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Abstract:

In humans, hypercholesterolemia and hypertriglyceridemia induce endothelial dysfunction and therefore lead to atherosclerosis. In

contrast, rats are resistant to atherosclerosis. Here we analyze whether rats respond to hypercholesterolemia and

hypertriglyceridemia by developing of endothelial dysfunction.

To induce hypercholesterolemia Wistar-Kyoto (WKY) and spontaneous hypertensive (SHR) rats were fed for 12 weeks with AIN93

diet supplemented with cholesterol (1%) and butter (20%). To induce hypertriglyceridemia Wistar were fed for 8 weeks with AIN93

diet supplemented with 60% fructose. In all experimental groups nitric oxide (NO)-dependent and prostacyclin (PGI�)-dependent

function was assessed in the isolated aorta. Additionally in hypertriglyceridemic rats endothelial function in the isolated mesenteric

resistance artery was analyzed.

NO-dependent vasodilation induced by acetylcholine or histamine in aorta of SHR and WKY rats was modestly impaired.

Hypercholesterolemic diet fed to WKY and SHR rats induced a rise in total cholesterol and low-density lipoproteins (LDL)

cholesterol by 2.5 and 4.5 fold, respectively, but did not further impair NO-dependent vasodilation. Although basal production of

PGI� in aortic rings from SHR rats was five fold higher than in aortic rings from WKY rats, the hypercholesterolemic diet did not

further affect aortic PGI� production in either rat strain. Endothelium-independent vasodilation induced by SNAP remained also

unchanged. On the other hand, the hypertriglyceridemic diet given to Wistar rats led to a selective 1.5–2 fold elevation of

triglycerides that was associated with the impairment of NO-dependent relaxation in aorta as well as in the mesenteric resistance

artery. Interestingly, the basal production PGI� by aortic rings was not modified by hypertriglyceridemic diet. Again

endothelium-independent relaxation induced by S-nitroso-N-acetyl-penicilamine (SNAP) was not affected.

In summary, although in humans both hypercholesterolemia and hypertriglyceridemia are associated with endothelial dysfunction,

in rats hypertriglyceridemia only led to the impairment of NO-dependent vasodilation. Hypercholesterolemia did not modify

endothelial function even in hypertensive rats that display pre-existing alterations in vasodilator function.
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Abbrevations: Ach – acetylcholine, DEA-NO – diethylamine

diazeniumdiolate, Hist – histamine, KCl – potasium chloride,

L-NAME - N� –nitro-L-arginine methyl ester, PGI� – prostacy-

clin, Phe – phenylephrine, SNAP – S-nitroso-N-acetyl-peni-

cilamine.

Introduction

There is growing body of evidence that endothelial

dysfunction is the key factor in the initiation and pro-

gression of atherosclerosis [8, 48]. Indeed, endothelial

dysfunction is one of the earliest manifestations of

atherosclerosis [59] and predicts the development of

the clinical symptoms of the disease [22]. It is now

apparent that classical atherogenic risk factors such

as: hypertension, smoking, diabetes, ageing, obesity

and most importantly various dyslipidemias are

linked to endothelial dysfunction. Moreover, the de-

gree of endothelial dysfunction correlates with

a number of risk factors [9]. Accordingly, endothelial

dysfunction may be seen as a specific barometer of

cardiovascular risk [57] that has diagnostic, prognostic

and therapeutic significance in atherosclerosis [12].

Endothelial dysfunction in clinical conditions is

most frequently diagnosed on the basis of an impair-

ment of nitric oxide (NO)-dependent vasodilatation.

Obviously the phenotype of endothelial dysfunction is

featured by numerous other biochemical events in-

cluding alterations in the production of prostacyclin

(PGI2) and endothelium-derived hyperpolarising fac-

tor (EDHF), an increased production of O2
–, as well

as by pro-inflammatory and pro-thrombotic activation

of endothelium [8, 12, 21].

Among dyslipidemias, an elevated level of low-

density lipoproteins (LDL) – cholesterol has for many

years been considered as the major risk factor of athe-

rosclerosis [23, 40]. Now studies in human endothe-

lium have uncovered molecular mechanisms by

which oxLDL-cholesterol via the oxidized-LDL re-

ceptor (LOX-1) or other pathways induce the pheno-

type of endothelial dysfunction [39].

