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Purpose: Intravenous lipid emulsions have been used to treat the systemic toxicity of 
local anesthetics. The goal of this in vitro study was to examine the effects of lipid 
emulsions on the norepinephrine-mediated reversal of vasodilation induced by high 
doses of levobupivacaine, ropivacaine, and mepivacaine in isolated endothelium-de-
nuded rat aorta, and to determine whether such effects are associated with the lipid sol-
ubility of local anesthetics. Materials and Methods: The effects of lipid emulsions 
(0.30, 0.49, 1.40, and 2.61%) on norepinephrine concentration-responses in high-dose 
local anesthetic (6×10-4 M levobupivacaine, 2×10-3 M ropivacaine, and 7×10-3 M 
mepivacaine)-induced vasodilation of isolated aorta precontracted with 60 mM KCl 
were assessed. The effects of lipid emulsions on local anesthetic- and diltiazem-in-
duced vasodilation in isolated aorta precontracted with phenylephrine were also as-
sessed. Results: Lipid emulsions (0.30%) enhanced norepinephrine-induced contrac-
tion in levobupivacaine-induced vasodilation, whereas 1.40 and 2.61% lipid emulsions 
enhanced norepinephrine-induced contraction in both ropivacaine- and mepivacaine-
induced vasodilation, respectively. Lipid emulsions (0.20, 0.49 and 1.40%) inhibited 
vasodilation induced by levobupivacaine and ropivacaine, whereas 1.40 and 2.61% lip-
id emulsions slightly attenuated mepivacaine (3×10-3 M)-induced vasodilation. In addi-
tion, lipid emulsions attenuated diltiazem-induced vasodilation. Lipid emulsions en-
hanced norepinephrine-induced contraction in endothelium-denuded aorta without 
pretreatment with local anesthetics. Conclusion: Taken together, these results suggest 
that lipid emulsions enhance the norepinephrine-mediated reversal of local anesthetic-
induced vasodilation at toxic anesthetic doses and inhibit local anesthetic-induced va-
sodilation in a manner correlated with the lipid solubility of a particular local anesthetic.

Key Words: 	�Lipid emulsion, local anesthetic-induced vasodilation, norepineph-
rine, systemic toxicity of local anesthetic

INTRODUCTION

Intravenous lipid emulsions have been used to treat systemic toxicity induced by 
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Preparation of aortic rings for tension measurement
Preparation of aortic rings for tension measurements was 
performed as described previously.7 Male Sprague Dawley 
rats weighing 250-300 g were anesthetized by intramuscu-
lar injection of Zoletil 50 (15 mg/kg, Virbac Laboratories, 
Carros, France). The descending thoracic aorta was dissect-
ed, and surrounding connective tissue and fat were re-
moved under microscopic guidance in a Krebs solution 
bath (118 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO4, 1.2 
mM KH2PO4, 2.4 mM CaCl2, 25 mM NaHCO3, and 11 
mM glucose). The aortas were cut into 2.5-mm rings, sus-
pended on Grass isometric transducers (FT-03, Grass In-
strument, Quincy, MA, USA) under a 3.0-g resting tension 
in a 10-mL Krebs bath at 37°C, and aerated continuously 
with 95% O2 and 5% CO2 to maintain a 7.35-7.45 pH 
range. The rings were equilibrated for 120 min, changing 
the bath solution every 30 min. The endothelium was re-
moved from some aortic rings by inserting a 25-gauge nee-
dle into the lumen of the rings and gently rubbing the ring 
for a few seconds. Once phenylephrine (10-8 M)-induced 
contraction had stabilized, endothelial denudation was con-
firmed by the observation of less than a 10% relaxation in-
duced by acetylcholine (10-5 M). Each ring was used for 
only one concentration-response curve induced by norepi-
nephrine, local anesthetics (i.e., levobupivaciane, ropiva-
caine, and mepivacaine), lipid emulsion (SMOFlipid® 20% 
emulsion: Fresenius Kabi Korea, Seoul, Korea), and diltia-
zem. The Krebs solution also contained the nitric oxide 
synthase inhibitor Nw-nitro-L-arginine methyl ester (10-4 
M) to prevent release of endogenous nitric oxide from re-
sidual endothelium.7-9,16 The contactile response induced by 
isotonic KCl (60 mM) was measured for endothelium-de-
nuded aorta, which was used for only norepinephrine con-
centration-response curves in aorta with resting tension, 
and used as a reference value.

