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ABSTRACT

PURPOSE: To compare the incidence of endothelial injury after single-dose or continuous propofol infusion in conventional lipid-
based emulsion (LE) versus microemulsion (ME).

METHODS: Forty-two rabbits (2.5-4.5 Kg) were randomly allocated into seven groups of six animals each: SHAM- surgical treatment
alone; Bolus Control Group — 3 mL-intravenous (IV) bolus of saline; Continuous Infusion Control Group — 3 mL- IV bolus of saline
followed by a continuous infusion of 0.2 ml/kg/min for 60 min; Bolus LE Propofol Group — IV bolus of LE propofol (3 mg/kg); Bolus
ME Propofol Group — IV ME propofol bolus (3 mg/kg); Continuous LE Propofol Group — IV LE propofol bolus (3 mg/kg) followed by
a continuous infusion of 0.2 ml/kg/min for 60 min; Continuous ME Propofol Group — IV ME propofol bolus (3 mg/kg) followed by a
continuous infusion of 0.2 ml/kg/min for 60 min.

RESULTS: There were no statistically significant differences between the studied groups in blood pressure, in central venous pressure
and in the biochemical profile. No significant differences were found in inflammatory mediators and in tissue analysis between the two
emulsions.

CONCLUSION: Microemulsion and lipid-based emulsion propofol had similar inflammatory, biochemical and microscopy profiles.

Thus, microemulsion propofol can be used as an alternative to lipid-based emulsion propofol.
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Introduction

Propofol is currently the agent of choice for both
induction and maintenance of general anesthesia, but it is also
used for sedation

during local anesthesia, in intensive care settings, and in
mechanically ventilated patients to provide hypnotic and amnestic
effects. Present commercial preparations are lipid-based emulsions
containing 1% and 2% propofol formulated in 10% soybean oil.

Propofol as a lipid emulsion (LE) can cause allergic
reactions, rapid bacterial growth due to the presence of organic
products in its formulation, and burning sensations during
injection'?. These adverse effects, inherent to LE, are likely to
indicate aggression to the endothelium and limit its use. Thus,
safer propofol formulations would be of great importance for
clinical use*.

Efforts have been made to reduce the adverse reactions to
LE. Solutions with lower soy bean amounts, vehicles containing
long- and medium-chain fatty acids, albumin emulsions,
cyclodextrin formulations, aqueous solutions associated to
phosphate radicals, among others, have all been tried. No such
solutions significantly reduced propofol’s adverse -effects.
However, some may have longer onset of action and recovery
duration. A novel solvent, polyethylene glycol 660 hydroxystearate
(Solutol® HS15 - BASF, Ludwigshafen, Germany), which is a
water-soluble nonionic solubilizer developed for use in lipophilic
drugs and vitamins, has been used in microemulsions (ME).
In association with propofol, this thermodynamically stable
emulsifier can form microemulsions, with droplets of 10-50 nm,
that seem not only to diminish the side effects and increase the
shell life of the medication but also to decrease the amount of
organic products in its formulation, and thus reduce the possibility
of bacterial contamination. Furthermore, as it causes no pain
when injected intravenously, it is probably less aggressive to the
endothelium than the propofol solvent conventionally used.

The objective of this study was to compare the incidence
of endothelial injury after single-dose or continuous propofol
infusion in conventional lipid-based emulsion (LE) versus
microemulsion (ME), and also to assess the inflammatory effects
caused by both propofol formulations and their repercussions on
hemodynamics, liver function, glycemia and electrolytes.

Methods

The protocol and procedures of this study were approved
by the Committee of Use in Animal Care, Botucatu Medical
School, Sao Paulo State University (UNESP).

Forty-two rabbits (2.5-4.5 Kg) were randomly allocated
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into seven groups of six animals each. All animals received 25
mg/kg of sodium pentobarbital to induce anesthesia followed by
isoflurane in concentrations sufficient to maintain it.

