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ABSTRACT

AIM: To investigate the antioxidative potential of propofol (an intravenous anesthetic with a chemical structure
similar to phenol-based free radical scavengers such as vitamin E) during cardiopulmonary bypass (CPB).  METHODS:
Thirty adult patients referred for elective cardiac procedure with CPB were included and randomly allocated to a
propofol group or a control group.  Patients in the propofol group received propofol (0.1 mg·kg-1·min-1) intrave-
nously for anesthesia maintenance, whereas those allocated to the control group received fentanyl 10 µg/kg intrave-
nously and inhaled enflurane (1 %-1.5 %).  Blood samples were collected at 7 time points: before the start of CPB,
at 30 and 60 min of CPB, at the conclusion of CPB, 10 min after the administration of protamine, and 12 and 24 h
after the cessation of CPB.  Plasma levels of free F2-isoprostanes (sensitive markers of free radicals production)
and complement C5a were determined by mass-spectrometric assay and enzyme immunoassay, respectively.  Neu-
trophil adhesion to endothelial cells was observed at ×200 magnification under a light microscope.  RESULTS:
Levels of F2-isoprostanes, complement C5a and neutrophil adhesion rate increased significantly during and after
CPB in both groups.  There were significantly higher levels of F2-isoprostanes, C5a, and more neutrophils adhering
to endothelial cells in the control group than those in the propofol group, respectively.  CONCLUSION: Cardio-
pulmonary bypass is associated with a great production of damaging free radicals.  Propofol may be beneficial both
as an anesthetic and as a potent free radical scavenger in patients presenting pathologies associated with free radical
reactions during CPB.

INTRODUCTION

Cardiopulmonary bypass (CPB) can lead to the
production of damaging oxygen-derived free radicals[1].
Some oxygen derivatives such as H2O2 and ·OH are
considered to have potent oxidative activity to injure

host tissue[2].  These reactive oxygen species cause lipid
peroxidation of the cell membrane and intracellular Ca2+

overload, which are responsible for mechanical and
metabolic damage [3].  Oxidant injury may be attenuated
by endogenous antioxidant defenses.  Antioxidants within
cell membranes protect the membrane phospholipids
from free radical-mediated lipid peroxidation.  The best
characterized of these is α-tocopherol (vitamin E)[4].
This compound contains a phenol group that donates
hydrogen to free radicals, thus terminating lipid
peroxidation.
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Free radicals are difficult to quantify because of
their high reactivity and very short life-spans.  Prostag-
landin F2–like compounds (termed F2-isoprostanes) may
be good indicators of the extent of lipid degradation by
free radicals.  Morrow et al[5] have discovered a series
of bioactive prostaglandin F2-like compounds that are
produced independently of the cyclooxygenase enzyme
in humans by the peroxidation of arachidonic acid, cata-
lyzed by free radicals.  F2-isoprostanes are initially formed
in situ on phospholipids and are subsequently released.
Levels of F2-isoprostanes in normal human biologic flu-
ids exceed those of cyclooxygenase-derived prostanoids
by approximately one to two orders of magnitude.  In
addition, levels of F2-isoprostanes, both free in the cir-
culation and esterified to tissue phospholipids, increase
dramatically in animal models of oxidant injury[6].  F2-
isoprostanes are therefore recognized as markers of free
radicals production.

During CPB, the activated complement system
(such as C5a) interacts with receptors on the neutro-
phils and induces leukocyte chemotaxis, autoaggregation,
increased adherence, and superoxide generation[7].
Neutrophil activation results in the formation of a large
quantities of oxygen free radicals (superoxide anion and
hydroxyl radicals) and reactive oxygen species, which
can be released into the external tissue environment[8].
Therefore, neutrophil activation and plasma C5a play
important roles in free radicals production and oxida-
tive damage.

