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Objective- To assessthe effect of different typesof i-
pid dietson the lipid metabolism of aging rats.

Methods- Fifty maleWstar ratswerestudied fromthe
timeof weaningto 12 and 18 monthsof age. Their dietswere
supplemented asfollows: with soybean oil (S), canola oil
(CA), lard and egg yolk (LE), and canola oil + lard and
egg yolk (CA + LE). Blood pressure (BP) was measured
every month, and the heart/body ratio (H/BR) was deter-
mined. The rats were euthanized at the age of 12 and 18
months, and blood sampleswerecollected for lipidanalysis
asfollows: total cholesterol (TC), LDL-C, VLDL-C,HDL-C,
triglycerides (TG), and glucose.

Results- Thetypeof oil ingested by theanimalssigni-
ficantly altered BP, H/BR, and serumlipid levelsinratsat
12 and 18 months. No differencewasobservedinthesurvi-
val curve of the animalsin the different groups. The LE
group had the highest BP, and the CA group wasthe only
oneinwhich BP did not changewith aging. Areductionin
the H/BRwas observed in the LE and CA+LE animals. At
the age of 12 months, differencesin TC, HDL-C, LDL-C,
VLDL-C, TG, and glucose wer e observed. At the age of 18
months, asignificant differencein TC, HDL-C, and glucose
was observed. The highest TC value was found in the CA
group and the lowest in the Sgroup.

Condusion-NoincreaseinBP occurred, and animprove-
ment wasevident inthelipid profile of ratsfed a diet supple-
mentedwith CA, inwhichandevationin HDL-Cleve swasob-
served, ascompared with leveswith theother typesof diet.
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Some experimental studiesin animals have reported
that an increase in cholesterol ingestion resultsin an
elevation in the serum levels of cholesterol 3, with a
resulting increaseintherisk of cardiovascul ar diseases®.

The n-3 fatty acids arelong-chain polyunsaturated
fatty acids naturally found in fish oilsand in some plants.
Thefatty acids of then-3 family arethefollowing: eicosa-
pentaenoic acid (EPA) (C20: 5n-3), docosahexaenoic acid
(DHA) (C22:6n-3),anda-lindlenicacid (aL A) (C18: 3n-3) %°.
Themetaboliceffectsof EPA and DHA area ready very well
shown, but evidence of the metabolic effectsof aL A is
increasing. theal A isafatty acid derived from vegetables
andisfoundin soybeans, canola, saffron, and peanut oils”.
After being ingested, aL A may be desaturated and altered
into other forms of long-chain polyunsaturated fatty acids,
suchasEPA and DHA 8°. Canolaoil isanimportant option
for dietary sources of the n-3 fatty acid family, mainly for
vegetarians and individualswho do not eat fish %°.

Connor reported the possible effects of the inges-
tion of n-3fatty acidsonlipid metabolism: (1) inhibition of
VLDL synthesis, (2) decreaseinapolipoprotein B synthesis,
(3) increasein VLDL catabolism, (4) decreasein LDL
synthesis, and (5) decreasein postprandial lipemia.

Lipoproteinsared osdly relatedtotherisk of cardiovascular
diseases, asfollows: low-dengty lipoproteins(LDL ) indicatean
increasedrisk, andhigh-dengity lipoproteins(HDL ) areconsi de-
red aprotectivefactor 2%, When therisk of cardiovascular di-
seaseswasconsderedafunctionof HDL-Cand LDL-C, theindi-
denceof cardiovascular diseasesincreased with theincreasein
the concentration of L DL -C and thedecreasein the concentra-
tionof HDL-C*. BothLDL-CandHDL-Careindependent risk
fectorsfor cardiovascular diseases®®. Thisisimportant inesta:
blishing the conditionsthat influencethe changesin LDL and
HDL levesthroughoutlife.

Duetothegreat geneticvariability andthedietary ha-
bitsof human popul ations, the experimental model with rats
proved adequate for experimental studies*¢%°, Itisim-
portant to note that thereisagenera similarity betweenthe
cardiovascular system of ratsand that of other mammals,
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maninclusive®. Despitethedifficulty inproducing hyper-
lipidemiaand atherosclerosisinrats, specia dietsmay indu-
ceanincreaseintheserumlevelsof cholesterol,andalsoin-
ducearterial hypertension or renal diseases?, such astho-
sereported in our team'’s previous studies 2%,

The objective of thisstudy isto investigate the possi-
bleinfluenceof 4 experimental dietswith different typesof
fat on the cardiovascular indicators and on the lipid meta-
bolism of ratsduring aging.

