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Abstract

The effects of chylomicron remnants on endothelium-dependent contraction of rat aorta were studied in vitro. Chylomicron
remnant particles were prepared in vivo from male Wistar rats and were incubated with aortic rings for 45 min before
concentration contraction response curves were constructed to phenylephrine. Both native and oxidised chylomicron remnants
significantly increased vessel sensitivity to this agonist. Oxidised chylomicron remnants also significantly increased the maximum
response. This potentiation was abolished by endothelial removal, but was still evident in the presence of Nv-nitro-L-arginine, with
or without cyclo (D-a-aspartyl-L-prolyl-D-valyl-L-leucyl-D-tryptophyl) (BQ-123), indomethacin or superoxide dismutase. The study
demonstrates, for the first time, that lipoprotein particles of dietary origin potentiate vascular contractions. This effect is
endothelium-dependent, but is not due to inhibition of basal nitric oxide production or to stimulation of endothelin, superoxide
or a cyclo-oxygenase-derived product. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

In addition to the fact that vessels from atheroscle-
rotic and hypercholesterolaemic animals demonstrate
impaired agonist-induced endothelium-dependent relax-
ation, it has been reported that these vessels also show
potentiation of vascular contraction which is dependent
on the presence of their endothelium [1]. These effects
are thought to be attributable to accumulation of
cholesterol from lipoproteins, namely low-density lipo-
protein (LDL), within the artery wall. Previous studies

have failed to show a significant effect of native LDL
on endothelium-dependent contraction [2,3]. However,
when the particles are oxidised, the modified LDL has
been found to cause potentiation of responses to vaso-
constrictor agents in an endothelium-dependent manner
in rabbit femoral artery, porcine coronary artery and
rat aorta [2–4], supporting the putative role of oxida-
tive modification in the atherosclerotic process [5].

Evidence from previous studies on endothelium-de-
pendent contraction performed using vessels from
atherosclerotic and hypercholesterolaemic animals and
oxidised LDL has suggested that the observed potentia-
tion of these responses is due to inhibition of the basal
release of nitric oxide (NO). In rabbit aorta, hyperc-
holesterolaemia has been shown to potentiate contrac-
tions to acetylcholine which are normalised by dietary
L-arginine supplementation [6], and increased 5-hydrox-
ytryptamine (5-HT) and noradrenaline-induced con-
tractions observed in atherosclerotic rabbit aorta have
been found to be normalised by addition of Nv-nitro-L-
arginine (L-NOARG) [7]. Furthermore, oxidised LDL-
induced potentiation of contractions to 5-HT in porcine
coronary artery, and phenylephrine (PE) in rat aorta is
abolished in the presence of L-NG-nitroarginine [4,8].

Abbre6iations: EDCF, endothelium-derived constricting factor;
EDHF, endothelium-derived hyperpolarising factor; 5-HT, 5-hydrox-
ytryptamine; IDM, indomethacin; KHS, Krebs–Henseleit solution;
LDL, low density lipoprotein; L-NOARG, Nv-nitro-L-arginine;
MDA, malondialdehyde; NO, nitric oxide; PE, phenylephrine; SOD,
superoxide dismutase; TBARS, thiobarbituric acid reactive sub-
stances.
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These findings support the idea that inhibition of re-
lease of NO is the mechanism causing the endothelium-
dependent potentiation of the action of vasoconstrictor
agents observed in vessels from atherosclerotic and
hypercholesterolaemic animals. However, in many of
these vessels, distinguishing between receptor-mediated
NO release and basal release of NO by the vascular
endothelium is difficult as many vasoconstrictor ago-
nists also activate receptors on the endothelium to
stimulate NO production [9,10].

All previous investigations into the effect of lipo-
proteins on endothelium-dependent contraction have
focused on LDL, despite the increasing implication of
dietary lipoproteins in the atherogenic process. Chy-
lomicron remnants have been shown to accumulate in
both the rabbit and rat aorta in vivo [11–14], and
apolipoprotein E-containing lipoproteins have been
found in human aortic intima [15]. In addition, it has
been shown that chylomicron remnants are metabolised
by components of the artery wall, such as macrophages,
fibroblasts and smooth muscle cells [16–18], and signifi-
cant correlations have been found between elevated
plasma chylomicron remnant concentrations and inci-
dence of coronary artery disease [19,20]. Furthermore,
recent work in our laboratory has found chylomicron
remnants to inhibit endothelium-dependent relaxation
in rat aorta, via an inhibitory action on the L-arginine-
NO pathway [21,22], findings supported by similar
studies in rabbit aorta [23].

