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Sevoflurane is an inhalation anesthetic using for genera anesthesia. Several studies have
demonstrated that reactive oxygen species (ROS) exist in cardioprotection when preconditioned
with sevoflurane. Moreover, sevoflurane can also directly trigger the formation of peroxynitrite.
Up to now, information pertinent to the effect of sevoflurane on cellular injuries in vascular
endothelium is scant. In this study, we demonstrated that sevoflurane significantly increased
intracellular H202 and/orperoxide, superoxide, and nitric oxide (NO) in various types of cells.
Intensification of intracellular glutathione(GSH) depletion was aso observed. Our current data
showed that the expression of NF-«xB, I-kB, IKKy, IRAK, and p68 was affected by sevoflurane.
Keywords: sevoflurane, HUVEC, SVEC4-10, hydrogen peroxide, superoxide, nitric oxide.
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Introduction:

Sevoflurane is an inhalation anesthetic using for general anesthesia. The advantages of
sevoflurane include a more rapid onset and recovery due to its lower solubility in blood and a
relatively less irritation to the airway thus making it well suited as an induction drug for children.
The minimum alveolar concentration (MAC) of sevoflurane is reported to be between 1.71% and
2.05%. The MAC for sevoflurane is somewhat higher in children. Typical values are 2.6% in
children and 3.3% in neonates. Previous study showed that sevoflurane inhibits
NADH/ubiguinone oxidoreductase activity, suggesting that complex | is a likely target. Other
studies demonstrated that reactive oxygen species (ROS) exist in cardioprotection when
preconditioned with sevoflurane. It also directly triggers the formation of peroxynitrite, inducing
nitrolysation of sarcolemmal proteins. In contrast to small quantities of ROS required to initiate
sevoflurane-induced preconditioning, large amounts of ROS play a maor role in the
pathophysiology of reperfusion injury. Sevoflurane also produces cardioprotection by attenuating
the adverse effects of ROS burst upon reperfusion. Because of its cardioprotective effects,
researches of sevoflurane focus mainly on heart or myocardium. Indeed, sevoflurane distributes
to circulation and affects leukocytes within. In peripheral, polymorphonuclear neutrophils (PMN)
are a magjor component of non-antigen-specific, cell-mediated immune system. They generate
extremely high amounts of ROS to defeat pathogenic microorganisms. Current studies on
neutrophils treated with sevoflurane have demonstrated that neutrophils lost their ability to cause
cardiac dysfunction and inflammation as well as reduce superoxide production and adherence to
the endothelium. Surprisingly, all these experiments carried out a neutrophil-stimulated or primed
condition by using fMLP, PAF, or PMA. Without these activations, they couldn’t observe any
benefits of sevoflurane on neutrophils or explain the virtue of anesthetic preconditioning (APC).
Some reports even used hearts, neutrophils, or endothelia from different species to execute
experiments. They couldn’t rule out interaction between species.

To clarify the exact physical properties of PMN following sevoflurane treatment, we used
whole blood from healthy volunteers to execute our experiments in our previous NSC program
(NSC 95-2320-B-040-014). The results have showed that sevoflurane significantly increased
intracellular H,O, and/or peroxide, superoxide, and nitric oxide in PMN within 1 h treatment.
Intensification of intracellular glutathione (GSH) depletion in PMN was a so demonstrated. These
results were of our expectations and interest us to evaluate the following issues. (1) Effects of
sevoflurane have been carried out in epithelium, endothelium, myocardium, platelets, and
vascular smooth muscle cells, and many pharmacological properties were recorded therein.
However, information in regard to the effects of sevoflurane on oxidative stress of these cells is
scant. Thus, we would like to evaluate the oxidative status of other cells, especially those contact
sevoflurane directly such as bronchial epithelial and endothelial cells, to clarify the ROS-
promoting properties are genera or cell-type specific. Here, we design to investigate those factors
of oxidative stress including intracellular hydrogen peroxide, superoxide and nitric oxide (NO)
production, intracellular glutathione (GSH) content, lowering of the mitochondria
transmembrane potential, and oxidative related apoptosis and necrosis.