Experimental protocol
The first series of experiments assessed the effects of lipid 
emulsions on the norepinephrine concentration-response 
curves in high-dose local anesthetic-induced vasodilation of 
endothelium-denuded aorta precontracted with 60 mM KCl. 
Local anesthetic (levobupivacaine, ropivacaine, and mepi-
vacaine) treatment of isolated endothelium-denuded rat 
aorta produces vasoconstriction at low doses and vasodila-
tion at high doses.7,17 Lipid emulsion also reverses high-
dose local anesthetic-induced vasodilation in a manner de-
pendent on the lipid solubility of local anesthetics.7 Thus, 

local anesthetics including bupivacaine, levobupivacaine, 
ropivacaine, and mepivacaine.1-6 High doses of local anes-
thetics (levobupivacaine: 3×10-4 M, ropivacaine: 10-3 M, 
and mepivacaine: 10-2 M) induce inhibition of voltage-op-
erated calcium channel-induced contraction, which may 
contribute to cardiovascular collapse.7-9 Recently, we re-
ported that lipid emulsions reverse high-dose local anes-
thetic-induced vasodilation through the attenuation of local 
anesthetic-mediated inhibition of voltage-operated calcium 
channel-induced contraction in isolated rat aorta.7 The mag-
nitude of the reversal of this vasodilation is strongly corre-
lated with the lipid solubility of the particular local anes-
thetic.7 The combined treatment with lipid emulsion and 
epinephrine (for reversal of cardiac arrest due to the sys-
temic toxicity of bupivacaine) produces a sustained and 
transient improvement of the hemodynamic profile com-
pared with lipid emulsion alone.10-12 However, at epineph-
rine doses exceeding 10 µg/kg, the combined treatment im-
pairs the hemodynamic profile compared with lipid emulsion 
alone.13 In addition, norepinephrine is a potent peripheral va-
sopressor, eliciting its primary effect on alpha-1 adrenocep-
tors, and appears to be most useful among the several vaso-
pressors used for treatment of cardiovascular collapse 
induced by toxic doses of bupivacaine in rats.14,15 However, 
the effects of lipid emulsions on norepinephrine concentra-
tion-response curves in vasodilation induced by high-dose 
aminoamide local anesthetics remain unknown. Therefore, 
the goal of this in vitro study was to examine the effects of 
lipid emulsions on the norepinephrine-mediated reversal of 
severe vasodilation induced by high doses of local anesthet-
ics in isolated endothelium-denuded rat aorta, and to deter-
mine whether these effects are associated with the lipid solu-
bility of the particular local anesthetic. Based on a previous 
study, we tested the hypothesis that lipid emulsions enhance 
the norepinephrine-evoked contractile response of high-dose 
aminoamide local anesthetic-induced vasodilation in a man-
ner correlated with the lipid solubility of the local anesthetic.7 

MATERIALS AND METHODS
　　　

All experimental procedures and protocols were approved 
by the Institutional Animal Care and Use Committee at 
Gyeongsang National University (September, 2010). All 
experimental procedures were performed in accordance 
with the Guide for the Care and Use of Laboratory Animals 
prepared by the National Academy of Sciences. 
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In addition, the effects of lipid emulsions on the phenyleph-
rine-induced precontracted aorta without local anesthetics 
were assessed. After phenylephrine (10-7 M)-induced con-
traction stabilized, the lipid emulsions (0.20, 0.49, 1.40, and 
2.61%) were added directly to the organ bath to produce 
cumulative lipid emulsion concentration-response curves. 

