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The experiment was designed to elucidate the effects of feeding four dietary oils (corn, hazelnut, olive, and fish),
and cholesterol supplementation on plasma, liver lipids, and aortic smooth muscle response to drugs. Male
Sprague Dawley rats were fed semipurified diets containing one of the above oils (15% wt/wt), either with or
without cholesterol supplementation (1% wt/wt), for 20 days. Hazelnut oil-fed rats showed the highest plasma
total cholesterol level, while animals fed fish oil exhibited the lowest plasma total and high density lipoprotein
cholesterol concentrations. Hepatic cholesterol content was not affected by dietary oils. Liver lipids increased
when dietary cholesterol was added to any of the oils used. Acetylcholine pD, was elevated in fish oil- and
hazelnut oil-fed rats, but rats fed all dietary oils showed maximal relaxation. Cholesterol supplementation reduced
aortic maximal relaxation caused by acetylcholine. These results indicate that the type of dietary oil and cholesterol
intake differentially raise plasma and liver lipid levels and modulate aortic smooth muscle response in the rat.

(J. Nutr. Biochem. 5:446-450, 1994.)
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Introduction

Dietary fats and endogenous lipids produced by endothelial
cells play central roles in the regulation of vascular tone.!
It has been shown that dietary lipids affect the response of
vascular smooth muscle.? Thus they may contribute to the
prevention or development of various diseases.

Neurohumoral agents and mechanical factors stimulate
vascular endothelial cells to release vasoactive substances
that modify vessel tone. Among them are prostacyclin and
nitric oxide (NO), known as endothelium-derived relaxing
factor (EDRF), the major physiological regulator of basal
blood vessel tone,** and contracting factors.”

The contractile response of aortic smooth muscle is re-
lated to the development of cardiovascular disease, affecting
thrombus formation and atherogenesis.8® Vascular endothe-
lial cells release EDRF after stimulation by a variety of
substances, including polyunsaturated fatty acids (PUFA).

This work was supported by the Direccién de Investigacion, U. de Valparaiso
(Proy. 13/91) and FONDECYT (Proy. 430/92).

Present address for Dr. Vinet is Laboratory of Cell Biology and Genetics,
NIDDK, National Institutes of Health, Bethesda, MD USA.

Address reprint requests to Dr. Mariane Lutz at the Escuela de Quimica y
Farmacia, Universidad de Valparaiso, Casilla 92-V, Valparaiso, Chile.
Received October 21, 1993; accepted February 10, 1994.

446 J. Nutr. Biochem., 1994, vol. 5, September

It has been demonstrated that PUFA are readily taken up
and incorporated into endothelial lipids, where they may be
converted to active metabolites.'® As a result, EDRF relaxes
smooth vascular muscle and inhibits platelet aggregation
and adhesion.

Several studies show that hypercholesterolemia alters
vascular reactivity. This altered response is mediated by an
endothelium-dependent relaxation induced by a variety of
vasodilator agents, including acethylcholine (ACh), and en-
hanced contractile response to agents such as norepineph-
rine, serotonin, or K + depolarization,!-!3

Atherosclerosis impairs endothelium-dependent vasodi-
lation, contributing to vasoconstriction and arterial spasm,
which may be related to decreased EDRF-NO production
or release, among other mechanisms.'>'s In nutritionally
induced atherosclerosis, endothelium-dependent relaxation
is markedly reduced, while lyso phosphatidylcholine (LPC)
is significantly increased, in the aorta.'¢ It has been shown
that oxidized low density lipoprotein (ox-LDL) inhibits en-
dothelium-dependent arterial relaxation, with LPC being the
main substance produced during oxidative modification,
which inhibits the production and/or release of EDRF-NO
and promotes the inactivation of EDREF after its release.!?

Taking into consideration that dietary fats may modulate
the response of vascular smooth muscle, the present study
was undertaken to examine the effects of the intake of four
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dietary oils that supply different amounts of fatty acids, on
the reactivity of aortic ring segments in the rat. We further
examined whether these parameters were affected by choles-
terol supplementation. The comparison of all dietary treat-
ments can provide useful information on possible changes
of aorta response due to the nature of the fat.