Materials and Methods:
1.1 Cdll line and reagents

Mouse lymph node endothelia cell (SVEC4-10) was purchased from The Food Industry
Research and Development Ingtitute (FIRDI) (Hsinchu, Taiwan). The hydroethidine (HE),
chloromethylflourescein diacetate (CMF-DA) utilized herein were acquired from Molecular
Probes, Inc. (Eugene, OR, USA). Dulbecco’s modified Eagle’s medium (DMEM), Propidium
iodide (Pl1), 4,5-diaminofluorescein (DAF-2), 2’,7’-dichlorodihydrofluorescein-diacetate
(DCFH-DA), and other chemicals were bought from Sigma Chemical Co. (St. Louis, MO, USA).
1.2 Culture of SYEC4-10

The basal medium for SVEC4-10 is 90% Dulbecco's modified Eagle's medium with 4 mM
L-glutamine adjusted to contain 1.5 g/L sodium bicarbonate and 4.5 g/L glucose + 10%
heat-inactivated fetal bovine serum. The cell cultures were incubated at 37°C and 95% humidity
in room air with added 5% carbon dioxide. The culture of BEAS-2B was not carried out due to
the limitation of legal rules. The import of bovine pituitary extract was not available right now.
Thus, we will seek another cell linesto perform the experiment in the future.
1.3 Flow cytometry analysis of superoxide content in SYEC4-10

SVEC4-10 cells (10° cells/ml) were preincubated with 10 uM of HE in the 5% COz2
incubator for 15 minutes. HE is freely permeable to cellular membrane, and after being oxidized
by superoxide, it turns into ethidium and emits a bright red fluorescence. SVEC4-10 cells were
then be stimulated with 1% and 3% of sevoflurane for 1 h a 370C in the CO2zincubator. The
intracellular NAD(P)H oxidase can react with menadione to generate superoxide. After drugs
treatment, SVEC4-10 cells were washed with incubation buffer, collected by centrifugation,
suspended in the same buffer and analyzed by flow cytometry.
1.4 Flow cytometry analysis of H2Oz and/or peroxide content in SYEC4-10

SVEC4-10 cells (10° cells/ml) were preincubated with 20 uM of DCFH-DA in the 5% COz2
incubator for 15 minutes. DCFH-DA is freely permeable to cellular membrane. In cytoplasm,
esterases catalyze DCFH-DA to DCFH, which is then oxidized by H202 and/or peroxide into
dichlorofluorescein (DCF) and emits a bright green fluorescence. SVEC4-10 cells were
stimulated with 1% and 3% of sevoflurane for 1 h at 37°C in COzincubator. H,O, is fregly
permeable to the cellular membrane and into cytoplasm. In cytoplasm, H,O, directly converts
DCFH-DA to DCF. After drugs treatment, SVEC4-10cells were washed with incubation buffer,
collected by centrifugation, suspended in the same buffer and analyzed by flow cytometry.
1.5 Flow cytometry analysis of NO content in SVEC4-10 and HUVECs

SVEC4-10 cells (10° cellsml) were preincubated with 1 uM of DAF-2 in the 5% COz2
incubator for 15 minutes. SVEC4-10 and HUVECs will then be stimulated with 1% and 3% of
sevoflurane for 1 h at 37°C in the COzincubator. After drugs treatment, SVEC4-10 cells were
washed with incubation buffer, collected by centrifugation, suspended in the same buffer and
analyzed by flow cytometry.
1.6 Western blot analysis

