
Lipids (2017) 52:235–243
DOI 10.1007/s11745-016-4225-y

1 3

ORIGINAL ARTICLE

Lipid Emulsions Containing Medium Chain Triacylglycerols 
Blunt Bradykinin‑Induced Endothelium‑Dependent Relaxation 
in Porcine Coronary Artery Rings

Said Amissi1 · Julie Boisramé‑Helms2,3 · Mélanie Burban1 · Sherzad K. Rashid1 · 
Antonio J. León‑González1 · Cyril Auger1 · Florence Toti1 · Ferhat Meziani2,3 · 
Valérie B. Schini‑Kerth1 

Received: 14 March 2016 / Accepted: 14 December 2016 / Published online: 2 January 2017 
© AOCS 2017

chelating agents (neocuproine, tetrathiomolybdate, deferox-
amine and l-histidine). Lipidem® significantly increased the 
arterial level of oxidative stress. The present findings indicate 
that lipid emulsions containing LCT/MCT induce endothe-
lial dysfunction in coronary artery rings by blunting both 
NO- and EDH-mediated relaxations. The Lipidem®-induced 
endothelial dysfunction is associated with increased vascular 
oxidative stress and the formation of COX-derived vasocon-
strictor prostanoids.

Keywords Cyclooxygenase · Endothelial dysfunction · 
Lipid emulsion · Medium-chain triacylglycerols · Oxidative 
stress

Abbreviations
DHA  Docosahexaenoic acid (22:6n-3)
EDH  Endothelium-dependent hyperpolarization
EPA  Eicosapentaenoic acid (20:5n-3)
KCN  Potassium cyanide
LCT  Long chain triacylglycerols
MCT  Medium chain triacylglycerols
MnTMPyP  Mn(III) Tetrakis(1-methyl-4 pyridyl) 

porphyrin
NAC  N-acetylcysteine
NO  Nitric oxide
PUFA  Polyunsaturated fatty acid
ROS  Reactive oxygen species
VAS-2870  3-Benzyl-7-(2-benzoxazolyl) thio-1,2,3-tria-

zolo (4,5-d) pyrimidine

Introduction

Lipid emulsions are commonly used to provide a nutri-
tional source of calories and to prevent essential fatty 

Abstract Lipid emulsions for parenteral nutrition are used 
to provide calories and essential fatty acids for patients. 
They have been associated with hypertriglyceridemia, hyper-
cholesterolemia, and metabolic stress, which may promote 
the development of endothelial dysfunction in patients. The 
aim of the present study was to determine whether five dif-
ferent industrial lipid emulsions may affect the endothelial 
function of coronary arteries. Porcine coronary artery rings 
were incubated with lipid emulsions 0.5, 1, or 2% (v/v) for 
30 min before the determination of vascular reactivity in 
organ chambers and the level of oxidative stress using elec-
tron paramagnetic resonance. Incubation of coronary artery 
rings with either Lipidem®, Medialipid® containing long- and 
medium-chain triacylglycerols (LCT/MCT), or SMOFlipid® 
containing LCT, MCT, omega-9, and -3, significantly reduced 
the bradykinin-induced endothelium-dependent relaxa-
tion, affecting both the nitric oxide (NO) and endothelium-
dependent hyperpolarization (EDH) components, whereas, 
Intralipid® containing LCT (soybean oil) and ClinOleic® 
containing LCT (soybean and olive oil) did not have such 
an effect. The endothelial dysfunction induced by Lipidem® 
was significantly improved by indomethacin, a cyclooxyge-
nase (COX) inhibitor, inhibitors of oxidative stress (N-acetyl-
cysteine, superoxide dismutase, catalase) and transition metal 
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acid deficiency in critically ill patients [1–3]. Their ben-
efits include the reduction of the potential side effects of 
high glucose perfusion, an essential fatty acids supply, and 
an improved nitrogen balance [4]. Several studies have 
reported that infusion of lipid emulsions is related to hyper-
triglyceridemia [5], hypercholesterolemia, and metabolic 
stress, leading to acute elevation of the free fatty acid (FFA) 
level, which may promote the development of endothelial 
dysfunction by decreasing nitric oxide (NO) formation 
[6–9]. Furthermore, ex vivo studies have reported that some 
individual fatty acids, such as lauric acid and stearic acid, 
attenuate the endothelium-dependent relaxation induced by 
acetylcholine in rabbit aorta rings at physiological concen-
trations [10].

