,rrr*b.r of double bonds

zr^y= on.which dietari/ regimen was changed. DÍets included:
l) nixed fat diet, Days 1-9 inclusive and Days 32-39 inclusive, and2) rapeseed oil diet, Days 10-31 ínclusive.
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percent and still be considered normal. Fígures 4 to

levels of individual subjects for 5 btood componerits

experiment. IË ís interesting to note Lhat the 1evel

for an individual, relative to the 1evel of the same

other subjects r,las suprisingly consístent.

D"l" Hemoglobín, HematocriË and Red Ce11 Count

g show the mean

over the 39-day

of each component

componenË for the

Hemoglobin is an iron-containing pigment which occurs in the

red blood ce11s and is commonly used to assess the physiological state

of these cells" Hematocrit. is the percent of blood volume comprised by

the celIs" One would thus expect hemoglobin, hematocrit and. red cell

count to follow similar trends over a period of time as was the case in

the present study (Figures 9 to 11). There T/¡as a significant decrease for

aI1 three parameters between Day 10 and Day 18 and a significant increase

between Day 18 and Day 25. values decreased again for all three para-

meters beËv/een Day 25 and Day 32 but the decreases \¡rere statistically

signíficant (p = 0.05) only for hematocriË and red. cell count. There was

a signífícanË overall decrease for the three parameters between Day l0

and Day 32 and a non-significant increase between Day 32 and Day 39

(Tables 21 to 26; Appendix Tables 611orl1r12), Diet alone d.oes noË appear

to explain Ëhe changes observed. If the diet were the only factor affecting

the changes one would have expected either a progressive increase or

decrease during the experímental period" However, in the present study

values for hemoglobin, hemaËocrit and red ce1l- counË decreased from Day

10 to 18, increased from Day 18 to 25 anð. then decreased again frou Day

25 xo 32" Other factors such as water retentíon, dehydraËion afËer muscular

activíËyr muscul-ar acÈivíËy iÈself and different enotíonal sËates also
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are knor¡rn'Ëo affect these parameËers (i.rinËrobe, L956; Dacie and Lewis,

1963). rn light of the number of facËors affecting blood parâmeters it
is surprising that the paËtern of change for the three parameters $/as

so consistent for all subjects in the present study (Tabres 22rz4126)"

Perhaps it is suffice to observe thaË all values for henoglobin, hemato-

criÈ and red cell count were well within Ëhe normal range.

D.2" Retículocyte Count

ReticulocyÈes aïe imrnature red. bûoo.l cel1s which normallv
constitute 0"2 to 2"0 percent of the ÈoËal number of red blood ce1ls
(Dacie and Lewis, 1963). There was considerable variability among subjects
in the ínitial reticulocyËe count although all values were rvithin the

normar range (Tabre 273 Fígure r2). rn contrast to Abdellatif et ar.
(L972) who found increased reticulocyte counts in Ëhe bl-ood of ducklings
fed rapeseed oil, values remained essentially constanÈ for each individual
during feeding of the rapeseed oil diet and no significant changes

occurred in this perÍod (Tables 27 "zB; Fígures 7,r2; Appendíx Tables 6,

13). Although the uean reÈiculocyte count was signíficantly higher at
Day 39 than aË Dav 25 and 32 (Appendix Table 6) Ëhe higher mean

value at Day 39 r¿as priurarily due to the relacívely high values for
subjects SK and RD.

D.3" Leucocyle Count

Leucocyte count descríbes the number of whíte blood cells/cu mm

of blood. Results of leucocyte counts taken during the sËudy are shown

Ín Tables 29 and 30 and Figure 13 statÍstical analyses of the counrs are

summarized in Appendix Tables 6 and 14. Leucocyte counËs decreased
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signifícantly during the second r¿eek of the rapeseed period and then

remained constant during Ëhe third week on this diet. The facË that

leucocyte corrrlts increased appreciably for all subjects when the mixed

fat diet was again fed suggesËs that the decrease in leucocyte count

noted during the rapeseed oil period was rerated to dietary fat. The

normal range for leucocyte count is between 4 and 10 thousand/cu mm of

blood (Dacíe and Lewis, 1963). As shown in Table 29 vaLues throughout

the study ranged from 2.5 to 5.8 thousand/cu um of blood. I^/introbe (1956)

has suggested that leucocyte values below 5 thousand per cu nìrn of blood

indicate leukopenia, årl abnormally low 1evel of leucocytes in the blood.