Experimental groups

- SHAM Group (SHA) — six rabbits that did not receive any of
the drugs under study;

-  Bolus Control Group (BCG) — six rabbits that received a 3
mL-intravenous (IV) bolus of saline;

- Continous Infusion Control Group (CCQG) — six rabbits that
received saline as a 3 mL- IV bolus followed by a continuous
infusion of 0.2 ml/kg/min for 60 minutes;

- Bolus LE Propofol Group (BLP) — six rabbits that received an
IV bolus of LE propofol (3 mg/kg);

- Bolus ME Propofol Group (BMP) — six rabbits that received
an IV bolus of ME propofol (3 mg/kg);

—  Continuous LE Propofol Group (CLP) — six rabbits that
received LE propofol as an IV bolus (3 mg/kg) followed by a
continuous infusion of 0.2 ml/kg/min for 60 minutes;

- Continuous ME Propofol Group (CMP) — six rabbits that
received ME propofol as an IV bolus (3 mg/kg) followed by

a continuous infusion of 0.2 ml/kg/min for 60 minutes.
Measurements

- Hemodynamic: mean arterial pressure (mmHg) and central
venous pressure (cm.H,0)

- Biochemical: plasma glycemia, plasma sodium, plasma
potassium, AST— glutamic oxaloacetic transaminase, ALT—
glutamic-pyruvic transaminase, GGT — Gamma-glutamyl
transpeptidase, ALP- alkaline phosphatase

- Inflammatory: Interleukin-6 (IL-6), Tumor necrosis factor-
alpha (TNF- alpha), Interferon gamma (IFN- gamma),
Colony stimulating factor (CSF), and Endothelin.

—  Tissue: Light and electron microscopy of the right jugular

vein and right atrium.
Study assessment time points and periods

Hemodynamic parameters were recorded at the following
time points:
- TO—15 minutes after surgical preparation was ended,
- TI1 - five minutes after bolus injection of propofol or saline
in groups BCG, CCG, BLP, and BMP, or five minutes after
continuous infusion in groups CLP and CMP;



- T2 —15 minutes after bolus injection of propofol or saline
in groups BCG, CCG, BLP, and BMP, or 15 minutes after
continuous infusion in groups CLP and CMP;

— T3 — 60 minutes after bolus injection of propofol or saline
in groups BCG, CCG, BLP, and BMP, or 60 minutes after
continuous infusion in groups CLP and CMP — At this point
in time, the animals were sacrificed by anesthetic overdose

and the study was ended.

Blood was collected over the following periods:

- PO - Blood collection for analysis of blood parameters in all
groups at TO.

- P1 —Blood collection for analysis of blood parameters at 60
minutes after the study drug was injected in groups BCG,
CCG, BLP and BMP, or 60 minutes after continuous infusion
was started in CLP and CMP, which corresponded to the end
of the experiment.

- Blood samples were collected into vacutainers, centrifuged,
aliquoted into three cryovials, and stored at -80°C until
analysis.

—  Tissue parameters were recorded at the end of the experiment.

— At the end of the experiment, (sacrifice), samples of the
right side jugular vein and right atrium were collected
for anatomopathological analyses (light and electron

microscopy).

Experimental sequence

Mean arterial pressure (MAP) and central venous pressure
(CVP) were measured using a transducer (Datex Angstron, model
AS/3) connected to the right carotid artery and the left jugular
vein.

Sections of the right jugular vein (RJV) and right atrium
(RA) were analyzed under light and electron microscopy. By the
end of the experiment, RJV samples were collected from the site
where the catheter tip was inserted for infusion (proximal sample)
and 3cm downward (distal sample). Samples of the right atrium

mid-portion were also collected.

Light microscopy

After immersion in 10% formalin buffer solution for 24
hours, RJV and RA segments were carefully washed, immersed in
70% alcohol, stained with Hematoxylin-Eosin (HE), and mounted
on slides. All slides were examined by a pathologist without prior

knowledge of the experimental conditions.

Effects of propofol in lipid-based emulsion and in microemulsion
on the incidence of endothelial lesion in rabbits

Histological findings were graded from zero to three
according to lesion severity (0=none, 1= mild, 2=moderate,
3=severe) and extension (0=none, 1=up tp 1/3 of the section, 2=
up to 2/3 of the section, 3= more than 2/3 of the section).