M ethods

Westudied 50 maleWistar ratsobtained from colonies
maintai ned by the Universidade do Estado do Rio de Janei-
ro. Theresearch followed the guidelinesestablished in the
Guidefor Careand Useof Laboratory Animalspublished by
theUSNationa Institutesof Health (NIH Publication No.
85-23revisedin1985).

The animalswere placed in polypropylene boxes, in
groupsof 5, maintained at acontrolled temperature (21+1°C)
and humidity (60+10%). The environment underwent
lightness-darknesscyclesof 12 hours(artificial lightfrom7
Am to 7 pm) and cycles of air exhaustion (15 min/h). The
groups received unrestricted water and the same baseline
diet composed of casein, wheat flour, starch, egg white, and
amixture of vitaminsand minerals. All dietshad the same
compositionasfollows: 47% carbohydrates, 29% lipidsand
23% proteinswith 11.5% dietary fibers, and 0.05% sodium
(or 500 mg/kg of diet). Thecaloric valuesof thedietswere
practically thesame. Thedietswereprepared onceaweek in
the laboratory and stored at atemperature of +4°C. De-
pending on the group, the diet was supplemented with dif-
ferent typesof lipidsasfollows: soybean oil (Sgroup), ca-
nolaoil (CA group), lardandeggyolk (LE group), andca
nolaoil +lardandeggyolk (CA + LEgroup).

Theanimalsreceived their dietsbeginning at thetime
of their weaning at theage of 21 days. For each group, at le-
ast 5 animalswere euthanized at 12 and 18 months of life.
Tail Blood pressure (BP) wasmeasured with apressureple-
thysmograph (RTBP1007, Kent Scientific Co., Litchfield,
CT, USA) once amonth. Total body masswas also asses-
sed at the same frequency.

At the expected time, the animal s were euthanized
after they had fasted from 7 pm of the previous evening.
They wereanesthetized with diethyl ether. Their thorax was
opened and a blood sample was collected from the right
atrium. Then, 3 mL of 10% K Cl wasinjected into the | eft
ventricleuntil cardiac arrest indiastoleoccurred. Theheart
waswithdrawn by sectioning the great vessels, as short as
possible; cardiac volume and weight were determined by
fluid displacement (Scherle's method) 2. The heart/body
ratio (H/BR) was determined by dividing the respective
weights.

Thefollowing biochemical parameterswereanalyzed:
total cholesterol (TC), triglycerides (TG), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), very-low-density lipoprotein choles-
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terol (VLDL-C), andglucose. Plasmawasseparated fromtotal
blood by centrifugation at roomtemperaturefor 15 minutes
with 120 gramsof gravity, and, then, it was stored at atem-
perature of -80°C until being analyzed in thelaboratory +#’.
Glucosewasmeasured using theenzymatic method withi kit
Art. 07.3757.7 (U.S#42954); cholesterol wasmeasured with
the cholesterol kit 1.19738.0001 KgaA 64271, Multi-Test
Cadlibration System, Merck Cat. n°1.19720.0001 (Darmstadt,
Germany); HDL wasmeasured usingthe DIASY Skit Cat. n®
10.351.030; triglyceridesweremeasured using thetriglyce-
ridekit 1.19706.0001 KgaA 64271, Multi-Test Calibration
System, Merck Cat. n°1.19729.0001 (Darmstadt, Germany).
TheLDL, VLDL, andchylomicronfractionswereabundan-
tly precipitated by the addition of phosphotungstic acid in
thepresenceof magnesiumions. After centrifugation, HDL -
C, which was maintained in suspension, was determined.
LDL-Cwascalculated accordingto Friedwal d’sformula?.
TheMantel-Haenszel test (T) wasused for comparing
thesurvival curvesof theanimalsin thedifferent groups. If
thenull hypothesisweretrue, T wasanalyzed with x2 distri-
bution (chi-squarewith 1 degree of freedom) . Descriptive
statisticswerecalculatedfor all parameters. Thedifferences
betweenthegroupsweretested 2 by 2 using thenonparame-
tricMann-Whitney test with asignificancelevel of 0.05%,

Results

Theresultsare summarizedintablel andinfigures 1
and 2. Thetypeof oil ingested by theanimalssignificantly
altered BP, H/BR, and serumlevelsof lipidsinratsat 12 and
18 monthsof age. No significant differencewasobservedin
the survival curve of the animals considering the different
groups.