Tonic basal NO production can be assessed in the rat
aorta by studying the contractions of this vessel to the
selective a1-adrenoceptor agonist, PE in the presence
and absence of an inhibitor of NO synthase [24,25]. No
receptors for PE that are linked to NO release have
been detected on the rat aortic endothelium. The aim of
the present study was to investigate the effects of
chylomicron remnants on basal NO production in the
rat aorta.

2. Materials and methods

Male Wistar rats (300–350 g) were used throughout
this study. They were housed under constant climatic
conditions (temperature 21–22°C, relative air humidity
5095%, constant 12-h day length) with free access to
food and water.

2.1. Preparation of chylomicrons and chylomicron
remnants

Chylomicrons and chylomicron remnants were pre-
pared in vivo as described previously [21]. Rats were
tube-fed with 1.5-ml corn oil, supplemented with a-to-
copherol (4 mg ml−1) as an antioxidant. After :1 h,
anaesthesia was induced (sodium pentobarbitone, 60

mg kg−1 body weight i.p.) and analgesic administered
(carprofen, 5 mg kg−1 body weight s.c.), before
the thoracic duct was cannulated with polyethylene
tubing (external diameter 1.52 mm) and the chyle col-
lected overnight into a tube containing 2 mg ampicillin
as a preservative. Following collection, the chyle was
layered under NaCl solution (d 1.006 g ml−1) and
centrifuged in a fixed-angle rotor for 6×105 g · min
at 12°C. The top fraction containing large chylomicrons
(particle diameter\100 nm) was harvested and am-
picillin in 0.9% saline was added (final concentration,
100 mg ml−1). For the in vivo preparation of chylomi-
cron remnants, rats were anaesthetised (sodium pento-
barbitone, 60 mg kg−1 body weight i.p.) and a
functional hepatectomy was carried out by ligation of
the anterior mesenteric artery, coeliac artery and hep-
atic portal vein. Chylomicrons containing 40 mmol tria-
cylglycerol and 50 mg glucose were administered into
the left ileolumbar vein and after 45 min blood was
withdrawn from the bifurcation of the aorta and
allowed to clot. The serum was obtained by centri-
fugation and the chylomicron remnants were isolated
by ultracentrifugation for 6×107 g · min at 12°C.
The top 1–1.5 ml was then layered under NaCl (d 1.006
g ml−1) and centrifuged for 3×107 g min at 12°C.
The top 1–1.5 ml from this centrifugation containing
the purified chylomicron remnants was harvested and
100 mg ml−1 ampicillin was added. The preparations
were stored at 4°C until required. Free and total cho-
lesterol and triacylglycerol concentrations of the chy-
lomicrons and chylomicron remnants were determined
using commercially available enzyme-linked colorimet-
ric assay kits (Boehringer Mannheim, Mannheim, Ger-
many).

2.2. Oxidati6e modification of chylomicron remnants

Chylomicron remnant particles were oxidised by a
modification of a previously used method [26]. The
chylomicron remnants were dialysed against 10 mM
phosphate-buffered saline, pH 7.4 for 5 h before incu-
bation with a copper sulphate solution (final concentra-
tion, 10 mM) for 18 h at 37°C. Lipoprotein oxidation
was measured by the thiobarbituric acid reactive sub-
stances (TBARS) assay using a modification of a previ-
ously described method [27]. Tetraethoxypropane,
which yields malondialdehyde (MDA) was used as a
standard and results were expressed as nmol MDA/ml
lipoprotein. The oxidised chylomicron remnants were
then dialysed against 0.9% saline for 5 h to remove the
copper sulphate.