The increase in size observed in the nuclei of endothelial
cells was scored based on a 1-3 scale where 1= small, 2= moderate,
and 3= large.

Electron microscopy

After primary fixation in 4% paraformaldehyde and
2.5% glutaraldehyde in 0.1M phosphate buffer (pH = 7.3) for
24 hours, RJV and RA segments were post-fixed in 1% osmium
in the same buffer for two hours, and incubated for 2h in 0.5%
aqueous uranyl acetate. The specimens were then dehydrated in
a graded acetone series, and embedded in epoxy resin (Aralditel).
Sections of 0.5um were stained in 1% methylene, mixed with 1%
azur II and 1% borax. Ultrathin sections, cut from selected blocks,
were contrasted with uranyl acetate solution saturated in 50%
alcohol and lead citrate. Analysis was performed under a Philips,
CM100, transmission electronic microscope, and documented
with Eastman-5302 35-mm film (Kodak).

Quantification of inflammatory mediators

Circulating IL- 2, IL-4, IL-6, IL-8, IL-10, TNF, INF, CSF
and endothelin were simultaneously quantified by flow cytometric

immunoassay.

Statistical analysis

Statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS) version 17.0, using Profile
Analysis. Significance level was set at p<0.05.

Profile analysis was used when variables were normally
distributed and variances were homogeneous. Otherwise, the test
of Friedman was used for intra-group comparisons and the Kruskal
Wallis test for comparison among groups at different time points.

For variables analyzed only once, variance analysis for a
random design was used when variable distribution was normal,
and the Kruskal Wallis test was used when the distribution was
not normal. As hemodynamic and biochemical variables were
not normally distributed, non-parametric tests were used. The
Kruskall-Wallis test was used for comparisons among groups,
followed by the test of multiple comparisons, when applicable,

and the test of Wilcoxon for comparisons among time points.

Acta Cirurgica Brasileira - Vol. 28 (12) 2013 - 835



Paco CD et al.

As inflammatory variables were normally distributed, a profile
analysis was performed.

Light microscopy findings were compared among groups
by a non-parametric Kruskall-Wallis test, followed by a Dunn test

for multiple comparisons.

Results

Hemodynamic variables

There were no statistical differences in MAP and CVP

among the groups and time points studied.

Biochemical variables

There were no statistical differences in biochemical

variables among the groups and time points studied.

Inflammatory variables

Of'the interleukins studied, only IL-6 statistically differed
among time points in groups SHA and CCG.

Endothelin concentration showed a time-dependent
increase in all groups studied, irrespective of whether propofol in

ME or LE, or saline infusion was used.

Tissue variables

Light microscopy of the RJV (Proximal and distal)

No statistical difference regarding the extension and
intensity of nuclear hyperchromasia was observed among groups.
However, in the groups receiving continuous infused propofol in
ME or LE, there was a greater increase in mean cell nucleus size
with no difference between solvents. As inflammation extension
and severity was assessed, the group CLP showed a significant
increase in relation to the group SHA, but did not differ from the
other groups. In the group CMP, endothelial edema was larger than
in groups SHA and BCG, but no statistical difference was found
when it was compared with the group CLP. Subendothelial edema
severity was greater in the group CMP than in the group SHA. No
statistical difference was observed when comparison was made
with the group CLP because all animals in the group CMP showed
severe subendothelial edemas, while the animals in the group CLP
displayed edemas that varied from moderate to severe (Tables 1
and 2; Figures 1 and 2)
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TABLE 1 - Median, Ist and e 3rd quartile, between
brackets, of wvariable scores for proximal and distal vessels

according to group.