Western blotting was performed as previously described (Melchjorsen et. al., 2002). Cell
lysates were fractionated by SDS-PAGE and transferred to polyvinylidene difluoride membranes.
Blocked membranes were then incubated with the indicated Abs, and the immunoreactive bands
were visualized using a chemiluminescent substrate. Briefly, cells were cultured in 60-mm
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tissue-culture dishes. The culture medium was replaced with new medium when the cells were
60% confluent and then exposed to various concentrations of sevoflurane for indicating times.
After drug treatment, cells were washed twice with PBS, scraped with a rubber policeman, and
extracted using CelLytic™-M lysis reagent. The quantity of total protein present was assessed by
Bio-Rad protein assay reagent, with 50 pg of protein being loaded onto each lane of a 12%
SDS-polyacrylamide gel. The separated proteins were blotted onto a hybond-polyvinylidene
difluoride (PVDF) membrane. Non-specific binding was blocked by overnight incubation in 1%
BSA, 0.1% Tween 20, in PBS at 4°C. The membranes were then stained with mouse anti-iNOS
antibody (diluted 1: 500 in PBS containing 1% BSA and 0.1% Tween 20) for 1 h at room
temperature using gentle agitation. After being washed three times with PBS containing 0.1%
Tween 20, the membrane was incubated with 1:5,000 diluted horseradish peroxidase-coupled
anti-mouse 1gG for 1 h at room temperature. After having been washed three times with PBS
containing 0.1% Tween 20, the specific proteins were then identified using an enhanced
chemiluminescent-based detection system. Membranes were subsequently exposed to X-ray films.
1.7 Antibodies and concentrations used in Western blot analysis

The following Abs and concentrations were used: mouse monoclonal anti-I1xB (H-4), 1/200;
mouse monoclona anti-p-1kB (B-9) 1/100; rabbit polyclona anti-IKK (H470), 1/200 (all Santa
Cruz Biotechnology); mouse monoclonal anti-B-actin  (AC-15), 1/5000 (Sigma-Aldrich);
HRP-conjugated goat polyclonal anti-mouse 1gG, 1/2000; HRP-conjugated goat polyclonal
anti-rabbit 1gG, /2000 (both BD Transduction Laboratories, Lexington, KY).

Results

First, the effect of sevoflurane on the SVEC4-10 cells was examined by MTT assay. As
shown in Figure 1, cell viability for SYEC4-10 cells treated with sevoflurane at doses of 0.125,
0.25, 0.5, and 1% was 91.10, 80.52, 63.84, and 52.27%, respectively, indicating that sevoflurane
significantly reduction of cell viability through a dose-dependant manner in SVEC4-10 cells.

To evaluate the oxidative stress of sevoflurane in SVEC4-10 cells, we first tested the
production of intracellular H,O, and/or peroxide at the concentration of 0.125, 0.25, 0.5, and 1%
of sevoflurane for 30 min by flow cytometry and DCFH-DA staining. The DCF fluorescence
intensity expresses the related intracellular H,O, and/or peroxide level. As shown in Figure 2, the
DCF fluorescence increased significantly in SVEC4-10 cells after 0.125% of sevoflurane
treatment as compared with untreated control cells. By contrast, the DCF fluorescence decreased
significantly in SVEC4-10 cells after 0.25, 0.5, and 1% of sevoflurane treatment.

Nitric oxide (NO) has many important biologic functions, but it produces many damaging
effects on severa biological molecular, such as lipids, proteins and DNA through switch into
reactive nitrogen oxide species including nitrogen dioxide, dinitrogen trioxide, and peroxynitrite.
To investigate whether NO appears during sevoflurane treatment, we examined the production of
NO by DAF-2 staining, a NO specific probe and flow cytometry. As shown in Figure 3, the DAF
fluorescence dlightly decreased in SVEC4-10 cells after 0.125% of sevoflurane treatment as
compared with untreated control cells. By contrast, the DAF fluorescence increased significantly
after 0.25, 0.5, and 1% of sevoflurane treatment.