To investigate whether lipid emulsion-mediated attenua-
tion of local anesthetic-induced vasodilation is a non-specific 
action associated with entrapment of lipid-soluble drug by 
lipid emulsion, we assessed the effects of lipid emulsions on 
diltiazem, a relatively lipid-soluble calcium channel antago-
nist, which induced vasodilation in endothelium-denuded 
aorta precontracted with 10-7 M phenylephrine.18 After phen-
ylephrine (10-7 M)-induced contractions had stabilized in en-
dothelium-denuded aorta pretreated with or without lipid 
emulsions (1.40 and 2.61%) for 20 min, incremental concen-
trations of diltiazem (10-8 to 3×10-4 M) were added to the or-
gan bath to produce diltiazem concentration-response curves.

Materials
All drugs were of the highest commercially available puri-
ty. Norepinephrine, diltiazem, Nw-nitro-L-arginine methyl 
ester, phenylephrine, and acetylcholine were obtained from 
Sigma Aldrich (St. Louis, MO, USA). Levobupivacaine and 
ropivacaine were donated by Abbott Korea (Seoul, Korea) 
and AstraZeneca Korea (Seoul, Korea), respectively. Mepi-
vacaine was donated by Hana Pharmaceutical Co., Ltd. 
(Gyeonggi-do, Korea). Lipid emulsion (SMOFlipid® 20% 
emulsion) was donated by Fresenius Kabi Korea (Seoul, Ko-
rea). All drug concentrations are expressed as the final mo-
lar concentration or as the final percentage of lipid emul-
sion in the organ bath. Unless otherwise stated, all other 
drugs were dissolved and diluted in distilled water. 

Data analysis 
Data are expressed as the mean±standard deviation (SD). 
Vascular responses induced by norepinephrine, local anes-
thetics, lipid emulsion, and diltiazem in endothelium-de-
nuded aorta precontracted with isotonic 60 mM KCl or 10-7 
M phenylephrine are expressed as the percent change from 
baseline precontraction induced by isotonic 60 mM KCl or 
10-7 M phenylephrine. Contractile responses to norepineph-
rine in endothelium-denuded aorta with resting tension are 
expressed as a percentage of the maximum contraction in 
response to isotonic 60 mM KCl. The effects of lipid emul-
sions on cumulative concentration-response curves induced 
by norepinephrine, local anesthetics, and diltiazem and on 

based on previous studies and lipid emulsion concentra-
tions, which did not significantly affect high-dose local an-
esthetic-induced vasodilation in the preliminary experi-
ment, both high-dose local anesthetic concentrations to 
produce vasodilation and lipid emulsion concentrations 
were chosen in our in vitro experiment.7,17 After administer-
ing high doses of local anesthetics [6×10-4 M levobupiva-
caine (levobupivacaine group), 2×10-3 M ropivacaine (ropi-
vacaine group), and 7×10-3 M mepivacaine (mepivacaine 
group)] to produce stable and sustained vasodilation in en-
dothelium-denuded aorta precontracted with isotonic 60 
mM KCl, high-dose local anesthetic-induced vasodilated 
aortas were treated with or without lipid emulsions (0.30, 
0.49, 1.40, and 2.16%) for 5 min before the addition of nor-
epinephrine. In the levobupivacaine group, levobupivacaine 
(6×10-4 M)-induced vasodilated aortas were treated with or 
without 0.3% lipid emulsion. In the ropivacaine group, rop-
ivacaine (2×10-3 M)-induced vasodilated aortas were treat-
ed with or without lipid emulsions (0.49 and 1.40%). In the 
mepivacaine group, mepivacaine (7×10-3 M)-induced vaso-
dilated aortas were treated with or without lipid emulsions 
(1.40 and 2.61%). In addition, the effects of lipid emulsions 
on norepinephrine-induced contraction in endothelium-de-
nuded aorta with resting tension and without local anesthet-
ics were assessed. Lipid emulsions (0.30 and 0.49%) were 
added directly to the organ bath for 20 min before the addi-
tion of norepinephrine (10-9 to 10-6 M). Incremental concen-
trations of norepinephrine (10-9 to 10-4 M) were cumulatively 
added to the organ bath to generate norepinephrine concen-
tration-response curves in endothelium-denuded aorta with 
toxic-dose local anesthetic-induced vasodilation (6×10-4 M 
levobupivacaine, 2×10-3 M ropivacaine, and 7×10-3 M mepi-
vacaine) in the presence or absence of lipid emulsions. Sub-
sequent concentrations of norepinephrine were added after 
the previous concentration produced a sustained and stable 
response for 5 min. 