On the other hand, the role of triglycerides in athe-

rosclerosis has been neglected for many years as it

was a widely held view that elevated triglycerides do

not represent a risk factor in this disease [20]. This

notion has be challenged by a number of important

clinical studies [1]. Today hypertriglyceridemia is

considered an important risk factor of atherosclerosis

[2, 3, 14, 19] and evidence is increasing that prolonged

hypertriglyceridemia induce typical features of endo-

thelial dysfunction [26, 33]. Furthermore, transient post-

prandial hypertriglyceridemia may also induce im-

pairment of endothelial function that contributes to

the risk of atherosclerosis development [4, 5, 37].

In keeping with data from humans, in rabbits, mice,

pigeons, monkeys and other species hypercholestero-

lemia leads to the development of atherosclerosis [16,

34, 36] and many studies confirmed that this is associ-

ated with the phenotype of endothelial dysfunction. In

contrast rats fed with high-cholesterol diet are resis-

tant to developing atherosclerosis [32, 45, 52]. On the

other hand, rats fed a high-fructose diet develop hy-

pertriglyceridemia insulin resistance and mild degree

of hypertension – abnormalities that mimic metabolic

syndrome in humans [7, 13]. Importantly, the devel-

opment of insulin-resistance in rats was suggested to

be linked to the impairment of NO-dependent func-

tion [26, 53].

In summary, there is considerable evidence both

from clinical and experimental studies that in humans

hypercholesterolemia as well as hypertriglyceridemia

constitute major risk factors in the development of

atherosclerosis. Pro-atherogenic effects of both types

of lipid abnormalities are associated with their ability

to induce a pro-inflammatory and pro-thrombotic

phenotype of endothelial dysfunction. In contrast to

humans, in rats hypercholesterolemia did not induced

atherosclerosis, while hypertriglyceridemia induced

insulin resistance that is closely linked to endothelial

dysfunction.

Accordingly we hypothesized that endothelium in

the rat is resistant to hypercholesterolemia-induced

endothelial dysfunction but not to hypetriglyceridemia-

induced endothelial dysfunction. Here we tested this

hypothesis and assessed NO-dependent and PGI2-

dependent functions in vessels form hypercholestero-

lemic and hypertriglyceridemic rats.

Materials and Methods

The experiments were conducted according to the

Guidelines for Animal Care and Treatment of the

European Communities and were approved by the Lo-

cal Animal Ethics Committee.
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Rat model of hypercholesterolemia

Male Wistar-Kyoto (WKY) (n = 20) and spontaneous

hypertensive (SHR) (n = 20) rats (12 months-old),

weighing 350–550 g were obtained from the Animal

Laboratory of the Polish Mother’s Research Institute

Hospital in LódŸ, Poland. The rats were housed dur-

ing an experimental period of 12 weeks in an isolated

room under condition of controlled temperature, hu-

midity and a 12 h light-dark cycle. The animals were

acclimated to these conditions for 1 week and given

free access to water and the basal semi-purified

AIN93 diet [50]. After the adaptation period, the

WKY and SHR rats were randomly divided into four

groups. The control groups of SHR and WKY rats

were fed for 12 weeks with the control diet (basal

AIN93 diet). The hypercholesterolemia group of WKY

and SHR rats were fed for 12 weeks with basal AIN93

diet supplemented with cholesterol (1g/100 g), cholic

acid (0.5 g/100 g) and butter (20 g/100 g). The final

composition of the diets is given in Table 1.

Indirect blood pressure (BP) was monitored by the

tail-cuff method at the beginning of experiments and

after 12 weeks of the observation period. Mean BP

were significantly higher in the SHR than in the con-

trol WKY (189 ± 6.7 mmHg vs. 119 ± 10.4 mmHg,

respectively) and neither type of diet influenced BP

significantly in SHR or WKY rats.