Formulations of clinically used lipid emulsions have dif-
ferent proportions of fatty acids, and, their biological prop-
erties may vary depending on their composition. The first 
generation lipid emulsion Intralipid® containing a large 
amount of long-chain triacylglycerols (LCT) from soybean 
oil including the n-6 polyunsaturated fatty acid (PUFA) 
linoleic acid (18:2n-6) and a relatively low amount of 
α-linolenic acid (18:3n-3) [11, 12]. Linoleic acid is readily 
converted to arachidonic acid (20:4n-6) and subsequently 
metabolized via the cyclooxygenase (COX) and lipo-oxy-
genase (LOX) pathways to pro-inflammatory mediators, 
such as prostaglandins, thromboxanes, and leukotrienes 
[13]. The second generation lipid emulsions with a lower 
PUFA content have been developed by partially replac-
ing the LCT-containing soybean oil by various oils such 
as the medium chain triacylglycerols (MCT)-containing 
coconut oil (Medialipid®), LCT-containing olive oil (Clin-
Oleic®), LCT/MCT-containing fish oil (Lipidem®), or, as a 
third-generation of lipid emulsions, LCT/MCT-containing 
olive and fish oils, rich sources of long-chain n-3 PUFAs 
(SMOFlipid®) [14].

Omega-3 long-chain PUFAs, eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA), which can com-
pete with arachidonic acid for the production of less inflam-
matory eicosanoids, are absent in vegetable oils [15]. A 
recent study has indicated the ability of both EPA, DHA, 
and, in particular, the EPA:DHA 6:1 ratio to induce endothe-
lium-dependent relaxations of porcine coronary artery rings, 
and to increase the endothelial formation of NO subsequent 
to the redox-sensitive activation of the phosphoinositide 

3-kinase/Akt pathways leading to the phosphorylation of 
eNOS at the activation site Ser1177 [16].

Therefore, the aim of the present study was to deter-
mine the effect of five different industrial lipid emulsions 
on the endothelial function of isolated porcine coronary 
arteries. The endothelial function was assessed in response 
to bradykinin, a potent inducer of endothelium-dependent 
relaxations of human and porcine coronary arteries involv-
ing both NO and endothelium-dependent hyperpolarization 
(EDH) [17].

Materials and Methods

Lipid Emulsions and Reagents

The following lipid emulsions (20%) were tested: 
Intralipid®, Lipidem®, Medialipid®, ClinOleic®, and 
SMOFlipid®. The composition of the lipid emulsions in 
terms of sources of oil and major fatty acids are presented 
in Tables 1 and 2, respectively. Medialipid® and Lipidem® 
were obtained from B. Braun (Boulogne Billancourt, 
France), Intralipid® and SMOFlipid® from Fresenius-Kabi 
(Sèvres, France), and ClinOleic® from Baxter (Maure-
pas, France). All reagents were obtained from Sigma-
Aldrich (Saint-Quentin Fallavier, France), except U46619 
(9,11-dideoxy-9α-methanoepoxy prostaglandin F2α) from 
Cayman Chemical (Ann Arbor, MI, USA), apamin (APA) 
and charybdotoxin (CTX) from Latoxan (Valence, France), 
and the SOD mimetic MnTMPyP from Enzo Life Sciences 
(Lausen, Switzerland). 

Vascular Reactivity Studies

Vascular reactivity studies were performed using porcine 
coronary artery rings as previously described [18, 19]. 
Pig hearts were collected from the local slaughterhouse 
(COPVIAL, Holtzheim, France). Briefly, the left circum-
flex coronary arteries were excised, carefully cleaned of 
connective tissue in Krebs bicarbonate solution and cut into 
rings (3–4 mm length). In some preparations, the endothe-
lium was mechanically removed by rubbing the intimal sur-
face of rings with a pair of forceps. Rings with or without 
endothelium were suspended in organ chambers containing 

Table 1  Oil source of the 
different lipid emulsions [23, 
48]