The effects of lipid emulsions on local anesthetic concen-
tration-response curves in endothelium-denuded aorta pre-
contracted with phenylephrine were assessed. The lipid 
emulsion was added directly to the organ bath for 20 min 
before the addition of phenylephrine. After phenylephrine 
(10-7 M)-induced contractions had stabilized, incremental 
concentrations of local anesthetics [levobupivacaine: 10-6 to 
3×10-4 M (levobupivaciane group), ropivacaine: 10-6 to 10-3 
M (ropivacaine group), and mepivacaine: 10-5 to 10-2 M 
(mepivacaine group)] were added to the organ bath to gen-
erate local anesthetic-induced concentration-response curves. 
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vasodilated aortas induced by 6×10-4 M levobupivacaine 
(p<0.05 vs. control at 3×10-8 to 10-4 M norepinephrine) 
(Fig. 1A). Lipid emulsion (0.49%) did not significantly al-
ter norepinephrine-induced contraction during ropivacaine 
(2×10-3 M)-induced vasodilation, but 1.40% lipid emulsion 
enhanced norepinephrine-induced contraction during ropi-
vacaine-induced vasodilation (p<0.05 vs. control at 3×10-7 
to 10-4 M norepinephrine) (Fig. 1B). During mepivacaine 
(7×10-3 M)-induced vasodilation, 1.40% lipid emulsion did 
not significantly alter norepinephrine-induced contraction, 
whereas 2.61% lipid emulsion enhanced norepinephrine-in-
duced contraction (p<0.05 vs. control at 3×10-6 to 10-4 M 
norepinephrine) (Fig. 1C). In addition, lipid emulsions (0.30 

phenylephrine-induced precontraction were analyzed with 
two-way analysis of variance followed by the Bonferroni 
post-test. p-values less than 0.05 were considered significant.

 

RESULTS
 

There was no significant difference in high-dose local anes-
thetic (6×10-4 M levobupivacaine, 2×10-3 M ropivacaine, 
and 7×10-3 M mepivacaine)-induced vasodilation (baseline 
tension) between lipid emulsion-pretreated aortas and con-
trols before the addition of norepinephrine. Lipid emulsions 
(0.30%) enhanced norepinephrine-induced contraction in 

Fig. 1. Effects of lipid emulsions (LEs: 0.30, 0.49, 1.40, and 2.61%) on the norepinephrine concentration-response curves in high-dose levobupivacaine (LBV, 
A)-, ropivacaine (RPV, B)-, and mepivacaine (MPV, C)-induced vasodilation of isolated endothelium-denuded aorta precontracted with 60 mM KCl. Data are 
the means±SD expressed as the percentage of the maximal contraction induced by isotonic 60 mM KCl [100%=3.20±0.30 g (n=6) and 100%=2.96±0.35 g (n=6) 
for endothelium-denuded rings with control and 0.30% LE, respectively, in A; 100%=3.44±0.26 g (n=7), 100%=3.35±0.36 g (n=5), and 100%=3.30±0.22 g (n=7) for 
endothelium-denuded rings with control, 0.49% LE and 1.40% LE, respectively, in B; 100%=3.29±0.50 g (n=5), 100%=3.00±0.56 g (n=5), and 100%=3.08±0.19 g 
(n=5) for endothelium-denuded rings with control, 1.40% LE and 2.61% LE, respectively, in C]. N indicates the number of rats from which descending thoracic 
aortic rings were derived. *p<0.05, †p<0.01, and ‡p<0.001 versus control. SD, standard deviation.
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exerts inhibitory effects on cardiac electrical activity and L-
type calcium channels in isolated cardiac myocytes, leading 
to decreased cardiac output.20 Vasoconstriction induced by 
levobupivacaine, ropivacaine, and mepivacaine is depen-
dent on calcium influx via voltage-operated calcium chan-
nels.8,9,21 However, high doses of levobupivacaine (3×10-4 
M) and mepivacaine (3×10-3 and 10-2 M) attenuate voltage-
operated calcium channel-induced contraction compared 
with control.8,9 In agreement with previous reports, high 
doses of levobupivacaine (6×10-4 M), ropivacaine (2×10-3 
M), and mepivacaine (7×10-3 M) attenuated vasoconstric-
tion induced by voltage-operated calcium channel activa-
tion (Fig. 1).7-9 Relatively low concentration (0.30%) of lip-
id emulsion enhanced norepinephrine-induced contraction 
in the vasodilation induced by 6×10-4 M levobupivacaine, 
whereas lipid emulsions at 1.40 and 2.61%, which are con-
sidered to be relatively high concentrations compared with 
0.3% lipid emulsion used in this study, enhanced norepi-
nephrine-induced contraction in the vasodilation induced 
by ropivacaine (2×10-3 M) and mepivacaine (7×10-3 M), re-
spectively. The decreasing order of lipid solubility (loga-
rithm of octanol/buffer partition coefficient at pH 7.40) of 
local anesthetics is as follows: levobupivacaine (2.539), rop-
ivacaine (2.060), and mepivacaine (1.322).22 Considering 
the lipid solubilities of the local anesthetics, the minimum 
concentration of lipid emulsion (levobupivacaine: 0.30%, 
ropivacaine: 1.40%, and mepivacaine: 2.61%) that is re-
quired to enhance norepinephrine-induced vasoconstriction 
in vasodilated aorta induced by high doses of local anes-
thetics was inversely correlated with the lipid solubility of 
the local anesthetics. One of the suggested underlying mech-
anisms regarding lipid emulsions used for treatment of lo-
cal anesthetic systemic toxicity is the “lipid sink theory”, in 