Rat model of hypertriglyceridemia

Male Wistar (n = 40) rats (3 month-old), weighing

350–550 g were obtained from the Institute of Animal

Production (Krakow). The rats were housed during an

experimental period of 8 weeks in an isolated room

under condition of controlled temperature, humidity

and a 12 h light-dark cycle. The animals were accli-

mated to these conditions for 1 week and given free

access to water and the basal semi-purified AIN93

diet [50]. After the adaptation period, the Wistar rats

were randomly divided into two groups. The control

group was fed for 8 weeks with the control diet (basal

AIN93). The hypertriglyceridemic group was fed for

8 weeks with AIN93 diet supplemented with 60%

fructose (Tab. 1).

Determination of lipid profile in hypercholes-

terolemic and hypertriglyceridemic rats

After 12 weeks of the hypercholesterolemic diet or

4–8 weeks of the hypertriglyceridemic diet, the rats

were anesthetized with an intraperitoneal injection of

thiopental (120–150 mg/kg) and killed by cervical

translocation. Blood samples were taken after 2 h of

fasting from the left ventricle of the heart and col-

lected into test tubes to obtain serum. Samples were

subsequently centrifuged for 10 min (4,000 g). The
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Ingredient Control AIN93M Hypercholesterolemic
AIN93M

Control AIN93G Hypercholesterolemic
AIN93G

Maize starch 622.492 447.492 532.486 –

Casein 140.00 140.00 200.00 200.00

(95% Nx6.25)

Sucrose 100.00 100.00 100.00 –

Soyabean oil 40.00 – 70.00 70.00

Fibre 50.00 50.00 50.00 50.00

Mineral mix 35.00 35.00 35.00 35.00

Vitamin mix 10.00 10.00 10.00 10.00

Choline bitartrate 2.50 2.50 2.50 2.50

Tert-butylhydroquinone 0.008 0.008 0.014 0.014

Cholesterol – 10.00 – –

Cholic acid – 5.00 – –

Butter – 200.00 – –

Fructose – – – 632.486



lipid profile was analyzed using commercially-

available kits for high-density lipoprotein (HDL)-

cholesterol, LDL-cholesterol (Olympus Diagnostica

GmbH, Hamburg, Germany), total cholesterol and tri-

glycerides (CORMAY, Lublin, Poland) and expressed

in mmol/l.

Determination of basal prostacyclin production

in aorta rings

The levels of PGI2, released by aortic rings was quan-

tified on the basis of the formation of a stable product

of PGI2 hydrolysis – 6-keto-PGF-1�, in organ bath

medium. Commercially-available EIA kits (Cayman

Chemical Company, MI, USA) were used. Rings in

organ bath were washed extensively, and then after

20 min of aortic rings incubation samples of medium

from organ bath were collected. After the experiment

aortic rings were collected, dried and weighed. The

level of 6-keto-PGF-1�, was expressed as pg/ml/mg

of dry weight of aortic rings.

Protocol of experiments in the isolated aorta

Thoracic aorta from anesthetized (thiopental, ip

120–150 mg/kg) rat from various experimental

groups (WKY-Control, WKY-hypercholeserolemia,

SHR-Control, SHR-hypercholesetrolemia, Wistar-

Control and Wistar-hypertriglyceridemia) was re-

moved and carefully dissected free from the surround-

ing tissue. Isolated aorta was placed in Krebs-

Hanseleit solution, cleaned of the connective and fat

tissue and cut into rings. Then rings were washed out

with Krebs-Hanseleit solution mounted between

2 hooks attached to an isometric force transducer

(Biegastab K30 type 351; Hugo Sachs March-Fr, Ger-

many) with continuous recording of tension

(Graphtec WR3320, UK). After mounting of rings,

the resting tension was increased in a step-wise fash-

ion to reach final 4 g and then rings were incubated to

equilibrate for 30 min. Six circular segments (3–5 mm

in length) of the artery were simultaneously used for

an experiment. Aortic rings were kept in 5 ml organ

baths containing pre-warmed (37°C) Krebs-Hanseleit

that was continuously bubbled with 5% CO2 in O2 to

maintain a pH 7.4. Krebs-Hanseleit solution was of

the following composition (in mM): 118.0 NaCl, 4.7

KCl, 2.25 CaCl2, 1.64 MgSO4, 1.18 KH2PO4, 24.88

NaHCO3, 10.0 glucose, 2.2 C3H3O3Na and 0.05

EDTA.