As all the subjects r,rere active and healthy at al1 times during the

experiment the meaning of the observations in the present study is no¡

clear "

D.4" Platelet Count

The normal concentration of platelets ín, the blood is between

150 and 300 thousand/ cu rnm of blood (Guyton, L}TL). platelet counts

above 150rO0O/cu mm of blood rlrere considered normal in the present study.

Counts between 120 and 150 thousand were classed lor¿-normal and counts

below 120 thousand were considered low. Table 31 summarizes plate1et.

counts of subjects during the 39-day trial. There vras a definíte and

apparently Progressive drop in platelet counts between the fiïst day of

the rapeseed oil period, when all 7 subjects had. normal plaÈelet counts,

and the last day of the rapeseed oil period., when 5 of the subjects were

classed as 1ow and the other 2 subjects as low-normal"During the 1aËter

parÈ of Ëhe rapeseed oil period subject TT experienced severa] nosebleedso

while petechial he'r'morhages on the back r¡¡ere reporLed by subjecË RU.
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Both condiËíons had been experienced by the subjects in the year prior

Èo the study buË had noË been noÈ.íced for several months. In addition,

a large hematoma developed around the site where a fat biopsy was taken

fron subject cG on Day 32. plateleËs play a major role in the blood

clotËing process (Guyton, I97I). The decrease in platelet counËs observed

for all subjecËs on the rapeseed oil diet may thus account for Ëhe nose-

bleeds and hernmorhages observed in this study. Platelet counts rose for
all subjecËs when the mixed fat diet was again fed (Table 3l) so ít is
probable that decreases ín platelet count. were related Ëo dietary fa¡
source. Ïhe nosebleeds and petechial henmorhages disappeared during the

posË-experimental mixed fat period.

D"5. Red Cell Fragiliry

Red cell fragility is frequently taken as an indication of

membrane inËegríty. Although increased permeability of red blood cells
has been reported for ducklíngs and guinea-pígs fed high levels of rape-

seed oi-l (Abdellatif and vles, 1970), red cel1 fragility did nor change

during the present. study. Hemolysis was firsL observed at 0.45 percenc

NaCl and was complete aË 0,30 percenÈ NaCl.

Feeding of rapeseed oil aË levels providing 36 percent of the

total calories had no deleteríous effects on hematology except for a

decrease in platelet counts. After feeding canbra oil aË the same level

and for the same period of time, LeBlanc (1973) concluded that canbra oil
also had no deleterious effect on blood hemat.ology. A1Ëhough noË discussed

by LeBlanc, platelet counËs ü7ere normal throughout the canbra.oÍ1 study.
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E. FAT BIOPSIES

Abdominal fat biopsies vrere Ëaken from two volunteer subjects

on the first and lasË day of the rapeseed oi1 diet with the objecË of

seeing if erucie acid was deposited in depot fats. Erucic acid. was not

present in the initíal sample of either subject. After 22 days on the

rapeseed oi1 diet erucic acid made up 0.4 percent of the toÈal fatty

acids of one subject and 2"05 percent of the total fatty acids of the

other subjecË (Table 32). By contrast, erucic acid was found to make up

7 to L2 Percent of total carcass fatty acid.s of rats fed a diet containing

20 percent rapeseed oil (37 percent erucic acid) for 3 months (Craig et al",

i963) and of turkeys and chickens fed rapeseed oil at levels of l0 percenË

of the diet for 6 weeks (Salmon, 1969ab) " It is inÈeresting ro note rhat

the ratios of eicosenoic acid to erucic acid were similar in both animals

and man even though much less of each fatty acid was deposited in the

human. In the present study none of the fatty acids changed by more than

2 percent duríng Ëhe experímental period. Subject weight vras controlled

during the experiment so the amount of fat laid dov¡n r^'ould be minímal .

Variance also may be due to differences in lengËh of time on Ëhe diet or

to the stages of physiological developmenË of each of the different

species involved" It is possible hor,,¡ever that the faxty acids of rapeseed

oil are deposited at dífferent. levels in the body fat of humans and the

careass fat of other species.
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Table 32

Percent FaËty AcÍd Compositíon of Fat Biopsy Samples

Subject CG Subject SK

FatËy Acid nay 101 nay 322 lay 101 Day 322

cLauric, CL2:0'