and 0.49%) enhanced norepinephrine-induced contraction 
in endothelium-denuded aortas without pretreatment with 
local anesthetics (p<0.01 vs. control at 3×10-9 and 10-8 M 
norepinephrine) (Fig. 2).

In endothelium-denuded aortas precontracted with 10-7 M 
phenylephrine, 0.20 and 0.49% lipid emulsions attenuated 
levobupivacaine-induced vasodilation in a concentration-de-
pendent manner (p<0.05 vs. control at 10-4 and 3×10-4 M le-
vobupivacaine) (Fig. 3A). Lipid emulsion at 0.20% had no 
effect on ropivacaine-induced vasodilation, whereas 0.49 
and 1.40% lipid emulsions attenuated ropivacaine-induced 
vasodilation (p<0.05 vs. control at 10-4 to 10-3 M ropiva-
caine) in a concentration-dependent manner (Fig. 3B). How-
ever, 1.40 and 2.61% lipid emulsions slightly attenuated 
3×10-3 M mepivacaine-induced vasodilation (p<0.001 vs. 
control) (Fig. 3C). In addition, the lipid emulsion (0.20 to 
2.61%) itself had no effect on phenylephrine-induced con-
traction (Fig. 4).

Lipid emulsions (1.40 and 2.61%) attenuated diltiazem-
induced vasodilation in endothelium-denuded aortas pre-
contracted with 10-7 M phenylephrine in a concentration-
dependent manner (p<0.05 vs. control) (Fig. 5). 

DISCUSSION

Taken together, these results suggest that lipid emulsions en-
hance norepinephrine-induced vasoconstriction in high-dose 
local anesthetic-induced vasodilation and inhibit local anes-
thetic-induced vasodilation. This effect appears to be corre-
lated with the lipid solubility of a particular local anesthetic.

Cardiac toxicity induced by bupivacaine inhibits sodium 
and L-type calcium channels.19 Levobupivacaine (10-5 M) 