2.3. Isolated 6essel studies

Rats were killed with a sodium pentobarbitone over-
dose (200 mg kg−1 body weight i.p.) and the entire
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aorta rapidly removed, cleared of any surrounding
connective tissue and thoracic portion cut into 3-mm
ring segments, taking care not to damage the endothe-
lium. These rings were then placed in organ bath
chambers containing 10 ml modified Krebs–Henseleit
solution at 37°C (KHS; composition (mM): NaCl 118;
KCl 4.57; CaCl2 1.27; KH2PO4 1.19; MgSO4 1.19;
NaHCO3 25; glucose 5.55) and prepared for isometric
tension recording as previously described [21]. The
vessel segments were held under 1 g resting tension
(preliminary studies determined this to be the opti-
mum resting tension) and allowed to equilibrate for 1
h, before they were contracted by exchanging the
KHS for a depolarising KHS, where the NaCl had
been replaced isotonically with KCl (118 mM). After
15 min, the depolarising KHS was replaced with KHS
and resting tension re-established before several differ-
ent experiments were performed. Firstly, in order to
confirm that PE-induced contractions in rat aorta are
modulated by endothelium-dependent basal NO pro-
duction, concentration contraction response curves
were constructed to PE (1 nM–10 mM) in endothe-
lium-denuded (by gentle rubbing of the luminal sur-
face with a wooden stick) rat aortic rings and in
endothelium-intact vessel segments both in the pres-
ence and absence of 0.1 mM L-NOARG. In addition,
concentration contraction response curves to L-
NOARG (0.1 mM–1 mM) were also constructed in
endothelium-intact and denuded vessel rings after pre-
contraction with 30 and 10 nM PE, respectively, in
order to determine the concentration of L-NOARG
that caused maximal potentiation of PE-induced con-
traction and to demonstrate endothelium-dependency
of the observed response. Secondly, native or oxidised
chylomicron remnants were added to the bathing solu-
tion to produce a concentration of 16 mM cholesterol
in the organ bath (preliminary studies demonstrated
that this concentration produced the maximal effect)
and incubated with the vessel segments for 45 min.
Control experiments, in which the same volume of 100
mg ml−1 ampicillin was added instead of the lipo-
protein, were carried out in parallel, using an adjacent
vessel ring from the same animal. After this incuba-
tion period, cumulative concentration contraction re-
sponse curves were constructed to PE (1 nM–10 mM).
Thirdly, endothelium-denuded rat aortic rings and en-
dothelium-intact vessel segments treated with 0.1 mM
L-NOARG were incubated with oxidised chylomicron
remnants (16 mM cholesterol) for 45 min. Again, con-
trol experiments, in which the same volume of 100 mg
ml−1 ampicillin was added instead of the lipoprotein,
were carried out in parallel, and cumulative concentra-
tion contraction response curves were constructed to
PE (1 nM–10 mM). Finally, vessel rings were incu-
bated with oxidised chylomicron remnants (16 mM
cholesterol) for 45 min, in the presence of 0.1 mM

L-NOARG and either the endothelin antagonist, cyclo
(D-a-aspartyl-L-prolyl-D-valyl-L-leucyl-D-tryptophyl)
(BQ-123) (10 mM), indomethacin (IDM, 10 mM), su-
peroxide dismutase (SOD, 150 units ml−1) or BQ-
1230, IDM and superoxide dismutase (SOD) together.
Control experiments were carried out in parallel using
adjacent vessel rings from the same animals incubated
with oxidised chylomicron remnants, 0.1 mM L-
NOARG and the same volume of vehicle in the ab-
sence of the antagonists. Cumulative concentration
contraction response curves were then constructed to
PE (1 nM–10 mM).

2.4. Materials

L-phenylephrine hydrochloride (PE), L-NOARG,
BQ-123, indomethacin (IDM) and SOD were all pur-
chased from Sigma Chemical (Poole, UK). All drugs,
with the exception of IDM, were initially dissolved in
deionised water (at 10 mM) and diluted in 0.9% sa-
line. IDM was initially dissolved in ethanol (at 10
mM) and diluted in 0.9% saline. All solutions were
freshly prepared on the day of the experiment. Con-
centrations are expressed as the final concentration of
each drug in the organ bath. Ethylenediaminetetra–
acetic acid (disodium salt), copper sulphate and
trichloroacetic acid were purchased from BDH Labo-
ratory Supplies (Poole, UK) and 4-6-dihydroxy-
pyrimidine-2-thiol (2-thiobarbituric acid) and 1,1,3,3-
tetraethoxypropane from Sigma. Bovine serum albu-
min fraction V powder and ampicillin were purchased
from Sigma, and corn oil and a-tocopherol from do-
mestic suppliers.