Oil source (% by weight) Intralipid® Medialipid® ClinOleic® Lipidem® SMOFLipid®

Soybean oil (LCT) 100 50 20 40 30

Coconut oil (MCT) 0 50 0 50 30

Fish oil (n-3) 0 0 0 10 15

Olive oil (n-9) 0 0 80 0 25
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oxygenated (95% O2; 5% CO2) Krebs bicarbonate solution 
(mM: NaCl 119, KCl 4.7, KH2PO4 1.18, MgSO4 1.18, CaCl2 
1.25, NaHCO3 25, and d-glucose 11, pH 7.4, 37 °C) for the 
determination of changes in isometric tension. The coro-
nary artery rings were stretched to 5 g of tension and then 
allowed to equilibrate for 60 min. After the equilibration 
period, the rings were exposed to a Krebs bicarbonate solu-
tion containing a high concentration of potassium (80 mM) 
until reproducible contractile responses were obtained. After 
a 30 min washout period, the rings were contracted with the 
thromboxane mimetic U46619 (1–60 nM) to about 80% of 
the maximal contraction before addition of bradykinin (BK, 
0.3 µM) to check the presence of a functional endothelium. 
After washout and a 30 min equilibration period, the rings 
were again contracted with U46619 to a plateau level before 
the construction of concentration-relaxation response curve 
to either BK or the NO donor sodium nitroprusside (SNP). 
The endothelium-dependent relaxation was determined in 
response to BK (0.1 nM to 1 µM) and the endothelium-inde-
pendent relaxation in response to SNP (0.1 nM to 1 µM).

To assess the effect of lipid emulsions on the endothelial 
function, coronary artery rings were incubated for 30 min 
either with Intralipid®, Medialipid®, Lipidem® ClinOleic® , 
or SMOFlipid® diluted in Krebs solution to a final concen-
tration of 0.5, 1 or 2% (v/v) before the addition of U46619 
and the subsequent construction of a concentration-relax-
ation curve to bradykinin. Relaxations are expressed as a 
percentage of the sub-maximal contraction to U46619.

The bradykinin-induced endothelium-dependent relaxa-
tion in the porcine coronary artery is mediated by both NO 
and EDH responses [20, 21]. In some experiments, rings 
were incubated with Lipidem® in the presence of differ-
ent pharmacological modulators for 30 min before con-
traction with U46619. The NO-mediated component of 
the relaxation was determined in the presence of the non-
selective COX inhibitor indomethacin (10 µM) and the 
Ca2+-dependent K+ channels inhibitors charybdotoxin 
(CTX, 100 nM) plus apamin (APA, 100 nM) to inhibit 
the formation of prostanoids and the endothelium-derived 
hyperpolarization (EDH)-mediated response, respectively. 
The EDH-mediated component of the relaxation was deter-
mined in the presence of indomethacin (10 µM) and the 
non-selective NO synthase inhibitor NG-nitro-l-arginine 
(L-NA, 300 µM) to avoid the participation of vasoactive 
prostanoids and NO, respectively.

To examine the role of oxidative stress in the vascular 
dysfunction, rings were incubated for 30 min with a ROS 
modulator, such as N-acetylcysteine (NAC, 100 µM), 
MnTMPyP (membrane permeant superoxide dismutase 
mimetic, 100 µM), superoxide dismutase (SOD, 500 U/
mL), polyethyleneglycol-catalase (PEG-catalase, mem-
brane permeant catalase, 500 U/mL), catalase (500 U/mL), 
the copper chelators neocuproine (10 µM), bathocuproine 
(10 µM), and tetrathiomolybdate (TTM, 10 µM), the iron 
chelator deferoxamine (50 µM) and the zinc chelator l-his-
tidine (50 µM), in combination with a lipid emulsion.

Table 2  Composition of the different lipid emulsions [23, 47, 48]

FA fatty acid

Typical FA composition (% of total FA) Intralipid® Medialipid® ClinOleic® Lipidem® SMOFLipid®

Caproic 6:0 0.5 Trace

Caprylic 8:0 28.5 30.0 10.0

Capric 10:0 20.0 19.5 11.0

Lauric 12:0 1.0 Trace

Myristic 14:0 Trace 0.5 1.0

Palmitic 16:0 11.0 7.5 12.0 6.0 10.0

Stearic 18:0 4.0 2.0 2.0 2.5 3.5

Palmitoleic 16:1n-7 1.5 0.5 1.5

Oleic 18:1n-9 24.0 11.0 62.0 8.0 31.0

Linoleic 18:2n-6 53.0 29.0 19.0 24.5 20.0

α-Linolenic 18:3n-3 8.0 4.5 2.5 3.5 2.0

Arachidonic 20:4n-6

Eicosapentaenoic 20:5n-3 3.5 3.0

Docosapentaenoic 22:5n-3 3.0 Trace

Docosahexaenoic 22:6n-3 2.5 2.0

 n-3/n-6 0.15 0.16 0.13 0.51 0.35

α-Tocopherol (µM) 87.0 502.0 75.0 562.0 500.0

 (mg/100 mL) 3.75 21.62 3.23 24.21 21.54
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Electron Paramagnetic Resonance (EPR)