Propofol, with a phenol structure, has been used
extensively as a rapidly acting intravenous anesthetic
for inducing and maintaining general anesthesia.  The
antioxidant potential of propofol has never been well
evaluated.  We undertook this study to assess the hy-
pothesis that propofol can inhibit oxidative modifica-
tion of important biologic molecules in humans by de-
termining whether the production of F2-isoprostanes is
decreased and the outcome improved in CPB persons
who are administered propofol as an intravenous anes-
thetic for anesthesia maintenance.

MATERIALS  AND  METHODS

Patients and anesthesia  Thirty patients sched-
uled for elective cardiac surgery with CPB were in-
cluded in this study.  Patients with hepatic and renal
dysfunction, and those having received steroids drugs
in the previous 2 weeks were excluded.  Smokers were
also excluded, for smokers have increased circulating
F2-isoprostanes levels[9].  The patients were divided ran-

domly into a propofol group and a control group, with
15 patients in each group.  Patient and intraoperative
data are summarized in Tab 1.

Anesthesia and CPB technique Diazepam and
scopolamine were used for premedication and anesthe-
sia was induced with fentanyl (20 µg/kg).  Muscle re-
laxation was achieved with vecuronium (0.1 mg/kg).
For anesthesia maintenance of the patients in the con-
trol group, the lungs were ventilated with low concen-
trations of enflurane (1.2 %-1.8 %) in pure oxygen until
shortly before CPB was started, when enflurane inhala-
tion was discontinued.  Fentanyl 10 µg/kg was used
during CPB.  Propofol (0.1 mg·kg-1·min-1) was adminis-
tered for anesthesia maintenance of the patients in the
propofol group after tracheal intubation.

Heparin 4 mg/kg was used as anticoagulant agent.
The activated clotting time (ACT) was maintained
>480 s during CPB.  CPB was performed with
nonpulsatile flow of 2.4 L/min per BSA (body surface
area) with a Sarns 9000 roller-pump (Sarns/3M, Ann
Arbor, Mich) and membrane oxygenator.  Patients were
cooled down to 34 ºC (nasopharyngeal) at the begin-
ning of CPB and rewarmed to 36 ºC before weaning
from bypass.  After CPB, heparin was neutralized with
protamine sulfate until the preoperative ACT was
achieved.

Blood samples Blood samples were collected at 7
points of time: (1) before the start of CPB, (2,3) at 30
and 60 min of CPB, (4) at the conclusion of CPB, (5)
10 min after the administration of protamine, and (6,7)
12 and 24 h after the cessation of CPB.  Samples were
obtained from the arterial line before (heparinized blood)
and after CPB (heparin used as anticoagulant).  During
CPB, samples were obtained from the arterial limb of
the CPB circuit.

Measurements of F2-isoprostanes  Plasma F2-
isoprostanes were extracted with one-step extraction
procedure[10] and plasma free F2-isoprostanes measured
with gas chromatography-mass spectrometry[11].
Briefly, heparinized blood sample (4 mL) was collected
into a tube containing indomethacin, an inhibitor of
cyclooxygenase, at a final concentration of 15 µmol/L.
The blood tube was centrifuged at 2400×g at 4 ºC for
10 min to separate plasma and erythrocytes.  Aliquots
of plasma (1 mL) were transferred to the Eppendorf
tubes containing butylated hydroxytoluene, a scavenger
of free radicals, at a final concentration of 20 µmol/L.
One milliliter of 1 mol/L KOH was added to the Eppendorf
tube containing the plasma sample.  The plasma sample
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was hydrolyzed at 40 ºC for 30 min to release bound
(esterified) lipids.  At the end of the hydrolysis, 1 mL of
1 mol/L HCl and 2 mL of 100 mmol/L formate buffer
(pH 3.0) were added.  The sample was centrifuged at
2400×g for 10 min; the supernatant was then ready for
solid-phase extraction.  The sample was then applied to
an Oasis HLB extraction cartridge preconditioned with
methanol and 10 mmol/L formate buffer (pH 3.0).  The
cartridge was washed with 5 mL of the formate buffer
followed by 5 mL of acetonitrile-water (15:85 by
volume).  F2-isoprostanes were eluted by washing the
cartridge with 2 mL of hexane-ethyl acetate-propan-2-ol
(30:65:5 by volume).  F2-isoprostanes obtained by the
purification procedures were analyzed by gas chroma-
tography-mass spectrometry[11].  Data are expressed in
picomoles per liter (pmol/L).