Fig. 2. Effects of lipid emulsions (LEs: 0.30 and 0.49%) on the norepinephrine concentration-response curves of isolated endothelium-denuded aorta without 
local anesthetics. Data are the means±SD expressed as the percentage of the maximal contraction induced by isotonic 60 mM KCl [100%=2.93±0.36 g (n=5), 
100%=3.00±0.42 g (n=5), and 100%=2.74±0.44 g (n=5) for endothelium-denuded rings with control, 0.30% LE and 0.49% LE, respectively]. N indicates the num-
ber of rats from which descending thoracic aortic rings were derived. *p<0.001 and †p<0.01 versus control. SD, standard deviation.
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stimulatory effects of lipid emulsions on voltage-operated 
calcium channels activated by norepinephrine (Fig. 2).24 
This lipid emulsion-mediated voltage-operated calcium 
channel activation may be associated with a potential mech-
anism responsible for lipid emulsion therapy of local anes-
thetic systemic toxicity other than the “lipid sink theory”.25 
Lipid emulsion-mediated enhancement of norepinephrine-
induced contraction (Fig. 2) may partially contribute to nor-
epinephrine-mediated reversal of toxic-dose local anesthet-
ic-induced vasodilation post-treated with lipid emulsion. In 
particular, lipid emulsion (2.61%)-mediated enhanced re-
versal of toxic-dose mepivacaine-induced vasodilation (Fig. 
1C) may be due to lipid emulsion-mediated enhancement 

which lipid-soluble local anesthetics move from tissues to 
lipids.23 Thus, as lipid emulsions are able to extract more lo-
cal anesthetic with a high lipid solubility (e.g., levobupiva-
caine) than a local anesthetic with a low lipid solubility 
(e.g., mepivacaine), a relatively low concentration of lipid 
emulsion may be sufficient to enhance norepinephrine-in-
duced vasoconstriction in levobupivacaine-induced vasodi-
lation compared with mepivacaine-induced vasodilation. 
Consistent with a previous report suggesting that long-chain 
fatty acids stimulate voltage-operated calcium channels, 
lipid emulsions themselves increased norepinephrine-in-
duced contraction of endothelium-denuded isolated aorta 
without local anesthetics, which may be associated with the 

Fig. 3. The effects of lipid emulsions (LEs: 0.20, 0.49, 1.40, and 2.61%) on local anesthetic (levobupivacaine: A, ropivacaine: B, and mepivacaine: C)-induced 
concentration-response curves in isolated endothelium-denuded aorta precontracted with 10-7 M phenylephrine. Data are the means±SD expressed as the 
percentage of the maximal contraction induced by phenylephrine [10-7 M; 100%=2.99±0.34 g (n=7), 100%=3.09±0.35 g (n=5), and 100%=3.11±0.49 g (n=7) for 
endothelium-denuded rings with control, 0.20% LE and 0.49% LE, respectively, in A; 100%=3.42±0.43 g (n=6), 100%=3.30±0.38 g (n=5), 100%=3.50±0.40 g (n=6), 
and 100%=3.30±0.29 g (n=5) for endothelium-denuded rings with control, 0.20% LE, 0.49% LE, and 1.40% LE, respectively, in B; 100%=3.43±0.20 g (n=5), 
100%=3.48±0.77 g (n=5), 100%=3.54±0.40 g (n=5), and 100%=3.46±0.36 g (n=5) for endothelium-denuded rings with control, 0.49% LE, 1.40% LE, and 2.61% LE, 
respectively, in C]. N indicates the number of rats from which descending thoracic aortic rings were derived. *p<0.05, †p<0.01, and ‡p<0.001 versus control. 
A: §p<0.001 versus 0.2% LE. B: §p<0.001 versus 0.49% LE. C: §p<0.001 versus 0.49% LE. SD, standard deviation.
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pressor-induced contraction of isolated vessels without lo-
cal anesthetics or vasopressor-mediated reversal of toxic-
dose local anesthetic-induced vasodilation in conditions of 
metabolic acidosis, which is commonly encountered after 
cardiovascular collapse due to local anesthetic systemic 
toxicity, is needed. In addition to “lipid sink theory”, the 
possible mechanisms associated with lipid emulsion treat-
ment of local anesthetic and other drug intoxication include 
improved fatty acid metabolism, membrane effects, cyto-
protection, inotropic effects, and pharmacokinetic effects, 
and therefore, further research on the impact of lipid emul-
sion on vascular and cardiac physiology is needed.25,26