After stretching and 60 min of equilibration experi-

ment was initiated by obtaining maximum contraction

in response to KCl (60–90 mM). Then, the aortic

rings were contracted with increasing concentrations

of phenylephrine (Phe 0.01–10 �M) to determine

a concentration of phenylephrine that gives 60–80%

of maximum KCl-induced contraction. Endothelial

function was assessed by a cumulative concentration-

dependent response to acetylcholine (Ach 0.01–10 �M)

or histamine (Hist 0.01–300 �M) in Phe-preconstricted

vessels. The endothelium-independent function was

tested by a response evoked by S-nitroso-N-acetyl-

penicilamine (SNAP 0.001–10 �M). Then cumulative

concentration-dependent curve for Ach were repeated

in presence of an inhibitor of NO synthesis-NG-nitro-

L-arginine methyl ester (L-NAME; 300 �M). L-NAME

was incubated for at least 15 min before eliciting re-

sponses to Ach. Basal production of NO by aortic

rings was determined on the basis of the magnitude of

contraction induced by L-NAME (300 �M) alone

added to slightly Phe-preconstricted rings (10–20% of

maximal KCL-induced contraction). The plateau

phase of L-NAME-induced contraction was deter-

mined and expressed as a percentage of the maximum

KCl-induced preconstriction.

Protocol of experiments in the isolated mesen-

teric arteries

Segment of intestine together with mesenteric arteries

was quickly excised from anesthetized rats and placed

in cold saline solution. Next the tissue was pinned to

the bottom of the dissection dish and covered with

cold saline solution. Then 2–4 mm long segments of

the first or second-order branch of the superior mes-

enteric artery was cleared from surrounding adipose

tissue and dissected out under a dissection micro-

scope. After dissection the artery was transferred to

the chamber of the pressure myograph (JP Trading,

Aarhus, Denmark) for cannulation and the remaining

part of intestine was stored at 4oC for later experi-

ment. Arteries dissected even 6 h after mesenteric ex-

cision from an animal were responsive, which al-

lowed us to test 2–3 arteries from each animal.

The chamber of the pressure myograph was filled

with modified Krebs-Henseleit solution of the follow-

ing composition in mM: NaCl 118, KCl 4.69,

KH2PO4 1.19, MgSO4 1.16, CaCl2 2.5, NaHCO3 15,

HEPES 10, glucose 10, pyruvate 2, and EDTA 0.03.

The perfusion line was filled with the same buffer
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containing 1% of albumin. The chamber contained

two glass pipettes (outer diameter 100–150 µM): one

fixed and the other mounted on a manipulator for ad-

justing its position as required. One end of the vessel

was cannulated with the inflow pipette and tied se-

curely with surgical thread. Inflow pressure was

raised from 0 to about 20 mmHg to gently flush out

the blood out of the vessel lumen. Then the other end

of the vessel was cannulated and the distance of the

cannulas was adjusted so that the vessel was not

stretched. After cannulation the pressure myograph

chamber was carefully transferred to the stage of the

inverted microscope, the temperature was set to 37oC

and for the stabilisation period the pressure was set to
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10 mmHg. The buffer in the chamber was bubbled

with gas mixture containing 21% O2, 5% CO2 and

74% N2. The signal from a video camera attached to

the inverted microscope was fed to a frame grabber

and then to a dimension-analysing program (Vessel-

Vue, JP Trading), which continuously monitor of the

outer diameter of the vessel.

After 30 min of stabilization, the pressure was

raised to 60 mmHg and stabilized for another 15 min.

At the beginning of the experiment vasoconstrictor re-

sponse to KCl (60 mM) was used to test the viability

of the tissue. Then, following preconstriction with

10 �M of phenylephrine, cumulative concentration-

dependent response to Ach, SNAP and diethylamine

NONOate (DEA-NO) (all in a concentrations from

10–7 to 10–4M) was tested. All agents were applied

extraluminally to the myograph chamber.

Statistical analysis

Results are presented as means ± SEM. Results were

analyzed to ANOVA and then differences between

means were assessed by post hoc Sheffe’s test or by

unpaired Student’s t-test. Difference between means

were considered significant if p < 0.05.