2.5. Statistical analysis of data

Data from organ bath experiments were expressed
as increase in tone calculated as g tension developed
per mg tissue, and were plotted against log agonist
concentration. Cumulative concentration contraction
response curves for each vessel segment were fitted to
the single site logistic equation:

Increase in tension=EmaxAn/(An+EC50
n )

by a modified Marquart procedure using Multifit®

(Day Computing, Cambridge, UK) running on a
Macintosh 475. Emax represents the maximum re-
sponse, A is the concentration of drug used and n is
the Hill slope of the concentration response curve.
The best fit values for EC50, Emax and Hill slope for
each vessel segment were used to calculate the mean
values 9S.E.M. Significance limits were calculated us-
ing a paired Student’s t-test or one way ANOVA with
Dunnett’s comparison, where appropriate (PB0.05
was taken to indicate significance).
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3. Results

3.1. Measurement of lipoprotein oxidation

Organ bath incubation for a period of 45 min re-
sulted in TBARS values for chylomicron remnants of
1.9690.34 nmol ml−1 MDA respectively, which did
not differ significantly (by an unpaired Student’s t-test,
n=3) from lipoprotein preparations which had been
freshly prepared (TBARS value 1.6390.60 nmol ml−1

Fig. 2. Concentration contraction response curves to PE after incuba-
tion with (a) native (n=6) or (b) oxidised chylomicron remnants
(n=12) in endothelium-intact rat aortic rings. The vessel segments
were incubated with chylomicron remnants containing 100 mg ml−1

ampicillin (
) at an organ bath concentration of 16 mM cholesterol
or with the same volume of 100 mg ml−1 ampicillin (�) for 45 min.
Contraction is expressed as g tension produced per mg of tissue. Each
data point represents the mean value and error bars show the S.E.M.
The best-fit values derived from these concentration response curves
are shown in Table 1.

Fig. 1. Concentration contraction response curves to (a) PE and (b)
L-NOARG after pre-contraction with 10 or 30 nM PE. Endothelium-
intact (n=6, 
) and denuded (n=6, �) rat aortic rings and
endothelium-intact rings in the presence of 0.1 mM L-NOARG
(n=6, �) were studied. Contraction is expressed as g tension pro-
duced per mg of tissue. Each data point represents the mean value
and error bars show the S.E.M. * Significant difference in maximum
response vs. endothelium-intact (PB0.05, one way ANOVA with
Dunnett’s comparison); † Significant difference in maximum response
(PB0.05, paired Student’s t-test).

MDA). This confirmed that the incubation period did
not cause any significant oxidation of the native chy-
lomicron remnants. Incubation with copper sulphate
for a period of 18 h resulted in TBARS values for the
oxidised chylomicron remnants of 16.0392.80 nmol
MDA/ml, which were significantly different (PB0.05,
unpaired Student’s t-test, n=3) from the freshly pre-
pared native chylomicron remnants (value given
above).
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3.2. PE-induced contraction after endothelial
denudation or incubation with L-NOARG

The effects of endothelial removal and pre-treatment
with L-NOARG on contractions to PE in freshly iso-
lated rat aortic rings are shown in Fig. 1 a and b. Both
endothelial denudation and incubation with L-NOARG
significantly increased the maximum response to PE. In
addition, it was demonstrated that L-NOARG potenti-
ated PE-induced contractions of endothelium-intact
vessel rings in a concentration-dependent manner, the
maximum contraction occurring at concentrations of
0.1 mM and above.

3.3. PE-induced contraction after incubation with
chylomicron remnants

The effects of chylomicron remnants on contractions
to PE in freshly isolated endothelium-intact rat aortic
rings are shown in Fig. 2a and b. The mean best fit
concentration response curve parameters derived from
these curves are presented in Table 1. Both native and
oxidised chylomicron remnants significantly increased
the vessel sensitivity to PE. In addition, oxidised chy-
lomicron remnants significantly increased the maximum
response. Native remnant particles also tended to in-
crease the maximum response, although this did not
reach statistical significance.

3.4. PE-induced contraction after incubation with
oxidised chylomicron remnants in endothelium-denuded
rat aortic rings and in the presence of L-NOARG

The effects of oxidised chylomicron remnants on
contractions to PE in endothelium-denuded vessel seg-
ments, and in endothelium-intact aortic rings in the
presence of L-NOARG are shown in Fig. 3a and b. The
mean best fit concentration response curve parameters
derived from these curves are presented in Table 2. The
increases in vessel sensitivity and the maximum re-
sponse to PE observed in the presence of oxidised
chylomicron remnants were no longer apparent after
removal of the endothelium. The maximum tension

developed in response to PE, however, was still signifi-
cantly enhanced by oxidised chylomicron remnants
when the experiments were repeated in the presence of
L-NOARG.