Lipid emulsions attenuate both vasoconstriction and va-
sodilation induced by levobupivacaine in isolated rat aorta.7 
Similar to a previous report, pretreatment with lipid emul-
sions (0.20, 0.49, and 1.40%) attenuated the vasodilation in-
duced by high concentrations of levobupivacaine and ropi-
vacaine in a concentration-dependent manner, whereas 

of norepinephrine-induced contraction via voltage-operated 
calcium channels activation. In previous in vivo studies in-
volving cardiac arrest due to toxic doses of bupivacaine, a 
combined treatment with lipid emulsion and epinephrine 
provided better recovery than treatment with epinephrine 
alone.10,12 In addition, a previous in vivo study reported that 
norepinephrine, combined with a potent alpha-1 adrenocep-
tor agonistic effect and a less potent beta-1 adrenoceptor 
agonistic effect among various vasopressors, may be the 
best choice for treatment of bupivacaine-induced cardiac 
arrest when all others factors associated with overall recov-
ery are considered.15 As suggested in previous in vivo stud-
ies, in terms of vascular tone recovery from severe arterial 
vasodilation caused by local anesthetic systemic toxicity, 
the combination of lipid emulsion and norepinephrine may 
contribute to better survival after cardiovascular collapse 
induced by toxic doses of levobupivacaine.10,12,15,19 Howev-
er, further study of the effects of lipid emulsions on vaso-

Fig. 4. The lipid emulsion concentration-response curves in endothelium-denuded aorta precontracted with 10-7 M phenylephrine. Data are the means±SD 
expressed as the percentage of the maximal contraction induced by 10-7 M phenylephrine [100%=2.78±0.46 g (n=8) and 100%=2.68±0.45 g (n=8) for endotheli-
um-denuded aortic rings with time-matched control and lipid emulsion, respectively]. N indicates the number of isolated descending thoracic aortic rings. 
SD, standard deviation.

Fig. 5. Effects of lipid emulsions (LEs: 1.40 and 2.61%) on diltiazem concentration-response curves in endothelium-denuded aorta precontracted with 10-7 M 
phenylephrine. Data are the means±SD expressed as the percentage of the maximal contraction induced by phenylephrine [10-7 M; 100%=2.64±0.44 g (n=6), 
100%=2.51±0.22 g (n=5), and 100%=2.59±0.46 g (n=5) for endothelium-denuded rings with control, 1.40% LE, and 2.61% LE, respectively]. N indicates the num-
ber of rats from which descending thoracic aortic rings were derived. *p<0.05, †p<0.01 and ‡p<0.001 versus control. §p<0.05 and ||p<0.01 versus 1.40% LE. SD, 
standard deviation.
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loss of verbal contact, and agitation in animals and humans 
due to systemic toxicity of the local anesthetics, the combi-
nation treatment of lipid emulsion and norepinephrine may 
be more effective than treatment with only norepinephrine 
in terms of vascular tone recovery from severe arterial va-
sodilation and cardiac depression due to systemic toxicity 
induced by the accidental intravascular injection of local 
anesthetics.19,28-30 In addition, in terms of recovery of vascu-
lar tone affected by local anesthetic-induced vascular col-
lapse, the combined treatment of lipid emulsion and norepi-
nephrine may provide better reversal of vasodilation induced 
by toxic doses of levobupivacaine compared to vasodilation 
induced by toxic doses of mepivacaine. Intralipid® (Frese-
nius Kabi AB, Uppsala, Sweden) 20%, which is commonly 
used for the treatment of local anesthetic systemic toxicity, 
is an lipid emulsion composed entirely of long-chain tri-
glyceride, whereas SMOFlipid® 20%, which is an lipid 
emulsion that was used in the current in vitro study, is com-
posed of both long- (61) and medium-chain (39) triglycer-
ides.31 In addition, the formulation of SMOFlipid® 20% 
contains 6% soybean oil, 6% medium-chain triglycerides, 
5% olive oil, 3% fish oil, 0.02% tocopherol, 1.2% purified 
egg phospholipids, 2.5% glycerol, and water for injection.31 
In this study, the minimum concentration (0.2 and 0.3%) of 
lipid emulsion required to enhance norepinephrine-mediated 
contraction of toxic-dose levobupivacaine-induced vasodila-
tion and to inhibit levobupivacaine-induced vasodilation 
seems to be within average plasma concentration (final tri-
glyceride concentration: 1%) achieved after intravenous in-
fusion of the Intralipid® 20% used for treatment of toxic-
dose bupivacaine-induced asystole in rats.32 However, 
further research regarding the appropriate dosing regimen 
for several kinds of lipid emulsions to reverse high-dose lo-
cal anesthetic-induced vasodilaton is needed.