Variable
Nuclear Nuclear
Nuclear size Extension of Intensity of
Group hyperchromasia hyperchromasia
increase
extension intensity
SHA 3.0[3.0;3.0] 3.0[3.0;3.0] 0.0[0.0;0.0]C  0.0[0.0;0.0]B 0.0[0.0;0.0]C
BLP 3.0[3.0;3.0] 3.0[3.0;3.0] 1.0[1.0;2.0]BC  1.0[1.02.0]AB  2.0[1.0;2.0]BC
BCG 3.0[2.0;3.0] 3.0[2.0;3.0] 1.0[1.0;2.0]ABC 2.0[0.0;2.0]AB 1.0[0.0;1.0]ABC
CCG 3.0[3.0;3.0] 3.0[3.0;3.0] 2.0[0.0;2.0]ABC 2.0[0.0;3.0]AB 2.0[0.0;3.0]JABC
CMP 3.0[2.0;3.0] 3.0[2.0;3.0] 2.0[2.0;3.0]AB 2.0[2.0;3.0]AB 2.0[2.0;3.0]AB
BMP 2.0[2.0;3.0] 3.0[2.0;3.0] 2.0[1.0;3.0]ABC 2.0[1.0;2.0]AB 2.0[1.0;3.0]JABC
CLP 3.0[2.0;3.0] 3.0[2.0;3.0] 3.0[2.0;3.0]A  3.0[2.0;3.0]A  3.0[3.0;3.0]A
P value 0.06 0.37 <0.001 <0.001 <0.001

Capital letters compare groups
Groups followed by at least one letter in common do not statistically differ

TABLE 2 - Median, Ist and ¢ 3rd quartile, between
brackets, of variable scores for proximal and distal vessels

according to group.

Variable
Group -Extension‘of -Inlensity f)f . edema
inflammation inflammation edema extension severity

SHA 0.0[0.0;0.0] 0.0[0.0;0.0] 0.0[0.00.0]C 0.0[0.0;0.0]B
BLP 0.0[0.0;0.0] 0.0[0.0;0.0] 2.0[1.0;3.0]AB 2.0[2.0;2.0]AB
BCG 0.0[0.0;0.0] 0.0[0.0;0.0] 0.0[0.0;2.0]BC 0.0[0.0;2.0]B
CCG 0.0[0.00.0] 0.0[0.0;0.0] 0.0[0.0;2.0]ABC 1.0[0.0;3.0]AB
CMP 0.0[0.0;1.0] 0.0[0.0;1.0] 3.0[2.0;3.0]A 3.0[3.0;3.0]A
BMP 0.0[0.0;0.0] 0.0[0.0;0.0] 2.0[2.0;2.0]ABC 2.0[2.0;3.0]AB
CLP 1.0[0.0;2.0] 1.0[0.0;1.0] 3.0[0.0;3.0]AB 3.0[1.0;3.0]AB

P value 0.06 0.07 <0.001 <0.001

Capital letters compare groups
Groups followed by at least one letter in common do not statistically differ



FIGURE 1 - A and B) BMP animal 30G: Nuclear hyperchromasia, high
nuclei and subendothelial edema HE. x100; C and D) CLP animal 4H:
Nuclear hyperchromasia and subendothelial edema HE. x100; E and F)
CMP animal 13H: Nuclear hyperchromasia and subendothelial edema
HE. x200 and x400; (notice that subendothelial edema intensity differs
among groups).

‘4 E

FIGURE 2 - A and B) Sha animal 3G: Usual aspect of the vessel wall and
endothelium HE. x100 and x400; C and D) BCG animal 11H: presence
of high nuclei and absence of subendothelial edema subendotelial x400
and x1000; E) CCG animal 22H: presence of high nuclei and discreet
subendothelial edema HE x400.

Effects of propofol in lipid-based emulsion and in microemulsion
on the incidence of endothelial lesion in rabbits

Right atrium

There were no differences among the groups studied.
The group BMP showed a tendency toward a larger number of
damaged cells than the other groups, but statistical significance

was not reached.

Transmission electron microscopy (MET)

Given that analyses were performed at very high
magnification, MET results were focal and described slide by
slide. Lymphocyte infiltrates were found in the endothelium of
the vessels submitted to propofol infusion. Since the endothelium
normally repels these cells, this finding is indicative of endothelial
damage.