MyrÍstíc, C14:0

Palmitíc, C16:0

Palnítoleic, C16:1

Stearicu ClB:0

Oleic, CIB:1

Linoleic o CLB:Z

LÍnoleníe, C18:3

EÍcosenoic, C20:1

Erucic, C22zL

0.54

3"05

2L"63

4.00

6 "73
44"24

15"42

o"57

L"32

0. 84

3.15

22.60

3.7 7

6.09

45.36

L4 "82
1" 09

r.o2
0.40

0. 60

2" 80

20"80

4.50

6"60

42"60

15"90

0"90

'-'o

0"86

2"9L

19,00

4;33

6. L6

40.87

16"s9

1.66

2"67,

2"05

loay 
10

znay 
3z

3c"rboo

: firsÈ day of

: last day of

number; number

rapeseed oil dieË"

rapeseed oí1 diet.

of double bonds"
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SUMMÁ:RY AND CONCLUSTONS

The present. study investigated the effecË of rapeseed oil on

serum lipíd paËterns and r¿ho1e blood constiËuents of normal male subjects

when rapeseed oil provided about 36 percenË of Ëhe total calories in a

mixed diet" The study consisted of a 39-day metabolíc trial and included

an Ínitial- 9-day stabilízaËion períod throughout which a mixed fat díet

was fed, a 22-day experimental period when the subjects received a rape-

seed oi1 díet, and an 8-day follow-up period when subjects vrere again

fed the mixed fat dier"

There Ì{as a mean decrease in serum cholesterol level of 13

mg/100 ml of blood during the pre-experimental mixed fat period and a

furËher significanf decrease in cholesterol of 20 urg/lOO m1 duríng,the

first r^reek of the rapeseed oil dieË. Serum cholesterol values tended to

plaÈeau during the second week of the rapeseed oil diet and Ëhen increased

by L2 ng/100 m1 during the last week of Ëhe seme diet. The pattern of

change of serum cholesterol on the rapeseed oil díet ís analogous Èo

that observed by Malmros and wígand (1957) who noted a decrease of 40

ng/100 nl in serum cholesterol during the first week, no apprecíable

change during the second week and an increase of approximately I0 mg/100

nl during the Ëhird week on a diet in which 40 percent of calories r¡¡ere

supplíed by 50 percenË erucic acid rapeseed oil, but it is in conÈrasË

to observations of LeBlanc (1973) who found a significant (p = .05) linear

decrease in serum cholesterol levels over the entire 22-day experíroental

period when canbra oil was fed. The change.in serum cholesterol observed

during the rapeseed oi1 period in the present sËudy and that predicted
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by the equation of Keys et al" (1965) suggesÈs that the 20 and 22-carbon

monoenoic fatty acids of rapeseed oí1, like other monoenoic fatty acids,

have little effect on serun cholesterol. Reversíon to the mixed fat diet

\nras accompanied by a significant increase in serum cholesterol.

Although Èhere were differences among changes in serum cholesterol,

lipid phosphorous and triglyceride levels, the overall pattern of response

of the three parameters I¡zere similar throughout the study. Serum levels

of all three decreased during the first r¿eek on the rapeseed oÍ1 dieË,

tended to plateau during the second r,¡eek and. then íncreased slightly during

the last week on this diet. As a result the overall change during the

22-day experimental period was not sígnificant. for any of these parterns.

Reversion to the mixed fat diet \¡ras accompanied by an increase in trigly-

cerides and a signifícanÈ increase in serum lipid phosphorous 1eve1.

The response of lipid phosphorous during the study thus coincides with

reports of Erickson et al. (\964), McGandy eÈ al. (1970) and Le Blanc (1973)

that the patËern of change of serum lipid phosphorous in response to a

change in díet eomposition is similar to that of serum cholesterol. The

overall pat.tern of response for serum lipids during the study ü¡as attribu-

ted to dietary fat, source.

Eicosenoíc and erucic acíds made up very litt.le of the serum

phospholipid fraction (5"4 percent) after 22 days on Ëhe rapeseed oil

diet even though these fatty acids comprísed 52 percent of the dietary

faxty acíds" The decrease in saturated fatty acids and the increase in

oleic acid observed in the phospholipids reflecÈ the low level of saturated

and high level of monounsaturaÈed fatty acids in the rapeseed oil diet.