3.5. PE-induced contraction after incubation with
oxidised chylomicron remnants and L-NOARG in the
presence of BQ-123, IDM or SOD

In order to investigate the possibility that oxidised
chylomicron remnant particles stimulate the production
of endothelium-derived constricting factors (EDCFs),
the effects of the ETA receptor antagonist, BQ-123,
IDM and SOD, on contractions to PE in the presence
of L-NOARG and oxidised chylomicron remnants were
studied in freshly isolated endothelium-intact rat aortic
rings. Cumulative concentration contraction response
curves from this series of experiments are shown in Fig.
4a–d. The mean best-fit concentration response curve
parameters derived from these curves are presented in
Table 3. Neither BQ-123 or SOD alone, nor BQ-123,
IDM and SOD together had any significant effect on
the concentration response curves obtained to PE in the
presence of oxidised chylomicron remnants and L-
NOARG. However, IDM alone caused a significant
increase in the vessel sensitivity to PE.

4. Discussion

In the present study, both native and oxidised chy-
lomicron remnants were found to potentiate PE-in-
duced contractions of rat aorta. All previous studies on
the effects of atherosclerosis and hypercholesterolaemia
on endothelium-dependent contraction have focused on
LDL [5] and none have investigated the actions of
dietary lipoproteins. Most studies on LDL have investi-
gated the role of the oxidised form, and those that have
focused on the native particles have failed to find any
significant effect [2,3]. Oxidised LDL has been found to
potentiate endothelium-dependent responses to a num-
ber of contractile agents due to inhibition of endothelial
NO production [2–4]. In the present study, we have

Table 1
Best fit values for concentration contraction response curves to PE in the presence and absence of chylomicron remnantsa

Hill slopeMaximum tension (g/mg)Experiment Condition EC50 (×10−8 M)

0.4290.051 Native remnants 1.5390.193.2890.94*
1 Control 1.3690.117.3792.04 0.3690.04

1.2590.066.2291.19* 0.5990.07*2 Oxidised remnants
1.3690.098.4490.85 0.4490.052 Control

a Endothelium-intact rat aortic rings were incubated with native (Experiment 1, n=6) or oxidised (Experiment 2, n=12) chylomicron remnants
containing 100 mg ml−1 ampicillin at an organ bath concentration of 16 mM cholesterol or with the same volume of 100 mg ml−1 ampicillin (n=6
or 12) for 45 min before concentration contraction response curves were constructed to PE.

* Significance limits, PB0.05 vs. corresponding control value, each value represents the mean9S.E.M.
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Fig. 3. Cumulative concentration contraction response curves to PE
in (a) endothelium-denuded and (b) endothelium-intact rat aortic
rings in the presence of 0.1 mM L-NOARG. The vessel segments were
incubated with oxidised chylomicron remnants containing 100 mg
ml−1 ampicillin (n=6, 
) at an organ bath concentration of 16 mM
cholesterol or with the same volume of 100 mg ml−1 ampicillin (n=6,
�) for 45 min. Contraction is expressed as g tension produced per mg
of tissue. Each data point represents the mean value and error bars
show the S.E.M. The best fit values derived from these concentration
response curves are shown in Table 2.

ated contractions to PE in an endothelium-dependent
manner (Fig. 1b), confirming the results of earlier stud-
ies which have shown that this concentration of L-
NOARG completely inhibits the basal production of
NO [24,25].

In the present study, oxidised chylomicron remnant
particles significantly increased vessel sensitivity to PE
to a similar extent as the native particles (Fig. 2a and
b), the change in EC50 values being significant in both
cases. In addition, whereas native remnants tended to
increase the maximum response to PE (by 17%), oxi-
dised remnants increased this concentration response
curve parameter to a greater extent (by 34%), reaching
statistical significance, suggesting that the effect of oxi-
dised chylomicron remnants on PE-induced contrac-
tions was more marked than that of the native particles.
These data support the suggestion that oxidative mod-
ification is involved in the atherogenic process [5]. It
was therefore decided to use the oxidised chylomicron
remnant particles in subsequent studies designed to
determine the mechanism of potentiation of PE-induced
vascular contraction. The potentiation of contractions
to PE observed in the presence of oxidised chylomicron
remnants was removed by endothelial denudation (Fig.
3a), but was still evident in the presence of the NO
synthase inhibitor, L-NOARG (Fig. 3b), suggesting
that the mechanism by which oxidised chylomicron
remnants potentiate PE-induced contractions in rat
aorta was endothelium-dependent, but was not due to
inhibition of the basal release of NO. One possible
interpretation of these findings is that oxidised remnant
particles mediated their effect by either inhibition of
another endothelium-derived vasodilator substance,
such as prostacyclin or endothelium-derived hyperpo-
larising factor (EDHF), or by stimulation of the release
of one or more EDCFs by oxidised chylomicron rem-
nants. However, in preliminary studies, we found that
inhibition of prostacyclin production by IDM had little
effect on contractions to PE in rat aortic rings with
intact endothelium (data not shown) and other groups
have previously found that production of EDHF by
large vessels of the rat is relatively low [28,29]. It would
seem unlikely, therefore, that oxidised chylomicron
remnants exert their effect via inhibition of prostacyclin
or EDHF.