The major findings observed in the slides obtained from

the groups studied were as follows (Figures 3 to 6).

FIGURE 3 - Intact endothelial nucleus.

FIGURE 4 - Endothelial detachment and discreet collagen fiber
rearrangement.
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FIGURE 5 — A. Endothelial inflammatory process. B. Presence of white
cell next to the endothelial cell nucleus.

oo™

FIGURE 6 — A. Disarranged connective tissue. B. White cell invading
the endothelium.

SHA  No visible alterations.

BCG Intact endothelial nucleus and normal endothelial cell.

CCG Inflammatory process. Endothelial cell invaded by white
cell.

BLP  Discreet endothelial displacement.

CLP  Endothelial detachment and discreet collagen fibers
rearrangement.

BMP  Presence of small bubbles within the nucleus.

CMP Slightly disorganized connective tissue. Inflammatory

process with white cells around the nucleus. Disarranged

cellular tissue.

Discussion

Under the experimental conditions of the present study,
no significant statistical difference was observed among groups
regarding the use of lipid-based emulsion or microemulsion
solvents and saline.

Only tissue variables, as revealed by both light and TEM
microscopy, indicated a tendency toward greater cell damage

and subendothelial edema in the group receiving propofol in
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microemulsion.

Hemodynamics

Propofol is known to induce greater reduction in systolic
arterial pressure than sodium thiopental®, as well as to produce
12% and 15% decreases in cardiac output and systemic vascular
resistance, respectively’. Such lowering in vascular resistance has
been attributed to sympathetic activity inhibition, while cardiac
output reduction may be associated with decreased intracellular
calcium availability resulting from reduced trans-sarcolemmal
calcium influx®®. In this study, no significant drop in mean arterial
pressure was observed among the animals receiving propofol as
compared with those receiving saline or no solution. This might be
due to the fact that the animals were already anesthetized, which
might have diminished the influence of the autonomous nervous
system on the maintenance of systemic vascular resistance.
Furthermore, the effects of propofol on arterial pressure are more
intense in older, hypovolemic patients with impaired left ventricular
function. The fact that the animals used in this study were healthy
and pre-hydrated attenuated the hypotensive response to propofol.

No significant changes in mean arterial pressure or in
central venous pressure were observed with any of the solvents
tested, although ME has been reported to produce larger
concentrations of free aqueous propofol than LE. In this study,
this did not lead to greater decrease in mean arterial pressure >'°.
This was also observed by Morey et al.'!, who investigated the
hemodynamic aspects of propofol in microemulsion in dogs.
While comparing macroemulsions with microemulsions, they
did not find significant variation in mean arterial pressure''. Sudo
et al® also did not detect significant differences in mean arterial
pressure when comparing propopofol in macroemulsion versus

microemulsion in rats.

Biochemistry

Few electrolytic alterations have been associated with the
use of propofol. When present, such alterations most frequently
occur after prolonged infusions'?. Part of the -electrolytic
alterations result from the use of antimicrobial agents such as
EDTA, present in lipid emulsions. EDTA, in prolonged infusions,
can briefly affect the homeostasis of plasma electrolytes such as
calcium, magnesium, zinc, copper and cobalt'®. However, this was
not observed in this study. Neither the continuous infusion nor the
bolus injection of the different emulsions caused any significant

electrolyte variation.



Regarding the enzymes AST, ALT, ALP and GGT, Kimura
et al." reported increased AST concentration on post-operative
day 1 in a study conducted with patients with ASA physical status
I or II receiving anesthesia with propofol for elective operations.
Such observation, however, might have been biased by the fact
that the type and duration of the surgical procedure are related
with postoperative enzyme alterations. Patients submitted to
prolonged pneumoperitoneum very often show increased AST and
ALT concentrations, irrespective of the type of anesthesia used'.
Consistently with our results, other authors did not detect any
significant change in the concentration of these enzymes during
the study period'®!”.

In line with other reports's, no significant change in
glycemia was observed in the groups receiving propofol, whether
in ME or LE, as compared with the SHAM and control groups.