Methods and materials
Animals and diets

Male Sprague Dawley rats, 90 to 110 g initial body weight, (Uni-
versidad de Valparaiso Breeding Unit, Valparaiso, Chile) were
housed individually in wire-mesh cages in a room regulated for
temperature (21 * 2° C), humidity (45 to 50%), and light/dark
cycles (12 hr). Animals were randomly fed, ad libitum, for 20 days,
one of four semi-synthetic diets containing 15% (wt/wt) olive oil
(OO0, Cianepa, Valparaiso, Chile), corn oil (CO, Mazola, Llay-Llay,
Chile), hazelnut oil (HO, ACENAT, Santiago, Chile), or fish oil
(FO, Pesquera Quintero, Quintero, Chile) as the only lipid source,
with or without cholesterol (C) supplementation (1%, wt/wt). The
other ingredients of the diets were (wt/wt): casein (20%}), d1-methio-
nine (0.3%), mineral mix'® (4%), vitamin mix'® (1%), corn starch
(20%), cellulose (5%), and sucrose (34.7%) (non-supplemented
diet); or sucrose (33.7%) and cholesterol (1%) (supplemented diet).
The treatment groups were as follows: CO, CO + C, HO, HO +
C, 00, OO0 + C, FO, and FO + C. The fatty acid composition
of dietary oils is shown in Table 1. Methylesters of fatty acids'® were
quantified by capillary gas-liquid chromatography in a Hewlett-
Packard 5890 Series II model (Palo Alto, CA, USA) equipped with
a 25-m HP-FFAP column (0.2 mm L.D. coated with polyethylene-
glycol-TPA film), a temperature program, a flame ionization detec-
tor, and a model 3396 Series II integrator.

Methods of analysis

After an overnight fast, eight animals per group were exsanguinated
from the abdominal aorta under ethylether anesthesia and the liver
was removed, washed with cold saline, excised, blotted, weighed,
and frozen. Plasma and liver lipid concentrations were determined
spectrophotometrically using commercial kits (E. Merck, Darm-
stadt, Germany) as previously described.* Another six animals per
group were killed by a blow to the head, and two ring segments

Table 1 Fatty acid relative composition of dietary oils

Fatty acid Olive ail Corn ol Hazelnut oil Fish oil
(9/100 g)

14:0 — — — 9.1
16:0 12.6 10.4 19 26.1
16:1 0.9 — 20.2 10.7
17:0 — — — 1.1
18:0 1.7 2.1 0.8 4.8
18:1 74.7 28.8 39.4 19.2
18:2 10.0 52.2 6.9 2.7
18:3 0.3 2.8 2.7 0.3
18:4 — — — 3.8
20:0 — — 1.6 —
20:1 — 1.8 10.5 1.4
22:0 — 2.1 33 —
22:1 — — 1.7 —
20:4 n-6 — — — 1.1
20:5 n-3 — — — 13.8
22:5n-3 — — — 1.0
22:6 n-3 — — — 3.6

Table 2 Food intake, weight gain, and relative liver weight of rats

Dietary fat Food intake Weight gain Relative liver weight
(9/day) (g/day) (9/100 g body wit)

00 18.0 £ 0.5 62 + 02 3.5 + 01

00+C 194 + 09 65 = 04 42 + 02

CO 16.1 = 0.6 74 £03 3.6 + 0.1

CoO+C 16.6 = 0.4 73 £ 03 45 + 01

HO 18.0 = 0.6 69 + 04 3.8 £ 02

HO+C 18.6 = 0.5 77 £ 04 42 + 041

FO 16.7 £ 0.6 6.9 + 0.3 4.0 = 041

FO+C 157 £ 0.6 6.3 + 0.4 4.4 + 01

Results are mean = SEM (n = 14). OO, clive oil; CO, corn ail; HO,
hazelnut oil; FO, fish ail; C, cholesterol. There was no significant differ-
ence in values from rats fed different oils.

Effect of cholesterol supplementation (Student’s t test):

00/00+C NS NS P < 0.001
CO/CO+C NS NS P < 0.001
HO/HO+C NS NS NS
FO/FO+C NS NS NS

of the thoracic aorta (5 mm) from each rat were immediatly mounted
on 30-mL organ baths simultaneously as described elsewhere.'”'®
Vascular response was measured on ring strips of aorta by maximal
tension (T,.,) developed isometrically with KC1 (70mM) and phen-
ylephrine (Phen) (10~"M), and maximal relaxation (Ry,,) obtained
with acetylcholine (ACh) (10-°M).2"22 In every ACh dose-response
curve the dose producing 50% of the R, (EDs) was calculated
according to the method of Fleming et al.?* and was expressed as
the percentage of T, obtained by Phen (10-"M) in each ring or
pD,. All drugs were purchased from Sigma Chemicals Co. (St.
Louis, MO USA)

Statistics

The data are reported as mean = SEM. The significance of differ-
ences among the various groups studied was calculated using one-
way analysis of variance (ANOVA) and Tukey test for multiple
comparisons. Values assigned a different superscript letter were
significantly different at P < 0.05. The values of cholesterol supple-
mented and nonsupplemented diets were compared using Student’s
t test.