Porcine coronary artery rings were incubated in Krebs-
Hepes solution with a lipid emulsion 1% v/v for 30 min. 
To measure superoxide anions (O2

.-) production, rings were 
allowed to equilibrate in deferoxamine-chelated Krebs-
Hepes solution containing 1 hydroxy-3 methoxycarbonyl 
2,2,5,5-tetramethylpyrrolidin (CMH, Noxygen, Germany; 
500 mM), deferoxamine (25 mM), and DETC (5 mM) 
under constant temperature (37 °C) for 1 h. The reaction 
was stopped by freezing the samples in liquid nitrogen, and 
then samples were analyzed by EPR spectroscopy. Super-
oxide anions cannot be directly measured by ESR due to 
their short half-life. Therefore, the CMH spin-trapping rea-
gent has been used. It reacts with O2

.- to generate the sta-
ble CMN radical, which gives a characteristic triplet signal 
ESR spectra, with an amplitude directly proportional to the 
quantity of CMN present in the sample. The quantification 
of the signal is based on the mean of the height (amplitude) 
of the three signals. Values are expressed in signal ampli-
tude (amplitude, arbitrary units) and expressed as arbitrary 
units per milligram weight of dried tissue (A/Wd).

Statistical Analysis

All values are expressed as the mean ± SEM of n differ-
ent experiments. Statistical analysis was performed using 
one-way and two-way analysis of variance test (ANOVA), 
followed by Bonferroni’s post hoc test as appropriate 
using GraphPad Prism software (version 5.04 for Win-
dows, GraphPad software, Inc., San Diego, CA, USA). A 
P value < 0.05 was considered to be statistically significant.

Results

Lipid Emulsions Affect Endothelial Relaxation

The bradykinin-induced relaxations in coronary artery rings 
with endothelium were significantly reduced in rings pre-
incubated with either Lipidem®, Medialipid®, or SMOF-
lipid® and only minimally affected in those incubated with 
Intralipid® or ClinOleic® (Fig. 1). The relaxation induced 
by 30 nM of bradykinin was 90.7 ± 3.1 and 54.5 ± 6.6% 
in the control rings and the Lipidem® 1%-treated rings, 
respectively (P < 0.05; Fig. 1a).

In contrast, the different lipid emulsions affected mini-
mally the SNP-induced concentration-dependent relaxation 
curve in rings without endothelium (Fig. 1b). Amongst the 
lipid emulsions, Lipidem® induced the most pronounced 
impairment of the bradykinin-induced relaxation at 1%, 
therefore all further experiments were performed with 

Lipidem®. Both 1 and 2%, but not 0.5% of Lipidem® 
significantly reduced the bradykinin-induced relaxation 
(Fig. 1c). In contrast, 1% Lipidem® did not significantly 
affect the serotonin (5-HT)-induced contraction in rings 
either with or without endothelium (Fig. 1d). The effect 
of 1% Lipidem® on U46619-induced contractions in both 
intact and endothelium denuded coronary artery rings is 
shown in Fig. 1e. Lipidem® did not affect contractions to 
U46619 up to 10 nM and increased slightly but signifi-
cantly those to higher concentrations in rings with endothe-
lium (Fig. 1e). In contrast, Lipidem® did not affect contrac-
tions to U46619 in rings without endothelium (Fig. 1e).

Lipid Emulsions Affect Both the NO and the EDH 
Component of the Endothelium‑Dependent Relaxation

Incubation of coronary artery rings with endothelium 
with 1% Lipidem® for 30 min significantly reduced the 
bradykinin-induced endothelium-dependent relaxations, 
affecting both the NO-mediated component, assessed in 
the presence of the combination of indomethacin plus 
CTX and APA (65.4 ± 9.0 vs. 93.2 ± 2.2% in Lipidem®-
treated rings and control rings, respectively; Fig. 2a), and 
the EDH-mediated component assessed in the presence 
of indomethacin plus L-NA (38.7 ± 8.2 vs. 87.1 ± 2.6% 
in Lipidem®-treated rings and control rings, respectively; 
Fig. 2b). In the presence of the COX inhibitor indometha-
cin, relaxations to bradykinin were significantly improved 
in rings incubated with 1% Lipidem® (Fig. 2c).