It is well established that constrictor substances are
produced by the endothelial cells [30]. It is possible
therefore that oxidised chylomicron remnants may po-
tentiate the PE-induced contractions by stimulating the
release of one or more of these EDCFs. Indeed, such a
factor, endothelin, has been shown to be produced in
response to oxidised LDL in porcine vessels and was
found in increased concentrations in the plasma of
patients with coronary artery disease and hypercholes-
terolaemia and also in atherosclerotic human arteries
[31–34]. In addition, superoxide and a cyclo-oxygenase-

evaluated contractions to PE as this agonist appears to
be the most appropriate constrictor with which to
investigate the effects of basal NO production on vas-
cular contraction [24,25]. Many other vasoconstrictor
agents also activate endothelial receptors to stimulate
NO release [9,10]. Indeed, in the present study it was
confirmed that both endothelial denudation and incu-
bation with L-NOARG significantly increased the max-
imum response to PE in untreated rat aortic rings (Fig.
1a). Additional experiments demonstrated that a con-
centration of 0.1 mM L-NOARG maximally potenti-
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Table 2
Best fit values for concentration contraction response curves to PE in the presence and absence of oxidised chylomicron remnants in
endothelium-denuded vessel segments and endothelium-intact aortic rings after incubation with L-NOARGa

Maximum tension (g/mg)EC50 (×10−8M) Hill slopeCondition

1.2890.105.2090.96Endothelium-denuded+oxidised remnants 0.5390.05
Endothelium-denuded, control 0.5690.04 1.3690.085.5191.34
Endothelium-intact+L-NOARG+oxidised remnants 0.7290.08* 1.3790.08*5.8691.38

1.4890.070.5990.08Endothelium-intact+L-NOARG, control 6.4491.13

a Endothelium-denuded and endothelium-intact rat aortic rings in the presence of 0.1 mM L-NOARG were studied. Vessel segments were
incubated with oxidised chylomicron remnants containing 100 mg ml−1 ampicillin (n=6) at an organ bath concentration of 16 mM cholesterol or
with the same volume of 100 mg ml−1 ampicillin (n=6) for 45 min before concentration contraction response curves were constructed to PE.

* Significance limits, PB0.05 vs. corresponding control value, each value represents the mean9S.E.M.

Fig. 4. Cumulative concentration contraction response curves to PE in the presence and absence of (a) BQ-123; (b) IDM; (c) SOD and (d) BQ-123,
IDM and SOD together. The vessel segments were incubated with oxidised chylomicron remnants containing 100 mg ml−1 ampicillin at an organ
bath concentration of 16 mM cholesterol for 45 min, in the presence of 0.1 mM L-NOARG and either 10 mM BQ-123, 10 mM IDM, 150 units
ml−1 SOD (n=5, 
) or all three antagonists together (n=6, 
). Controls in which the same volume of vehicle was added to the organ bath
were carried out in parallel (n=5 or 6, �). Contraction is expressed as g tension produced per mg of tissue. Each data point represents the mean
value and error bars show the S.E.M. The best-fit values derived from these concentration response curves are shown in Table 3.
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Table 3
Best fit values for concentration contraction response curves to PE in the presence of oxidised chylomicron remnants and L-NOARG with or
without BQ-123, IDM and SODa