Results

Effects of hypercholesterolemic and hypertri-

glyceridemic diet on serum lipid profile in rats

Hypercholesterolemic diet induced a rise in total cho-

lesterol (approximately 2.5 fold) and in LDL-cholesterol

(approximately 4.5-fold) both in WKY and SHR rats

(Fig. 1) while levels of HDL-cholesterol and tri-

glycerides remained unchanged. Hypertriglyceride-

mic diet fed to Wistar rats led to the pronounced ele-

vation of triglyceride levels (approximately 1.5–2 fold),

a slight fall in total and LDL-cholesterol levels, whereas

HDL-cholesterol level remained unmodified (Fig. 2).

Effects of hypercholesterolemia and hypertri-

glyceridemia on endothelial function

NO-dependent vascular function

Ach-induced a concentration-dependent relaxation in

aorta from WKY rats. However, in contrast to SNAP

the maximum of Ach-induced response did not reach

100%, but only 70.85 ± 3.84% (for Ach 10 �M,

n = 28) (Fig. 3). Vasodilator response to Ach in aorta

from SHR rats was impaired to a similar degree as

compared to WKY rats (75.36 ± 5.27%, for Ach 10 �M,

n = 20), while response to SNAP was again fully pre-

served. Hypercholesterolemia either in WKY or in

SHR rats did not further modify endothelium-

dependent vasodilation induced by Ach in the aorta.

Maximum relaxation induced by 10 �M Ach was 77.01

± 4.0% and 73.81 ± 4.9% (n = 16–19) for WKY-

hypercholesterolemic and SHR-hypercholesterolemic

rats, respectively. The endothelium-independent va-

sorelaxation induced by SNAP was also unmodified

by hypercholesterolemia both in WKY and SHR rats

(for 10 �M SNAP; 97.73 ± 2.79% and 95.2 ± 3.25%

(n = 5–8), in WKY-hypercholesterolemic and SHR-

hypercholesterolemic rats, respectively). The results
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obtained with another endothelium-dependent vasodi-

lator were similar. Histamine-induced vasodilation in

aorta from WKY and SHR rats was slightly impaired

(for 300 �M Hist; 77.28 ± 4.02% and 82.36 ± 4.48%,

respectively, n = 5–14) and was not further modified

by hypercholesterolemia (81.8 ± 3.75%, and 74.53 ±

4.52% n = 15–16, in WKY-hypercholesterolemic and

SHR-hypercholesterolemic rats, respectively). In the

presence of L-NAME (300 �M) Ach-induced vasodi-

lation was abrogated in all four experimental groups

(WKY-Control, WKY-hypercholesterolemic, SHR-

Control, SHR-hypercholesterolemic rats) and even

transformed to vasoconstriction (data not shown).

In contrast to hypercholesterolemia, hypertrigly-

ceridemia in rats was associated with an impairment

of endothelium-dependent relaxation induced by Ach.

This effect was seen both in aortic rings (Fig. 4A) as

well as in the isolated mesenteric resistance artery

(Fig. 5). Endothelium-independent relaxation induced

by SNAP was not impaired by hypertriglyceridemia

either in the aorta (Fig. 4B) or in the mesenteric vessel

(data not shown).

In Phe-preconstricted rings L-NAME (300 �M)-

induced contraction was blunted in hypertrigly-

ceridemic rats as compared to their counterparts con-

trol rats (44.33 ± 5.9 vs. 31.63 ± 3.14% of maximum

KCl-induced contraction, n = 6–8). In the presence of

L-NAME (300 �M) Ach-induced vasodilation in the

aorta was substantially inhibited in control conditions

(for 10 �M Ach, the relaxation was 7.57 ± 2.71%, n = 14)

while in hypertriglyceridemia, more pronounced

NO-independent relaxation was observed (for 10 �M

Ach the relaxation was 43.40 ± 12.63%, n = 10).

Basal prostacyclin (PGI2) production

The basal production of PGI2 in aortic rings from

WKY rat was 116.58 ± 20.57 pg/ml/mg. In aorta from

SHR rats, the release of PGI2 was significantly in-

creased (523.86 ± 162.23 pg/ml/mg, p < 0.05). Hyper-

cholesterolemia did not influence the basal production

of PGI2 either in aorta from WKY or SHR rats (for

WKY-hypercholesterolemic and SHR-hypercholeste-

rolemic rats 132.68 ± 18.56 and 499.05 ± 123.36 pg

/ml/mg, respectively, n = 11–18, Fig. 6A).