Many studies have reported that GSH depletion is a key factor on chromosoma DNA
fragmentation and apoptosis or necrosis in oxidative stress-induced cell death. The effect of
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sevoflurane on intracellular GSH depletion is thus worth investigating. The intracellular GSH
level was analyzed by CMF-DA staining, a GSH specific probe and flow cytometry. The CMF
fluorescence is directly related to intracellular GSH level. As shown in Figure 4, the CMF
fluorescence decreased in SVECA4-10 cells after 0.125, 0.25, 0.5, and 1% of sevoflurane treatment
as compared with untreated control cells.

Experimental data from other studies have demonstrated that ROS can disrupt A¥Ym.
Because sevoflurane changed ROS levels in SVEC4-10 cells, we further studied the AYm by
using rhodamine 123 staining. It is interesting to note that 0.25 to 1% of sevoflurane resulted
significantly increasing of AYm after 30 min treatment as compared with their untreated cells.
Thisisanovel phenomenon and thefirst discovery in the field of anesthetic practice Figure 5.

To evaluate the molecular mechanism and signal transduction pathway corresponding to the
generation of ROS, immunoblotting analysis was performed and the results were shown in Figure
6. Nuclear factor-kB (NF-«xB) pathway, one of the key regulatory molecules in oxidative
stress-induced cell activation, is of our interest in this study. Our data shows that the expression
of NF-xB, I-xB, IKKy were regulated after sevoflurane treatment in SVEC4-10.

In conclusion, we demonstrated that sevoflurane significantly caused cell death in mouse
lymph node endothelial cell (SVEC4-10) within 30 minutes treatment. The process was
accompanied with an increase of intracellular superoxide (data not shown), nitric oxide (NO) and
mitochondrial membrane potentia (AYm) and a decrease of H,O, and/or peroxide and
intracellular glutathione (GSH) levels. These results were consistent with our findings in
polymorphonuclear neutrophils (PMN), suggesting that the ROS-promoting properties of
sevoflurane are general phenomena in many kinds of cells. In addition, activation of NF-kB
signaling pathway may be responsible for the generation of ROS.

Discussion

In this study we have demonstrated that sevoflurane, at a clinically attainable concentration,
induces cellular damage in SVEC4-10 within 15 and 30 minutes treatment by disturbing the
generation of superoxide, ROS and NO. ROS have become known as major signaling molecules
in the modulation of various cellular processes. Immoderate generation of ROS may result in
attack of many diseases and harm to most intracellular and extracellular biomoleculesin aliving
organism. Moreover, ROS can directly prompt and/or adjust apoptosis and necrosis (Canakci et
al., 2005). Mitochondria are magjor producers of ROS, which mainly consist of superoxide anion,
hydrogen peroxide, and hydroxyl radical (Larochette et a., 1999; Brand and Murphy, 1987). The
main source of ROS in most cell types is possibly the electron leakage from mitochondrial
electron transport chain that diminishes molecular oxygen to superoxide anion. Superoxide
dismutase (SOD) will convert superoxide anion to hydrogen peroxide and then produce hydroxyl
radical rapidly via either Fenton reaction (Hsieh et al., 2004) or Harber-Weiss reaction (Hsieh et
al., 2004). Our results found that intracellular superoxide level was increased at 15 minutes (Fig.
3) in sevoflurane-treated SVEC4-10. In the future, we will demonstrate that whether pretreatment
with SOD affects sevoflurane-treated HUVEC and SVEC4-10. These results will help to explain
that the superoxide induced by sevofluane may be rapidly converted by intracellular SOD to
hydrogen peroxide, and then reacted with non-fluorescence of DCFH to a fluorescence substance,
DCF. NO is known to modulate various function of HUVEC and SVEC4-10 such as chemotaxis,
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adherence, aggregation, and generation of ROS. We will next examine that the effect of
dexamethasone, a NO inhibitor, in sevoflurane-induced intracellular DCF fluorescence. We
propose that part of intracellular ROS induced by sevoflurane is coming from NO generation.