VariationsinBPareshowninfigurel. Attheageof 12
months, the L E group had the highest. The differenceswere
significantinthefollowing group comparisons: SversusLE
(+17%), CA versusL E (+16%), and L EversusCA+PY (-18%).
Attheageof 18 months, theincreasein BPintheL E group
waseven moremarked, andthe CA+ L E group al so showed
anincreasein BP. The differenceswere significant in the
following group comparisons: SversusL E (+29%), Sversus
CA+LE (+12%), CA versusLE (+32%), CA versusCA+LE
(+15%), and LE versusCA+LE (-24%).

A comparison of theresultsat 12 and 18 monthsrevea
led that the CA group wasthe only onein which achange
inBPwasnot observed with aging. Theother 3groupssho-
wed anincreasein BP. The Sgroup showed a10%increase,
theLEgroupa23%increase, andthe CA+LE groupan 18%
increase.

VariationsinH/BRareshowninfigure2.

Attheageof 12 months, no significant differencein H/
BR was observed in the following groups: SversusLE
(+43%) and CA versusLE (+31%).

At the age of 18 months, no differencein H/BR was
observed in the groups studied.

Comparingtheresultsat 12 and 18 monthsinthe Sand
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Tablel - Results (mean+SD) of the concentration of glucose and serum lipids at 12 and 18 months of age in rats fed diets supplemented with different
typesof lipids. Differ encesbetween agesand the groupswer etested with the nonparametric Mann-Whitney test.
Group Body weight (g) Glucose(mg/dL) Cholesterol (mg/dL)
12 18 12 18 12 18
S 560.6+46.7 540.5+93.0 171.17+20.72 146.49+54.77 82.94+15.12 92.25+8.14
CA 450.2+70.7 456.8+190.1 129.54+11.89 147.20+69.19 88.76+8.14 119.40+24.42
LE 369.9+76.9 499.9+135.8 120.36+27.93 141.98+58.56 103.10+23.25 101.94+20.93
CA+LE 426.5+160.0 538.4+98.5 144.32+16.40 99.64+237.84 65.12+10.47 101.94+7.75
Comparisons between ages
S NS NS NS
CA NS NS 0.003
LE NS NS NS
CA+LE NS 0.05 0.003
Comparisons between groups
SxCA 0.008 NS 0.02 NS NS 0.005
SxLE 0.008 NS 0.03 NS NS NS
Sx CA+LE NS NS NS 0.03 0.03 0.05
CAXLE NS NS NS NS NS NS
CA X CA+LE NS NS NS NS 0.008 NS
LEx CA+LE NS NS NS NS 0.008 NS
Group HDL (mg/dL) LDL (mg/dL) VLDL (mg/dL) TG (mg/dL)
12 18 12 18 12 18 12 18
S 22.04+3.48 23.95+2.70 69.91+22.49 36.31+7.72 94.78+40.74 78.83+28.34 207.23+89.46 170.95+62.00
CA 27.46+3.48 37.47+5.41 101.20+15.45 27.42+12.36 92.12+31.89 123.11+63.77 201.06+69.09  270.15+139.06
LE 13.52+2.32 20.86+1.54 102.36+16.22 45.96+25.88 50.49+23.02 79.72+50.34 111.60+49.60 173.60+98.32
CA+LE 16.61+3.86 24.72+4.63 42.49+14.68 37.47+£16.99 89.46+19.49 91.23+41.63 194.86+42.52 200.18+91.23
Comparisons between ages
S NS 0.05 NS NS
CA 0.006 0.001 NS NS
LE 0.004 0.009 NS NS
CA+LE 0.02 NS NS NS
Comparisons between groups

SxCA 0.05 0.0007 0.03 NS NS NS NS NS
SXLE 0.02 NS 0.03 NS 0.05 NS 0.05 NS
Sx CA+LE 0.05 NS NS NS NS NS NS NS
CAXLE 0.008 0.0007 NS NS 0.05 NS 0.05 NS
CA x CA+LE 0.008 0.003 0.0008 NS NS NS NS NS
LEx CA+LE NS 0.05 0.0008 NS 0.02 NS 0.02 NS
NS- non significant; TG- triglycerides. Groups: S- soybean group; CA- canola il group; LE- lard and egg yolk; CA+LE- canola oil.