A rapid turnover of phosphoLipids in the serum is suggested as the changes
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which occurred. on Ëhe rapeseed oi1 diet returned to pre-rapeseed oil

leve1s afËer only one week on Èhe uixed fat dieË. Erucíc acid was found

in fat biopsies of 2 subjects after 22 days on Ëhe rapeseed oil diet

but the levels were 1ow; erucÍc acid uade up 0"4 percenË of total fatËy

acids of one subject and 2.05 percent of total fatty acids of Ëhe other

subject. As weight of the subjects was controlled during the experÍment,

1iÈt1e fat would be expecÈed to be laid down and only minimal changes

would be expected in Ëhe fatty acíd compositíon of adipose tissue. The

fact that body weight r¿as controlled in the presenË experiment may partially

explain the difference in level of erucic acid found ín the depot fat of

man and oÈher animals. In general, Ëhe depot fat of animals fed rapeseed

oil has been found to contain 7 to 12 percenË erucíc acid. Tn this study

none of the fatty acids changed by more Ehan 2 percent during the experi-

menËal period.

Statistically significant changes in hemaËology occurred during

the experimento but all values for henoglobin, beûå.tocrit, red cell counË

and reticulocyte counË were withín the ranges consídered normal for the

adult male. Although increased perueability of red blood ce1ls has been

reported for ducklings and guinea-pigs fed high leveIs of rapeseed oi1

(Abdellatif and Vles, f970), Ëhere Tôrere no changes in red cell fragility

during the present study. Hemolysis was first observed at 0.45 percent

NaCl and was complete at.0.30 percent NaCl. Leucocyte courits decreased

significantly during Ëhe second r¡eek of the rapeseed oil period and then

remained constanÈ duríng the third week on Ëhis same diet. The fact that

leucocyte counts increased appreciably for all subjects when Êhe nixed

fat diet was again fed suggests that the decrease in léucocyte counË

noted during the rapeseed oil period was relaËed to dietary fat.
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Leucocyte counËs were below normal aË most periods throughouË Ëhe enËire

39-day trial period. The meaning of these observations is not c1ear.

Platelet counts vrere norual for aIJ- 7 subjects on the first day of the

rapeseed oi1- period but counts progressívely decreased durÍng the 22-day

experimental period to rrhere counts for 5 subjects v¡ere low and 2 subject,s

were low-normal. Platelet counts above 150r000/cu Etrn vrere considered

normal in the present study. Counts between 120 and 150 thousand were

classed lot¿-norm¡l and counts below 120 thousand were consídered low.

Nosebleeds, peËechial henrmorhages and a hemaÈoma at the siÈe v¡here a fat

biopsy was taken hlere reported during Ëhe last week of the rapeseed oí1

períod" These condit,ions disáppeared during the posÈ-experiuenÈal mixed

fac diet. The fact that platelàt counts returned Ëo normal in 5 of the

subjects when the mixed fat diet was again fed strongly suggests that

the decrease in platelet count during the experímenËal period was relaËed

to the rapeseed oi1"

Rapeseed oi1 provided 36percent of the dietary caloríes of

7 healthymale subjecÈs for 22 days. Except for the drop in platelet count,

no marked effecËs in metabolism were observed insofac as metabolism is

reflected.by changes in serum lipid patterns and whole blood hematology"
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Appendix Table 5

t-testl I Serum Parameters

Day Cholesterol- Triglyceride Lípíd Phosphorous

10 vs 18

10 vs 25

10 vs 32

10 vs 39

18 vs 25

18 vs 32

18 vs 39

25 vs 32

25 vs 39

32 vs 39

2.64

2,90

NS

ns

NS

NS

3.69

NS

3 "96
2.37

NS

L.96

NS

ns

NS

NS

NS

rrs

NS

NS

NS

2"45

NS

2.24

NS

NS

3"06

ns

4.69

3.67

I-ProbabiliËy of chance occurrence = 0.05.
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Appendix Table 6

It-tesÊ-: hlhole Blood Parameters

Day
Hemo-
globin

Hemato-
crit.

Red cel1
counË

ReËículo-
cyte count

Leuco-
cyte count

10 vs 18

10 vs 25

10 vs 32

10 vs 39

18 vs 25

18 vs 32

18 vs 39

25 vs 32

25 vs 39

32 vs 39

2. L7

J.JJ-

2"17

fts

6.33

NS

NS

5.50

4" 50

NS

2"86

5"7L

2"86

NS

8"56

NS

ns

B"s7

7 "14
NS

NS

2"92

3. 33

2.50

3.75

4.17

rìs

tts

5.42

5"83

3. s4

ns

2"53

2.O2

2,02

NS

ns

NS

NS

NS

NS

ns

ns

NS

ns

ns

NS

NS

3.13

2,50

I-Probabílity of chance occurrence = 0.05.
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