Inflammatory mediators

Only some of the many existing cytokines were analyzed
in this study. Among them, only IL-6, which is abundantly released
by endothelial cells, is implicated in endothelial permeability!*-°,
and can regulate the acute immune response?', showed significant
alterations among the groups studied.

Propofol has been demonstrated to have anti-inflammatory
effects, especially in a state of inflammation overload, that reduce
the biosyntheses of TNF-a, IL-1p, and IL-6 in vitro**>. Moreover,
propofol seems to attenuate neutrophil chemotactic function,
phagocytosis, respiratory burst activity, and, specifically, IL-8
concentration®. In this study, the use of propofol and its vehicles
did not cause changes in IL-8 concentration. However, the
maintenance of high IL-6 levels not allowing the clearance of this
interleukin was observed in groups such as SHA and CCG. Crozier
et al** also demonstrated increased IL-6 concentration in patients
receiving propofol. However, compared with isoflurane, propofol
seemed to attenuate the increase in circulating IL-6. Comparison
between ME and LE yielded no significant difference. Thus, it
is possible to infer that the attenuation of IL-6 increase does not
depend on the type of solvent used.

Endothelin concentration did not significantly differ
with the type of propofol solvent used or between treated animals
and controls. However, a time-dependent increase in endothelin
concentration was observed in all groups. Endothelin-1 (ET-
1) is one of the most potent endogenous vasoconstrictor. It is
released continuously from endothelial cells, smooth muscle
cells, leukocytes, macrophages and neurons, and contributes

to the maintenance of vascular tone. ET-1 release is strongly

Effects of propofol in lipid-based emulsion and in microemulsion
on the incidence of endothelial lesion in rabbits

inhibited by nitric oxide (NO), as well as by conditions of reduced
NO production that culminate in increased serum endothelin
concentrations such as chronic renal failure, heart failure, diabetes,
and others®. Propofol has been associated with reduction in
endothelin concentration, especially following cerebral ischemia.
However, inhalation anesthetics, such as isoflurane, can inhibit
constitutive NO synthase®*?’. Thus, as all groups in this study
were maintained with isoflurane, a time-dependent increase in

endothelin concentration was expected.

Light microscopy

Our light microscopy findings showed that the groups
receiving propofol in microemulsion tended to show a larger
number of damaged cells and subendothelial edema of greater
severity. Propofol is recognized to affect neutrophil migration,
but little is known about the effects of the solvent on endothelial
lesion under light microscopy?. This study detected no change
in inflammatory mediators that could explain the higher
intensity of the subendothelial injury. It is possible that this
higher intensity partially resulted from a localized endothelial
lesion with focal increases in inflammatory mediators that were
not sufficient elevated systemic concentrations. Furthermore,
microemulsification seems to cause a lesion in addition to that
provoked by propofol, especially when continuously infusion is

used.

Electron microscopy

The behavior of electron microscopy findings was very
similar to that of light microscopy. There was a tendency toward a
more intense inflammatory response with the use of ME. However,
even in the control group that only received saline, endothelial
alterations with neutrophil infiltrates were observed.

In normal situations, the endothelium is known to repel
these cells, which are only present in cases of endothelial lesion
with acute inflammatory reaction.

In conclusion, animal studies might yield results different
from those obtained in human studies. However, some animal
species are better suited than humans for some investigations. This
present study, which involved the examination of the endothelium
and the right atrium, would only be possible using animals. Thus,
the rabbit was chosen as the experiment animal for its proximity to
humans regarding inflammatory response. Moreover, specific kits
for measuring cytokines in this animal species are easily available.

Thus, although not the ideal, the rabbit was the animal
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species closest to humans regarding the main topic of this study,

which was the analysis of possible endothelial lesions caused by

different propofol solvents from the standpoint of inflammatory

variables.

Conclusion

Microemulsion and lipid-based emulsion propofol had

similar inflammatory, biochemical and microscopy profiles. Thus,

microemulsion propofol can be used as an alternative to lipid-

based emulsion propofol.
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