Results

As shown in Table 2, all groups of rats consumed similar
amounts of food and there was no significant difference in
weight gain among the groups during the 20-day feeding
period, although animals fed OO grew at a lower daily rate.
In spite of the different trends observed in dietary intake
and growth rate, the final body weight of all animals was
similar, and none of these parameters was affected by choles-
terol supplementation. The type of dietary oil did not affect
the percentage of relative body weight of liver (g/100 g
body wt). On the other hand, the enrichment of diets with
cholesterol elevated liver relative weight in all groups, reach-
ing statistical significance in OO+ C and CO+C fed ani-
mals. The highest increase in relative liver weight was
observed in CO + C fed group.

Table 3 summarizes the concentrations of plasma lipids.
Feeding the FO diet significantly reduced plasma total and
HDL cholesterol. Total plasma cholesterol level was the
lowest in the marine oil-fed group, even after dietary choles-
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terol supplementation. On the contrary, the highest plasma
cholesterol level was observed in rats fed the HO diet, with
and without the addition of cholesterol. There was no differ-
ence in the concentration of plasma triglycerides among the
groups.

Figure 1 shows the hepatic levels of cholesterol. The
concentration of this lipid was similar in the liver of all
groups fed non-supplemented diets and increased with cho-
lesterol intake in animals fed vegetable oils. This effect of
high vegetable fat diets containing cholesterol is in
agreement with previous findings.?°

The results of the vascular smooth muscle reactivity pa-
rameters are shown in Table 4. The maximal tension (T,,,,) of
aortic ring segments after KCI and Phen-induced contraction
was similar in all experimental groups, although animals fed
FO did not exhibit significantly lower values. There was a
100% relaxation response (R,.,) in arteries from animals

Table 3 Plasma lipid concentrations in rats

Diet Total HDL Triacylglycerides
Cholesterol
(mmol/L)
00 2.34 + 0.092 1.93 + 0.0 1.12 = 0.16
00+C 1.84 = 0.18 1.39 + 0.12 0.83 = 0.14
CcO 2.46 = 0.10° 1.99 + 0.112 1.22 + 0.12
CO+C 2.20 = 0.16 1.36 = 0.05 114 = 0.12
HO 3.41 + 0.32° 2.00 = 0.20° 1.40 + 0.22
HO+C 2.71 £ 012 2.33 + 0.12 1.28 = 0.09
FO 1.27 = 0.10° 1.11 £ 0.08° 1.14 = 0.17
FO+C 1.61 £ 0.17 1.46 + 0.14 0.91 = 0.13
Results are mean + SEM (n = 8). OO0, olive oil; CO, corn oil; HO,

hazelnut oil; SO, sardine oil; C, cholesterol. Values assigned different
superscript letters were significantly different according to ANOVA and
Tukey’s test; P < 0.001.

Effect of cholesterol supplementation (Student's ¢ test):

00/00+C P < 0.01 P < 0.01 NS
CO/CO+C NS P < 0.001 NS
HO/HO+C NS NS NS
FO/FO+C NS P <0.05 NS

Table 4 Aortic ring segments reactivity parameters

fed all dietary oils. However, pD, was higher in rats fed FO
or HO compared with rats fed CO or OO. Dietary cholesterol
supplementation decreased R, in animals fed OO +C or
CO + C versus the respective non-supplemented groups (P
< 0.05). Rats fed OO +C also showed an increase of pD,
compared with the group fed OO (P < 0.05).

Discussion

Although the rat is resistant to the development of experi-
mental atherosclerosis, it is a suitable animal model to evalu-
ate the effects of nutrition on the action of pharmacological
agents on vascular preparations. In a recent study of the
concentration-response curves for n-3, n-6, and n-9 fatty
acids on precontracted aortic rings, it was proposed that the
fatty acid-induced relaxation of the rat aorta is specific to
long chain PUFA of the n-3 and n-6 families.?* In the current
communication, the comparative effect of the dietary intake
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Figure 1 Liver cholesterol level of rats at the end of the 20-day feeding
trial (mean + SEM, n = 8). OO, dlive oil; CO, corn oil; HO, hazeinut
oil; FO, fish ail; C, cholesterol supplementation. Columns not sharing
a common letter differ (P < 0.001).