Role of Oxidative Stress in the Lipidem®‑Induced 
Endothelial Dysfunction

Since lipid emulsions such as Lipofundin (MCT/LCT®) have 
been shown to increase the vascular formation of ROS [19], 
the contribution of oxidative stress in the endothelial dys-
function induced by Lipidem® was evaluated. Therefore, the 
bradykinin response was assessed in the presence of differ-
ent antioxidants or metal chelators. The Lipidem®-induced 
endothelial dysfunction was markedly improved in the pres-
ence either of NAC, SOD, MnTMPyP, catalase, or PEG-cata-
lase (Fig. 3). It was also significantly improved in the presence 
of the membrane-permeable copper chelators neocuproine, 
bathocuproine, and tetrathiomolybdate, the membrane-perme-
able iron chelator deferoxamine, and the zinc chelator l-histi-
dine (Fig. 4). In addition, the possibility that lipid emulsions 
affect the vascular level of oxidative stress and in particular 
superoxide anions was assessed using electron paramag-
netic resonance. The lipid emulsions, Lipidem® and Medial-
ipid® increased the formation of superoxide anions in intact 
coronary arteries, whereas no such effect was observed with 
Intralipid®, SMOFLipid® , and ClinOleic® (Fig. 5).  
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Discussion

The present study has investigated the effect of different 
lipid emulsion formulations on both the vascular and the 
endothelial function. Both the MCT and LCT-contain-
ing lipid emulsions such as Lipidem®, Medialipid®, and 
SMOFlipid® significantly blunted the bradykinin-induced 
endothelium-dependent relaxation in coronary artery rings. 
In contrast, lipid emulsions containing either only LCT 

from soybean (Intralipid®) or a mixture of LCT from soy-
bean and olive oil (ClinOleic®) affected minimally relaxa-
tions to bradykinin. Moreover, since the lipid emulsions 
affecting the endothelial function did not affect the relaxa-
tion to the NO donor sodium nitroprusside, they predomi-
nantly target the endothelial function rather than that of the 
vascular smooth muscle. Lipidem® was selected for fur-
ther characterization of the endothelial dysfunction since 
this lipid emulsion induced the greatest impairment of the 
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Fig. 1  Effect of lipid emulsions on the vascular reactivity to brady-
kinin (a, c) and sodium nitroprusside (b) in porcine coronary artery 
rings with or without endothelium. Coronary artery rings were incu-
bated with either Intralipid®, Medialipid®, ClinOleic®, Lipidem®, or 
SMOFlipid® for 30 min before contraction with U46619, an analogue 
of thromboxane A2, and subsequent relaxation to bradykinin (BK) or 

sodium nitroprusside (SNP). Effect of 1% Lipidem® on the concen-
tration-contraction curve to serotonin (5-HT) (d) and to U46619 (e) 
in endothelium-intact and -denuded coronary artery rings. Rings were 
exposed to 1% Lipidem® for 30 min before the construction of a con-
centration-contraction curve. Results are shown as mean ± SEM of 
7–9 different experiments. *P < 0.05 versus control rings
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endothelial function compared to the other four. These 
experiments have characterized the mechanism underlying 
the Lipidem®-induced blunted endothelial relaxation, and 
determined the role of oxidative stress using various phar-
macological tools, and electron paramagnetic resonance.

The present findings indicate that the Lipidem®-induced 
endothelial dysfunction affected both the NO and the EDH 
components of the relaxation, and that the EDH component 
is affected to a greater extent than the NO component in 
coronary artery rings. In addition, Lipidem® increased the 
contractile response to U46619 to some extent but not that 
to 5-HT. Such a difference might be due to the involvement 
of different signal transduction mechanisms in response 

to the activation of thromboxane prostanoid receptors and 
5-HT receptors.

The fact that indomethacin improved endothelium-
dependent relaxations to bradykinin in Lipidem®-treated 
coronary artery rings suggests the involvement of vasocon-
strictor prostanoids. The COX pathway has been shown 
to play an important role in modulating the endothelial 
function under both physiological and pathological condi-
tions [24]. The COX-1 isoform is constitutively expressed 
in human endothelial cells, whereas endothelial COX-2 is 
induced mainly during the inflammatory response [25]. 
COX catalyzes the synthesis of prostaglandin H2 (PGH2), 
which is the precursor of both vasorelaxant prostanoids, 
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(300 µM) to rule out the formation of vasoactive prostanoids and 
NO, respectively (b). The role of cyclooxygenase-derived vasoactive 
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100 µM; a), native superoxide dismutase (SOD, 500 U/mL or a mem-
brane-permeant SOD mimetic MnTMPyP, 100 µM; b), native cata-