In conclusion, these results suggest that lipid emulsions 
enhance norepinephrine-mediated reversal of vasodilation 
induced by toxic does of local anesthetics in isolated endo-
thelium-denuded aorta in a manner correlated with the lipid 
solubility of the local anesthetic. In addition, lipid emulsion-
mediated augmentation of norepinephrine-induced contrac-
tion (Fig. 2) may be associated with a novel mechanism re-
sponsible for lipid emulsion therapy other than the “lipid 
sink theory”.25 The magnitude of lipid emulsion-mediated 
attenuation of local anesthetic-induced vasodilation may be 
correlated with the lipid solubility of the local anesthetics, 
which is due to the non-specific binding of lipid-soluble 
drugs by lipid emulsions.

pretreatment with 1.40 and 2.61% lipid emulsions slightly 
attenuated 3×10-3 M mepivacaine-induced vasodilation (Fig. 
3).7 The increasing order of minimum concentrations of lip-
id emulsions required to attenuate local anesthetic-induced 
vasodilation is as follows: levobupivacaine: 0.20%, ropiva-
caine: 0.49%, and mepivacaine: 1.40%. Considering lipid 
solubility, the minimum concentration of lipid emulsions 
that is required to produce an inhibitory effect on local an-
esthetic-induced vasodilation appears to be inversely corre-
lated with the lipid solubility of a particular local anesthet-
ic.22 In addition, lipid emulsions themselves had no effect 
on phenylephrine-induced contraction (Fig. 4), suggesting 
that lipid emulsion-mediated attenuation of local anesthetic-
induced vasodilation does not appear to be associated with 
the lipid emulsion-mediated enhancement of phenyleph-
rine-induced contraction. As diltiazem is a relatively lipid-
soluble calcium channel antagonist (octanol/water partition 
coefficient: 19.4), we used diltiazem in this study.18,27 We ex-
amined the effects of lipid emulsions on diltiazem-induced 
vasodilation to investigate whether the lipid emulsion-me-
diated attenuation of local anesthetic-induced vasodilation is 
a non-specific action indicating binding of lipid-soluble drug 
by lipid emulsions. As lipid emulsions (1.40 and 2.61%) at-
tenuated the vasodilation induced by diltiazem in a concen-
tration-dependent manner, these results suggest that lipid 
emulsion-mediated attenuation of local anesthetic-induced 
vasodilation is in fact non-specific binding of lipophilic drug 
by lipid emulsions.

The limitations of this study are as follows: 1) the clinical 
relevance of lipid emulsion-mediated enhancement of nor-
epinephrine-induced vasoconstriction in vasodilation in-
duced by high doses of local anesthetics must be tempered 
by the fact that aortas, regarded as a conduit vessel, were 
used in this in vitro experiment, whereas small resistance 
arterioles control organ blood flow; and 2) as vasoconstric-
tion induced by levobupivacaine and mepivacaine is attenu-
ated by endothelial nitric oxide release in endothelium-in-
tact aorta, endothelial nitric oxide in an in vivo model may 
slightly modify lipid emulsion-mediated enhancement of 
norepinephrine-induced contraction obtained in this study 
which used endothelium-denuded aortas.7-9 Even with these 
limitations, because the high concentrations of levobupiva-
caine (6×10-4 M), ropivacaine (2×10-3 M), and mepivacaine 
(7×10-3 M) used in this experiment exceed the plasma con-
centrations of local anesthetics (levobupivacaine: 1.7 to 
6.2×10-5 M, ropivacaine: 1.3 to 2.3×10-5 M, and mepiva-
caine: 1.8×10-5 M) that induce convulsions, cardiac arrest, 
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