Dietary fat Tnax Rimax pD;
KCt Phen
(mg tension/mg tissue) (%)

00 743.0 = 59.0 470.8 + 53.5 100.4 + 0.7 7.74 + 0.08
00+C 667.8 £+ 18.0 362.6 + 42.2 955 + 17 8.05 + 0.11
CcO 7599 + 524 360.3 + 44.1 1001 + 1.2 7.63 + 0.06°
CO+C 8406 + 1938 336.9 + 50.5 89.3 + 4.3 7.58 + 0.08
HO 944.7 + 108.0 370.0 £ 72.7 100.2 + 0.9 7.99 £ 0.11°
HO+C 826.4 + 53.4 2442 + 229 999 = 1.0 7.98 + 0.14
FO 692.0 + 455 2974 + 52.9 100.7 £ 1.0 8.07 + 0.07°
FO+C 686.9 + 357 341.6 £ 43.5 99.9 + 1.1 7.85 + 0.07

Results are mean = SEM (n

6). OO, dlive oil; CO, corn oil; HO, hazeinut oil; FO, fish oil; C, cholesterol

. Values assigned different superscript

letters were significantly different according to ANOVA and Tukey's test; P < 0.01.

Effect of cholesterol supplementation (Student's ¢ test):

00/00+C NS
CO/CO+C NS
HO/HO+C NS
FO/FO+C NS
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P < 0.05 NS
NS NS
NS NS
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(for a 20-day period) of four dietary oils with different
relative fatty acid composition on vascular reactivity parame-
ters is described.

The supply of fats to the endothelial cell is dependent on '

the circulating lipids, thus it is of interest to determine the
plasma levels of lipids. Oleic acid has been described as
hypocholesterolemic in a similar way to PUFA such as lino-
leic and a-linolenic acids.? In the current communication,
OO intake exhibited an equal effect on plasma cholesterol
levels to CO, rich in linoleic acid. On the other hand, HO
is a source of various species of monounsaturated fatty acids
(MUFA) besides oleic acid, which could explain why rats
fed this oil exhibited significantly higher plasma cholesterol
levels than all other experimental groups. FO, which is a
source of long chain n-3 PUFA, lowered plasma cholesterol
levels as expected® (Table 3). The addition of cholesterol
to the experimental diets lowered plasma cholesterol levels
in vegetable oil-fed animals, reaching statistical significance
in the OO + C group. These findings are similar to previous
observations and correlate well with the accumulation of
cholesterol in the liver.2-2!

Our results indicate that, in spite of the different dietary
supply of fatty acids, maximal tension (T,,) and relaxation
(R, Of aortic ring segments submitted to the same experi-
mental conditions were not affected by the quality of dietary
fat. However, pD, was significantly higher in the aorta of
rats fed FO. This is attributed to the high content of n-3
PUFA in the marine o0il,>' which is in agreement with the
enhanced relaxation described in coronary arteries of ani-
mals fed diets rich in these fatty acids.>> On the other hand,
the higher pD, value obtained after HO feeding was an
unexpected finding because this oil is very rich in MUFA
that would not exert a direct effect on vascular reactivity,'°
as observed after olive oil intake. Taking into consideration
that the relaxation induced by ACh is fully dependent on
the endothelial activity, pD, is not exclusively related with
EDRF (NO) activity but is also dependent on the interaction
of ACh with its receptors in the endothelial cell, among
other factors. Thus, the intake of high amounts of different
MUFA could have caused a modification of the membrane
proteins associated with the drug-receptor interaction.

Mixed diets are not only a source of fatty acids but contain
cholesterol as well. In rabbits, a short-term high cholesterol
diet leads to structural and functional vessel wall changes
related to high serum cholesterol levels, accompanied by
increased reactivity to noradrenaline.? The endothelium-
dependent relaxation to ACh is impaired in the thoracic
aortas from rats with induced atherosclerosis, while choles-
terol feeding alone does not impair the relaxing response to
ACh, indicating that the impairment is not due to hypercho-
lesterolemia per se.?” In rabbit aortas, it has been shown that
atherosclerosis induces higher production of prostacyclin
and EDRF (NO), although its activity may be decreased.?® In
the present communication, it is noteworthy that the highest
plasma cholesterol level was observed in rats fed HO, and
it was not related to a measurable impairment of aortic
relaxation. On the contrary, aortic ring segments of animals
fed HO and FO exhibited similar pD, values, while the
plasma cholesterol levels differed significantly between
these two groups. Aortic ring segments from rats fed OO + C
or CO + C diets had lower maximal relaxation (R,,,,) to ACh

than the respective non-supplemented counterparts, indicat-
ing that cholesterol intake affected this response in a manner
dependent on the dietary fat intake as a whole.

The present findings indicate that dietary fats (type of
oils and cholesterol intake) influence the response of aortic
smooth muscle to certain agents, participating in blood vessel
changes that may play important roles in the pathogenesis
and/or progression of atherosclerotic lesion and vasospasm.
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