CA groups, no alterationin H/BR wasobserved with aging.
A reduction in H/BR was observed in the LE and in the
CA+LEgroups. TheL Egroup had an86%reductionandthe
CA+LEgroupa37%reductioninH/BR.

Variationsinbody weight areshownintablel. Atthe
ageof 12 months, asignificant differencein body weight oc-
curredinthe SversusCA (-20%) groupsandinthe Sversus
LE (-34%) groups. At theageof 18 months, no differencein
body weight occurred inthegroupsstudied. Comparingthe
resultsat 12 and 18 months, no differencewas observed.

Glucoseand serumlipidlevelsareshownintablel.

At the age of 12 months, differencesin TC, HDL-C,
LDL-C,VLDL-C, TG, andglucosewereobserved. Differen-
cesweresignificant amongthefollowinggroups: for TC, S
versusCA+L E groups(-22%), CA versusCA+L E groups(-
27%), and LEversusCA+L E groups(-37%); for HDL-C, the
highest value wasin the CA group (+25% thaninthe S
group, +103% than in the LE group, and +65% thanin the
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CA+LEgroup), thelowest HDL -CvauewasfoundintheLE
group, and the differences between Sversus L E groups (-
39%) and SversusCA+L E groups(-25%) werea sosignifi-
cant. Attheageof 12 months, all groups, exceptthe CA+LE
group, hadincreasedlevelsof LDL-C. LDL-Cleveswerehi-
gherintheLEgroupandlowerinthe CA+LEgroup, but sta-
tistically significant differences occurred in thefollowing
comparisons: Sversus CA groups (+45%), SversusLE
groups(+46%), CA versusCA+LE groups(-58%), andLE
versusCA+LE groups(-59%). VLDL-Cand TG asohadthe
samepattern of variation; thehighest valuesof VLDL-Cand
TG werefound inthe Sgroup, and the lowest inthe LE
group. At theage of 12 months, the Sgroup had the heavi-
est animals. Significant differences occurred inthefollo-
wing comparisons: SversusL E groups(-47%for VLDL-C
and -46% for TG), CA versus L E groups (-45% both for
VLDL-CandTG), and LE versusCA+LE groups(+77%for
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Fig. 1- Variationsin blood pressure at the ages of 12 and 18 monthsin ratsfed diets supplemented with different types of lipids. NS-nonsignificant; TG-triglycerides. Groups: S-
soybean group; CA-canolagroup; LE-lard and egg yolk; CA+LE-canola+ group. Thelower caseletters on the barsindicate, when different, statistically significant differences

(P<0.05).

VLDL-Cand+75%for TG). Attheageof 12 months, glyce-
miawasalteredinthedifferent groups. The highest glucose
level wasin the S group, and the lowest in the LE group;
significant differences, however, occurred only inthe Sver-
susCA (-24%) andin SversusL E (-30%) groups.

At theageof 18 months, asignificant differencewasfo-
undinthelevelsof TC,HDL-C, andglucose. Thehighest TC
valuewasfound inthe CA group, and thelowestinthe S
group; significant differencesoccurredin SversusCA groups
(+29%) and SversusCA+L E groups(+11%). For HDL-C, the
highest valuewasinthe CA group, and thelowestinthe LE
group; significant differencesoccurredin SversusCA groups
(+57%), CA versusLE groups (-44%), CA versus CA+LE
groups (-34%), and in LE versus CA+L E groups (+19%).
Glucosewasdifferent only in SversusCA+L E groups(-37%).
LDL-C,VLDL-C,and TG showednosignificant differences.