Complement C5a assay  All blood samples were
immediately evaluated and spun at 2000×g for 15 min;
the plasma was separated and frozen at -70 ºC.  Comple-
ment C5a was measured by enzyme immunoassay.

Neutrophil adhesion to endothelial cells  Hu-
man pulmonary artery endothelial cells (HPAECs) were
cultured with a standard method[12].  One hundred mi-
croliters of isolated neutrophils (5×105 cells/mL) from
the propofol or control group were applied to HPAEC
monolayers in six-well tissue culture plates in a humidi-
fied multigas incubator for 48 h.  Nonadherent neutro-
phils were removed by gently washing the plates three
times with prewarmed Dulbecco’s phosphate-buffered
saline.  Ten randomly selected fields were read at ×200
magnification under an optical microscope.  Neutrophil
adhesion rate was evaluated by counting the number of
neutrophils adhering to the endothelial cell monolayer.
Data are expressed in cells per mm2 (cells/mm2).

Statistical analysis  All values are expressed as
mean±SD.  Comparisons between groups were made by

means of two-way analysis of variance for repeated
measurements.  Comparisons within groups were performed
by means of one-way analysis of variance followed by
the Tukey test for multiple comparisons.

RESULTS

Clinical parameters  The groups did not differ
in sex, age, severity of disease, CPB time, and aortic
cross-clamping time (Tab 1).

F2-isoprostanes levels  Before CPB, free F2-
isoprostanes levels were similar in both groups.  Sig-
nificant increases of free F2-isoprostanes were observed
in both groups during and after CPB.  Compared with
those in the propofol group, the levels of free F2-isopro-
stanes in the control group were significantly higher at
30 and 60 min of CPB, at 12 h and 24 h after CPB
cessation, and most significantly at the end of CPB and
at 10 min after protamine administration, respectively.
The changes of free F2-isoprostanes levels were shown
in Fig 1.

C5a concentrations  Plasma concentrations of
C5a increased sharply in both groups compared to the
respective value before CPB.  Compared with those in
the propofol group, plasma concentrations of C5a in
the control group increased most significantly at 30 and
60 min of CPB, at the end of CPB, at 10 min after
protamine administration, at 12 h and 24 h after CPB
cession, respectively (Fig 2).

Neutrophil adhesion rate  Before CPB, there was
no difference of neutrophil adhesion rate between two
groups (Fig 3).  There was a dramatic increase of neu-
trophil adhesion rate in both groups during and after
CPB.  In contrast, a much higher increase of neutrophil
adhesion rate was observed in the control group than
that in the propofol group during and after CPB.

Tab 1.  Patient characteristics and intraoperative data.

                                                                                                                   Clinical parameters
                                                                       Sex                     Age/year             MVR      MVR           CPB/min            ACT/min
                                                               M              F                                                       +AVR

Control 11 4 50.2±8.9   8 7 142.5±49.4 61.6±21.9
Propofol/0.1 mg·kg-1·min-1 10 5 48.2±10.8 11 4 120.3±38.9 50.6±42.8

M, Male; F, female; MVR, mitral valve replacement; AVR, aortic valve replacement; CPB, cardiopulmonary bypass; ACT, aortic-
clamping time.
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Fig 1.  Plasma levels of F2-isoprostanes before, during, and after CPB in the propofol group and in the control group.
Mean±SD.  aP>0.05, bP<0.05, cP<0.01 vs baseline; dP>0.05, eP<0.05, fP<0.01 vs control group.