Although hypertriglyceridemia was associated with

the impairment of NO-dependent vasodilation it did not

significantly modify the basal release of PGI2 in aorta

(Fig. 6B). PGI2 release by aortic rings amounted to
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70.24 ± 13.34 and 86.64 ± 22.46 pg/ml/mg, for con-

trol and hypertriglyceridemic rats, respectively, n =

7–8).

Discussion

Using three strains of rats we demonstrated here that

hypertriglyceridemia but not hypercholesterolemia in-

duced dysfunction of vascular endothelium. Indeed,

irrespective of the presence or absence of hyperten-

sion, hypercholesterolemia in rats failed to induce an

impairment in NO-dependent and PGI2-dependent

functions in aorta from SHR and WKY rats. These re-

sults are in line with our previous studies showing

also the lack of effect of hypercholesterolemia on in-

flammatory response (CRP, IL-6, MCP-1) and the ab-

sence of atherosclerotic plaque formation both in nor-

motensive and hypertensive rats fed high-cholesterol

and high-fat diet [35, 47]. Other experimental studies

also show resistance of rats to the development of

atherosclerosis in response to prolonged hypercholes-

terolemia [32, 52]. On the basis of results presented

here and previously [35, 46, 47], it is tempting to sug-

gest that rats are resistant to hypercholesterolemia-

induced atherosclerosis because hypercholesterolemia

in this species does not impair the activity of endothe-

lial NO and PGI2 even in the presence of pre-existing

hypertension. Apparently, even in the presence of

pre-existing alterations of endothelial function in

SHR rats, reported in numerous studies [11, 58] hy-

percholesterolemia did not modify it further [35].

Wealth of evidence supports the key role of endo-

thelial dysfunction in the progression of atherosclero-

sis both in humans and in experimental animals. Pro-

atherosclerotic activity of dysfunctional endothelium

is ascribed to the impairment of production of vaso-

protective mediators such as PGI2 and NO that is as-

sociated with the activation of the pro-inflammatory

and pro-thrombotic phenotype of endothelium [8, 12,

21]. Persistence of proper endothelial function in hy-

percholesteroleamic rats may well afford vascular

protection against atherosclerosis.

Our study was limited to analysis of the

hypercholesterolemia-induced effects on the func-

tional activity of two major vasoprotective mediators

of endothelium such as NO and PGI2. However the

role of the EDHF pathway in athero-protection is in-

creasingly appreciated [10, 38]. For example, it was

demonstrated that in hypercholesterolemic rabbits de-

spite impairment of bioavailability of NO, Ach-

induced vasodilation in carotid artery was not im-

paired because of a compensatory increase in activity

of the EDHF pathway [6, 43]. In our experiments

Ach-induced response was abrogated by L-NAME in

normocholesterolemic rats as well as in hypercholes-

terolemic rats. Thus, we could conclude that hyper-

cholesterolemia either in WKY or in SHR rats did not

impair NO and PGI2 activity and was unlikely to

modify the activity of the EDHF pathway.

In contrast to hypercholesterolemia, hypertrigly-

ceridemia in rats was associated with the pronounced

impairment of NO-dependent vasodilation. Previ-

ously, high-fructose diet in rats was used to examine

the mechanisms of insulin resistance and its associa-

tion with endothelial dysfunction [26]. Indeed,

a high-fructose diet leads to insulin resistance, hyper-
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insulinemia and hypertriglyceridemia, with mild ele-

vation of blood pressure [30] – a set of symptoms that

resembles metabolic syndrome in humans [7, 13]. In

humans each of the above abnormalities is associated

with endothelial dysfunction. Here we did not moni-

tor the development of insulin resistance but only

confirmed the elevation of triglycerides and normal

glucose levels, repeatedly found in this model [15, 31,

42]. Therefore, we can not conclude whether impair-

ment of NO-dependent function in aorta and the mes-

enteric artery was directly related to hypertriglyc-

eridemia [33], to insulin resistance [26, 53] or both of

them. Obviously it was unlikely to be related to the

slightly elevated blood pressure found by some

authors in this model [55, 56] but not confirmed by

others [27].