Comparing the results obtained at 12 and 18 months,
inregardto TC, no variation wasfoundintheSand LE
groups. The CA and CA+LE groupsshowed thefollowing
increases. +35%inthe CA groupand +57%inthe CA+LE
group. Inregard to HDL -C val ues, the S group showed no
variation. Intheremaining groups, HDL-Clevelsincreased
asfollows: +37% inthe CA group, +54% inthe LE group,
and+49%inthe CA+LEgroup. LDL-Clevelsdecreasedin
all groups, exceptinthe CA+LE group, asfollows: -48%in
the Sgroup, -73%inthe CA group, -55% inthe LE group.

The CA+LE group wasthe only one to show adifferent
pattern; LDL-C levelsdid not changein the ages studied.
VLDL-Cand TG levelsdid not changeinthegroupsstudied.
For glycemia, the S, CA, and LE groups showed no varia-
tion; in the CA+LE group, areduction in glycemiawas
observed at theageof 18 months(-31%).

Discussion

We observed that the diets supplemented with diffe-
rent dietary lipidsinfluenced serumlipidlevels. Theexperi-
mental dietsinour study contained 3to 10timestheamount
of lipidsrecommended for thenormal diet of rats®!, which
wererequiredfor determining alterationsinthelipoproteins
of rats, which areanimal sresistant to hyperlipidemia®.

Aging by itself affectsthemetabolismof lipids. Inrats,
no difference was reported in total cholesterol levels
between 2 and 12 months of age, but asignificant increase
intotal cholesterol wasobserved at the age of 24 months®,
which isin accordance with our study that showed an
elevationinserumlevelsof TCandHDL-Cattheageof 18
months. Despite the great variationsin the blood bioche-
mistry of the animals of the different groups at different
ages, theva uesfound werewithinthe 95% confidenceinter-
va of thevaluesconsidered normal for maleWistar rats*.

Increased LDL-Clevel sand decreased HDL-Clevelsin
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Fig. 2- Variationsintheheart/body ratio at 12 and 18 monthsof agein ratsfed diets supplemented with different types of lipids. NS- nonsignificant; TG-triglycerides. Groups:
S-soybean group; CA-canolagroup; LE-lard and egg yolk; CA+LE-canola+ group. Thelower caseletters on the barsindicate, when different, statistically significant dif-
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theanimal sreceiving pork fat and yol k werenot unexpected
when compared with thoseintheother groups, and thisresult
isinaccordancewith apreviousstudy onthissubject 2. The
differencesintheserumlipidlevelsof theratsinthe Sand
CA groups may result from the composition of the fatty
acids of these 2 dils. The soybean oil has approximately
50% linoleic oil (LN) (18:2n-6), and the canolaoil hasa
mixture of oleic and alpha-linolenicacid (aLA). Theoleic
acid doesnot competewith aL A inthe conversion of long-
chain polyunsaturated fatty acids (n-3). McLennan and
Dallimore®reported that the el evated content of LN found
in the soybean oil may reduce the efficiency of aLA and
they suggested that the LN/aL A ratio might determinethe
efficacy of theconversioninto eicosapentaenoicacid (EPA)
and docosahexaenoicacid (DHA).

Babaet a * suggest that the presenceof aL A incanola
oil may contributetoitseffectinreducing TGand TClevels.

Glycemiadoesnot usually changeover time®. Inour
study, thealterationsin glycemiacomprised anincreasein
the glucoselevelsin the Sgroup at the age of 12 months,
probably dueto body massgainthat occursat thisage, and
areductionintheglucoselevelsinthe CA+LE group at the
age of 18 months. This group had no alteration in body
massduring aging. Theabove-cited aterationsinglycemia
had no relation tothetypeof lipidingested or totime.

Tota cholesterol seemsto be moreinfluenced by time
than by thetypeof lipidingested. HDL-C, however, wasthe
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lipoprotein most influenced by thetypeof dietary lipid. The
CA group hadthehighest levelsof HDL-Cbothat 12and 18
monthsof age. Thisfindingissupported by thestudy carried
out by K obatakeet a *, who assessed thelipid metabolism of
ratsingestingamixtureof polyunsaturated fatty acids(PFA),
n-3 FA inclusive. The other groups studied also had an
increaseinHDL-Clevelsover time; thisincrease, however,
wasnot asmarked asthat inthe CA group.