lase (CAT, 500 U/mL or a membrane-permeant catalase PEG-CAT, 
500 U/mL; c) for 30 min before addition of U46619. The results are 
expressed as mean ± SEM of 5–7 different experiments. #P < 0.05 
versus Lipidem® 1%
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such as prostacyclin (PGI2), and vasoconstrictor pros-
tanoids, such as thromboxane A2 (TXA2) [26]. A high con-
tent of n-6 PUFAs, such as linoleic acid, in lipid emulsions 
has been related to a major production of pro-inflamma-
tory mediators derived from arachidonic acid, including 
prostaglandin F2 alpha (PGF2 alpha) and TXA2 through 
the COX pathway [27], and leukotrienes through the lipo-
oxygenase pathway [28, 29], resulting in an increased 
risk of lipid peroxidation, endothelial dysfunction and 
related vascular injury [7, 30–32]. In the present study, an 
increased availability of arachidonic acid might have stim-
ulated the COX-dependent production of vasoconstrictors 
PGH2 and TXA2, and hence, to increase vascular tone. 
Linoleic acid is the most abundant fatty acid present both 
in Lipidem® and Medialipid®, supporting the view that 
Lipidem® might induce endothelial dysfunction by activat-
ing arachidonic acid metabolism through a COX-depend-
ent pathway. These findings are in good agreement with 
previous ones indicating that COX inhibition protected 

the endothelium-dependent vasodilatation against ele-
vated circulating fatty acid levels in humans [33], and 
also improved the endothelium-dependent relaxation of 
microvessels in a hypercholesterolemic porcine model of 
chronic ischemia [34].

Previous studies have reported that lipid emulsions are 
able to increase the level of circulating triacylglycerols and 
the vascular formation of ROS promoting endothelial dys-
function [35–38]. Consistent with these previous studies, the 
antioxidant vitamin C partly restored the blunted acetylcho-
line-induced relaxation induced by free fatty acids, and tria-
cylglycerol attenuated NO formation associated with oxidative 
stress [39, 40]. The present findings indicate that Lipidem® 
and Medialipid® (1%) increased ROS production, whereas 
SMOFLipid®, Intralipid®, and ClinOleic® had little effect. In 
addition, different antioxidants (N-acetylcysteine, superox-
ide dismutase and catalase) improved the Lipidem®-induced 
endothelial dysfunction indicating the involvement of both 
superoxide anions and hydrogen peroxide. Since an improved 
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relaxation was also observed in the presence of a chelator 
either of copper, zinc, or iron, transition metals may pos-
sibly contribute to the formation of ROS through the Fenton 
Haber–Weiss reaction [41]. However, their source remains to 
be clarified and might include besides the cellular pools pos-
sibly also the low level in the physiological salt solution and/or 
the lipid emulsion. The l-arginine-NO pathway is well-known 
to be influenced by oxidative stress since superoxide anions 
can react with NO to form the free radical peroxynitrite [42]. 
An impaired endothelial function might contribute to explain 
the transiently increased mean aortic blood pressure and sys-
temic vascular resistance in conscious dogs following paren-
teral administration of Medialipid®, but not Intralipid®, [43]. 
Medialipid® also enhanced the pro-inflammatory and oxida-
tive/nitrosative markers including COX-2, NO, O2

.-, and pIkB 
in the aorta and heart associated with an exacerbation of the 
peritonitis-induced vascular dysfunction in a rat model of sep-
tic shock [44]. Similarly, Lipofundin® containing LCT/MCT 
and Intralipid® inhibited acetylcholine-induced NO-mediated 
relaxations in the rat aorta [45]. Altogether, these findings 
suggest that although the American Society of Parenteral and 
Enteral Nutrition identified MCT containing oils as a poten-
tially beneficial additive to lipid emulsions [46], further stud-
ies are required to better assess the effect of MCT, LCT, and 
a mixture of LCT/MCT on the pivotal protective effect on 
the endothelium on the vascular system. The different effect 
of lipid emulsions on the endothelial function in the present 
study might be due to differences in fatty acid composition 
such as an increased content of medium-chain fatty acids and 
a reduced content of long-chain fatty acids.

In conclusion, the present findings indicate that lipid 
emulsions containing medium chain triacylglycerols 
including Lipidem® and Medialipid® significantly blunt 
the bradykinin-induced endothelium-dependent relaxation 
in porcine coronary artery rings, and that this effect is due, 
at least in part, to an increased vascular level of oxidative 
stress, which promotes endothelial dysfunction by decreas-
ing both the NO and the EDH components.
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