Previous studies in rats fed a high-fructose diet

demonstrated impairment of NO-dependent vasodila-

tion in aorta but not in cerebral coronary arteries [42].

Here we analyze not only activity of basal production

of NO but also vasodilator activity of NO stimulated

by two different agents (histamine, acetylcholine). All

three measures of NO function show impairment in

the aorta. Blunted NO-dependent vasodilation was

seen not only in aorta but also in the mesenteric resis-

tance artery. Interestingly, we also found that vascular

PGI2 production in aorta remained unchanged.

In number a of experimental models the impair-

ment of the NO-dependent function was associated

with the impairment of cyclooxygenase (COX)-1 de-

rived PGI2 production [18, 21] or with a compensa-

tory increase in PGI2 formation by COX-2 [17]. Inter-

estingly, in our experiments PGI2 production was not

modified by hypertriglyceridemia. Perhaps an effect

on the activity of PGI2 in aorta appears only after

a longer time period of hypertriglyceridemia [49]. In-

terestingly, Richey et al. suggested that impairment of

vasodilation to Ach in the perfused mesenteric vascu-

lar bed from hypertriglyceridemic rats was related to

the enhanced release of endothelium-derived COX-

dependent constricting factor as it was normalized by

indomethacin [51]. We did not investigate such a pos-

sibility.

We also found that in the presence of L-NAME in

aorta from hypertriglyceridemic rats, but not in con-

trol rats, Ach-induced a pronounced vasodilation.

This finding suggests the hypertriglyceridemia up-

regulates a NO-independent pathway of Ach-response

most likely involving EDHF. Indeed, NO inhibits

EDHF formation [44] and an impairment of NO-

dependent function may lead to the up-regulation of

EDHF [24]. Interestingly, up-regulation of EDHF by

hypertriglicerydemia may be vessel-specific as in the

same experimental model but in other type of vessels e.g.

in mesenteric arteries, EDHF was down-regulated [31].

Altogether we found that hypertriglyceridemia in

rats led to the impairment of NO-dependent function

without alterations in PGI2 release but with a compen-

satory up-regulation of an NO-independent pathway,

most likely EDHF.

We did not investigate here the mechanism of the

impairment of NO-dependent vascular function. It

could well be that increased generation of O2
– [25,

56] and uncoupling of NOS were involved [4, 33, 54].

Indeed, BH4 the natural and essential cofactor of NO

synthase (NOS) was shown to reverse impairment of

NO-dependent relaxation in rat aorta [53, 54]. On the

other hand, decreased activity of eNOS was shown in

aorta or mesenteric arteries from fructose-fed rats [28,

41]. Impairment of NO activity in this model was also

associated with increased generation of endothelin 1

[29, 56].

In summary, both hypercholesterolemia and hyper-

triglyceridemia induce full-blown phenotype of endo-

thelial dysfunction in humans and therefore lead to

atherosclerosis. Rat endothelium seemed to be resis-

tant to hypercholesterolemia-induced endothelial dys-

function but not to hypetriglyceridemia-induced en-

dothelial dysfunction. Indeed, hypercholesterolemia –

even in the presence of hypertension – did not modify

NO-dependent and PGI2-dependent endothelial func-

tion. In turn, hypertriglyceridemia induced an impair-

ment of NO-dependent vascular function, without an

alteration in PGI2 release. It could well be that hy-

petriglyceridemia but not hypercholesterolemia was

also associated with the compensatory up-regulation

of an NO-independent endothelial pathway, most

likely EDHF. This remains to be determined.

There is growing evidence that endothelial dys-

function plays a fundamental role in cardiovascular

diseases. Therefore, the pharmacology of endothe-

lium appears as a novel an attractive approach to treat

cardiovascular diseases such as atherosclerosis. An

important implication from our study is that hypertri-

glyceridemic rats – but not hypercholesterolemic rats

– represent a suitable model to analyze the potential

of new pharmacological tools to reverse endothelial

dysfunction.
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