EC50 (×10−8 M) Maximum tension (g/mg)Experiment Hill slopeCondition

1 +BQ-123 3.1291.01 0.8290.06 1.5690.13
2.7890.74 0.8190.06Control 1.5390.111

+IDM2 2.6390.67* 0.9390.06 1.5190.07
Control2 3.5190.65 0.8690.03 1.5190.09

3.9490.99 0.7490.05+SOD 1.4490.083
Control3 3.9091.04 0.7690.09 1.4590.08

4.9091.48 0.8090.05 1.3990.094 +BQ-123+IDM+SOD
6.4991.57 0.8190.04 1.2690.09Control4

a Endothelium-intact rat aortic rings were incubated with oxidised chylomicron remnants containing 100 mg ml−1 ampicillin at an organ bath
concentration of 16 mM cholesterol for 45 min, in the presence of 0.1 mM L-NOARG and either 10 mM BQ-123 (Experiment 1, n=5), 10 mM
IDM (Experiment 2, n=5), 150 units ml−1 SOD (Experiment 3, n=5), all three antagonists together (Experiment 4, n=6) or the same volume
of vehicle (n=5 or 6) before concentration contraction response curves were constructed to PE.

* Significance limits, PB0.05 vs. corresponding control value, each value represents the mean9S.E.M.

derived product, thromboxane A2, both of which have
also been proposed as EDCFs, have been found in
increased concentrations in hypercholesterolaemic rab-
bit vessels [35,36]. Furthermore, macrophage superox-
ide generation has been shown to be stimulated by
LDL and the expression of endothelial cyclo-oxygenase
mRNA increased by oxidised LDL [37,38].

Antagonists of these three candidate EDCFs were
used in an attempt to elucidate the mechanism of action
of oxidised chylomicron remnants on PE-induced con-
traction. Concentration contraction response curves
were constructed to PE in the presence of both oxidised
chylomicron remnants and L-NOARG either in the
presence or absence of BQ-123 (10 mM), IDM (10 mM)
or SOD (150 units ml−1). It has been previously estab-
lished that these drugs, at the chosen concentrations,
inhibit the action of endothelin, prevent the production
of cyclo-oxygenase-derived products and destroy super-
oxide, respectively, in the rat aorta [25,39,40], findings
that were confirmed by studies in our own laboratory
(data not shown). It was also established that in the
absence of chylomicron remnants, none of these in-
hibitors had any significant effect on concentration
contraction response curves to PE. Thus, if oxidised
chylomicron remnants did indeed stimulate the produc-
tion of endothelin, cyclo-oxygenase-derived products or
superoxide, addition of one or all of these drugs to the
bathing solution should have reduced the maximum
response obtained to PE. However, BQ-123, IDM, or
SOD alone, or all three drugs added together, did not
cause any significant effect on the maximum contrac-
tion to PE in the presence of L-NOARG and oxidised
remnant particles (Fig. 4a–d). These data suggest that
oxidised chylomicron remnants do not enhance PE-in-
duced contractions by stimulating the release of en-
dothelin, cyclo-oxygenase-derived products or
superoxide from the endothelium. However, in the pres-

ence of IDM, vessel sensitivity to PE was slightly, but
significantly, increased. This effect is the opposite of
that which would have been expected if oxidised chy-
lomicron remnants were stimulating the release of cy-
clo-oxygenase-derived products from the endothelium.
In the absence of chylomicron remnants, prostacyclin
production did not appear to limit the contractile re-
sponse of the rat aorta to PE (data not shown). How-
ever, it is possible that the chylomicron remnants
stimulated the release of a constrictor agent and prosta-
cyclin simultaneously and the observed potentiation of
contraction to PE was limited by prostacyclin.

In conclusion, the results from the present study have
shown that both native and oxidised chylomicron rem-
nants potentiate PE-induced contraction of the rat
aorta. Oxidised chylomicron remnants appeared to po-
tentiate contractions to PE to a greater extent than the
native particles. This effect was endothelium-dependent,
but was not due to inhibition of the basal production of
NO, nor to the stimulation of endothelin, superoxide or
a cyclo-oxygenase-derived product. This is the first
study to demonstrate that chylomicron remnant parti-
cles can potentiate the action of a vasoconstrictor agent
in an endothelium-dependent manner, further to their
inhibitory effects on vascular relaxation [21]. In addi-
tion, these findings also support the suggestion that
oxidative modification of lipoproteins is involved in the
atherogenic process. Further experiments are required,
however, to elucidate the exact mechanism by which
lipoproteins of dietary origin cause endothelium-depen-
dent potentiation of PE-induced contraction.
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