Fig 2.  Plasma levels of complement C5a before, during, and after CPB in the propofol group and in the control group.
Mean±SD.  cP<0.01 vs baseline; dP>0.05, fP<0.01 vs control group.

Fig 3.  Neutrophil adhesion to endothelial cells before, during, and after CPB in the propofol group and in the control group.
Mean±SD.  cP<0.01 vs baseline; dP>0.05, fP<0.01 vs control group.
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DISCUSSION

Although free radicals contribute to many damag-
ing states, their role is difficult to quantify.  Because
free radicals themselves are highly reactive, with life
spans of the order of microseconds for most oxygen-
derived radicals, they can be measured only directly by
electron spin resonance spectroscopy[13].  At present
this can be applied only to small samples of tissues and
to cell free system.  Thus direct measurement of free
radicals has been possible only in vitro and in some
animal experiments[14].  Isoprostanes belong to a family
of free radical-catalyzed products of arachidonic acid.
F2-isoprostanes are formed in response to oxidative
stress, initially in situ, via the formation of peroxyl radi-
cals of arachidonic acid in the phospholipid.  These
compounds are good indicators of the extent of lipid
degradation because they are specific, chemically stable
and may have significant biological activities[15].

Our finding that the production of F2-isoprostanes
is higher in the patients of the control group than those
in the propofol group provides compelling evidence that
propofol attenuates oxidative modification of biologic
components in humans during CPB.  This conclusion is
greatly strengthened by the findings that levels of C5a
and neutrophil adhesion rate in the patients of the propofol
anesthesia group was significantly lower than those in
the control group.  These results provide a basis for
hypotheses that link the antioxidative effects of propofol
to its specific chemical structure.  Free radicals, espe-
cially the hydroxyl radical generated from H2O2, can
easily remove a hydrogen atom from a methylene car-
bon of an unsaturated fatty acid of membrane phos-
pholipids[16].  Peroxidation of lipids may inactivate mem-
brane-associated enzymatic proteins, such as Na+-K+-
adenosinetriphosphatase and Ca2+-adenosinetriphos-
phatase[17].  These alterations of the cell membrane may
be responsible for intracellular Ca2+ over-load.  Intrac-
ellular Ca2+ accumulation may cause myocardial con-
tracture[18].  Propofol inhibits the slow inward L-type
Ca2+ current across the sarcolemma[19].  Propofol con-
tains a phenol group that donates hydrogen to free
radicals, thus terminating lipid peroxidation.

However, the results of previous studies of
propofol and its antioxidative effect in humans have been
conflicting and difficult to interpret.  Whether thera-
peutic concentration of propofol ameliorates free radi-
cals or not is controversial.  Green et al[19] reported that
the concentration of propofol required to ameliorate free

radicals is approximately an order of magnitude higher
than therapeutic doses of propofol used in anesthesia
and suggests that its scavenging activity during anes-
thesia is likely very limited.  Murphy et al[20] revealed
that the free radical scavenging properties of propofol
are biologically significant at anesthetic doses.  The rea-
son for these discrepancies may be that the measure-
ment of oxidative products is not an accurate indicator
of free radicals in biologic samples.  Morrow et al[9]

have shown that circulating levels of F2-isoprostanes
appear to provide an accurate measure of lipid peroxida-
tion in vivo.  Thus, the finding in this study that plasma
F2-isoprostanes levels from patients in the propofol
group were decreased by propofol administration may
provide a clinical link between clinical concentration of
propofol and free radical scavenging.

It was surprising that blood F2-isoprostanes levels
were higher 24 h postoperatively than that before CPB
in the control group.  One would have been expected
that F2-isoprostanes would be normal 24 h postopera-
tively because of quick elimination of F2-isoprostanes
from urine.  The phenomenon is hard to explain at the
moment.  We can speculate that the release of free radi-
cals from neutrophils might be responsible for the high
F2 isoprostanes 24 h postoperatively[21].  Polymorpho-
nuclear leukocyte activation results in the formation of
a large quantities of oxygen free radicals during CPB,
the oxygen free radical-producing activity of polymor-
phonuclear leukocyte is still high 24 h postoperatively[21].