A significant increasein lipoprotein levelsusually
occursduring aging, particularly, in LDL-C levels. The
progressiveincreasein the concentration of LDL-C during
aging representsahigher risk for cardiovascul ar diseases?%,
whichwasobservedinthisstudy withrats. Inour study, the
experimental dietswith pork fat and yolk (LE group) and
withcanolaoil + pork fat and yolk (CA+L E group) contained
3%and 1.5%dietary cholesterol, respectively; however, the
most affectedwereL DL-CandHDL-Clevesinthedifferent
groupsand at both ages. Different from that which happens
in humans, intheratsin the present study, areductionin
LDL-Candanincreasein HDL-C occurredwith age.

Another important aspect of the analysis of the
influenceof dietary oil onthelipid metabolismof ratsisthe
polyunsaturated/saturated fatty acid ratio (PFA/SFA). An
elevated PFA/SFA ratioisbelievedtoreduceserumlipidle-
vels?. Monounsaturated fatty acids (MFA) haveal so been
reported to reduce serum lipid level saseffectively asdoes
PFA 637, The PFA+MFA/SFA ratio, however, hasbeen con-
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sidered an even better indicator of theeffect of dietary oil on
serum lipids#. Canolaail, pork fat, and yolk contain a hi-
gher amount of MFA than does soybean ail. In this study,
thedietsintheCA, LE, and CA+L E groupscontained 58%,
50%, and 53% MFA, respectively. According to the PFA+
MPFA / SFA hypothesis, the canolaoil, which contains 92%
MFA+PFA, may favor asignificantincreaseinHDL-Cwhen
compared with that of other groups. Soybean oil hasasmall
amount of MFA (26%), ahighamount of PFA (61%), anda
relatively high amount of MFA+PFA, which, however, is
smaller thanthat in canolaoil.

Huang and Chang * studied the effects of different
types of dietary oils containing fixed ratios of fatty acids
(PFA/SFA =1, PFA+MFA/SFA =5.7 and 4) inratsand ob-
served that MFA may increase, instead of reduce, TC, TG,
LDL-C, and hepatic cholesterol. A higher PFA/SFA ratio
was reported to be possibly better #7. In the present study,
however, theanimalsinthe CA and Sgroupshad differen-
cesin serum lipids, despite the similar PFA/SFA ratios of
their diets. A moredetail ed discussion about the composi-
tion of the dietswas reported in a previous study by this
team %, Of thelipidsusedinthisstudy, the PFA+MFA/SFA
ratiowashigherinthe CA group (11%) andlower intheLE
group (2%), which may indicatethe existence of apossible
relation between PFA+MFA/SFA and HDL-C. The PFA
content was lower in the LE (15%) and CA+LE (21%)
groups, relatively highinthe CA group (33%), and higherin
the Sgroup (61%). The PFA/SFA ratio was 4.4 in soybean
oil and 4.1 in canolaail, indicating that no relation exists
between PFA/SFA and serum lipidsin rats. The PFA/SFA
ratiointhe Sand CA groupswas5timeshigher thanthatin
theCA+LE (0.8) and LE (0.4) groups.
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Inregard to the biometry of theanimals, dietssupple-
mented with different dietary lipidsinfluenced BPand H/BR
inratsat 12 and 18 monthsof age. Thetypeof dietary lipidis
knownto affect BP. Dietswith agreat amount of saturated
fat may increase BP, whiledietswith higher amountsof po-
lyunsaturated and monounsaturated fat may reduce BP9,
A cholesteral-richdiet primarily causespressureoverload ®,
whichmay explaintheBPincreaseobservedinanimalsfeda
diet supplemented with lard and egg yolk. In our study,
even though the sodium content wasthe sameinthe4 expe-
rimental diets, theanimalsin the LE group had higher BP
levelsat the age of 12 months, and thisincrease was even
more marked at the age of 18 months. The animalsin the
CA+LE group, which had no BP alteration at the age of 12
months, had anincreasein BP at the age of 18 months.

Theanimals' body mass had great variations over
time; theanimalsintheLE groupwerelighter at theageof 12
months than the rest of the animal's, and thosein the S
groupweretheheaviest. However, at theage of 18 months,
thisdifferenceinbody weight nolonger existed.

Finally, wemay suggest that noincreasein BPoccurs,
but the lipid profile of ratsfed adiet supplemented with
canolaoil for along timeimprovesand theratsexperience
anelevationintheHDL -Clevelsascompared withratsfed
the other types of diets.
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