In this study, lower levels of complement C5a in
the propofol group compared with those in the control
group indicates less free radicals release from neutro-
phils in the presence of propofol.  The use of CPB is
associated with a systemic inflammatory response.
Because of the exposure to a large foreign body, sys-
temic endotoxemia occurs and is followed by a release
of inflammatory and anti-inflammatory cytokines[22].
Complement activation of the alternative pathway is
reflected by an increase of C5a, which is part of the
acute-phase immune response.  When CPB is used, this
acute-phase response is significantly augmented.
Furthermore, the early increase of C5a after the onset
of CPB demonstrates a potential triggering mechanism
through contact with the artificial surface of the oxy-
genator tubes and filters.  As pointed out by Vertrees et
al[23], activation of the complement cascade and the in-
crease of inflammatory immune regulators, such as IL-6,
IL-8, and TNF-α, cause a release of neutrophil leuko-
cytes from the bone marrow as part of the acute-phase
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reaction.  During CPB, the activated complement sys-
tem (C5a) interacts with receptors on the neutrophils
and induces leukocyte chemotaxis, autoaggregation,
increased adherence, and superoxide generation[7].
Neutrophil activation results in the formation of a large
quantities of oxygen free radicals (superoxide anion and
hydroxy radicals) and reactive oxygen species, which
can be released into the external tissue environment[7,8].
Therefore, inhibition of neutrophil activation may re-
duce the production of free radicals during CPB.
Mikawa and colleagues[24] have reported that propofol
inhibits chemotaxis, phagocytosis, and reactive oxygen
species production from neutrophils.  Suppression of
the increase in [Ca2+]i of neutrophils in response to stimu-
lus may be one mechanism responsible for the inhibi-
tion of neutrophil functions by propofol[24].  The inhibi-
tion of neutrophil function by propofol may explain, at
least in part, the reduction of free radicals production in
the presence of propofol in this study.  The mechanism
of complement activation inhibition by propofol remains
poorly unknown at the moment.

Our findings that C5a levels and neutrophil adhe-
sion rate increased markedly in the patients of the con-
trol compared with those in the propofol group indi-
cates the improved outcome of the patients by propofol
administration.  CPB treatment of surgical patients is a
model of cell-mediated oxidative stress because it leads
to the activation of platelets and neutrophils[25].  Neutro-
phil activation is primarily caused by endothelial inter-
action during ischemia.  On reperfusion, activated neu-
trophils are flushed from pulmonary and cardiac capil-
laries into the systemic circulation.  Accordingly, the
reperfusion period is shown to entail an increase in cir-
culating concentrations of free radicals[26].  These in-
vestigations have shown the peak concentration of free
radicals in the peripheral circulation system appears at
the reperfusion period.  Our findings by measurements
of plasma levels of F2 isoprostanes, C5a and neutrophil
adhesion are in agreement with their reports.  The phe-
nomenon implicates that using antioxidants before
reperfusion may be the best time.

Free radical activity may play an important role in
the pathogenesis of myocardium and lung injury.  Re-
duction of free radicals may improve outcomes of pa-
tients undergoing cardiac surgery with CPB.  Common
antioxidants such as vitamin E and butylated hydroxy-
toluene cannot be used routinely due to their serious
side effects.  During CPB, anesthesia is needed to sup-
press vicious reflexes and stress.  Propofol is the first

candidate because of its rapid acting and recovering.
Propofol has a chemical structure similar to vitamin E
and butylated hydroxytoluene.  Our findings demon-
strate that propofol can be beneficial both as an anes-
thetic and as a free radical scavenger in patients pre-
senting pathologies associated with free radical reac-
tions during CPB.
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