The AY\, reflects the energy accumulated in the electrochemical gradient across the inner
mitochondrial membrane, which in turn is used by FOF1-ATPase to change adenosine
5-diphosphate to ATP throughout oxidative phosphorylation. Mitochondrial hyperpolarization
and transient ATP depletion represent early and reversible steps in T-cell activation and apoptosis
(Perl et al., 2004). The AY¥, increase often implies mitochondrial hyperpolarization. Severa
studies demonstrated that mitochondrial hyperpolarization induced by some substances, such as
lysophophatidylcholine, linoleic acid or farnesol usually accompanies with ROS overproduction
(Machida and Tanaka, 1999; Lee et a., 2005). These phenomena excited us to discover the
relationship between ROS production and transient mitochondrial hyperpolarization in
sevoflurane-treated SVEC4-10. Using CCCP pretreatment to inhibit the mitochondrial
hyperpolarization, we will evaluate the intracellular DCF fluorescence by flow cytometry in
sevoflurane-treated SVEC4-10.

Cells contain severa antioxidant systems to protect the injury induced by increased
intracellular ROS. Among them, GSH is an antioxidant that it defends cells from ROS-induced
apoptosis (Yu, 1994). Many studies point out the GSH depletion is an importance factor that
increases percentage of cells undergoing apoptosis; on other contrary, NAC, a GSH precursor,
decreases apoptosis induced by GSH depletion (Beaver and Waring, 1995; Kito et al., 2002).
Other reports demonstrated that caspase 3/7 activation is an important step in glutathione
depletion-induced apoptosis in resting and inflammatory neutrophils (O’Neill et al., 2000). In the
future, we will observe that the effect of sevoflurane on intracellular GSH content in SVEC4-10.

NF-xB comprises a family of inducible transcription factors that serve as important
regulators of the host immune and inflammatory response (Baldwin, 1996; Pahl, 1999;
Gerondakis et. a., 1998; Ghosh et. al., 1998). It also involves in protecting cells from undergoing
apoptosis in response to DNA damage or cytokine treatment. Stimulation of the NF-xB pathway
is mediated by diverse signal transduction cascades. These signals activate the IkB kinases, IKKa
and IKKf, which phosphorylate inhibitory proteins known as IkB to result in their ubiquitination
and degradation by the proteasome. The degradation of IxB results in the translocation of NF-xB
from the cytoplasm to the nucleus where it activates the expression of specific cellular genes.
Cytokines and chemokines, receptors involved in immune recognition such as members of the
MHC, proteins involved in antigen presentation, and receptors required for neutrophil adhesion
and migration are of NF-xB regulation (Pahl, 1999). NF-xB also stimulates the expression of
enzymes whose products contribute to the pathogenesis of the inflammatory process, including
the inducible form of nitric oxide synthase (iNOS), which generates nitric oxide (NO), and the
inducible cyclooxygenase (COX-2), which generates prostanoids. “Does ROS generation and
downstream signal transduction pathway result in the formation of proinflammatory mediators or
expression of adhesion molecules?” are of our interests to investigate in the future.
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Fig 1. Effects of sevoflurane on SVEC4-10 cells. SVEC4-10 cells were treated with varying
levels of sevoflurane (0, 0.125, 0.25, 0.5, and 1%). After treatment for 30 min, the cell viability
was determined by MTT assay. The control condition was defined as media alone. Each
experiment was done in triplicate. Bars indicate mean + standard errors. All comparisons were
made relative to controls and significant difference was indicated as * p < 0.05 using Student’s
t test
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Fig 2. Effects of sevoflurane on intracellular H,O, and/or peroxide level in SVEC4-10.
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Fig 3. Effects of sevoflurane on NO level in SVEC4-10 cells.

100 — SVEC 4-10
. sevoflurane 30min

80
? j
c Control 60 7
S L _
S Sevoflurane 0.125% & 4
D Sevoflurane 0.25% 1
O 20
Sevoflurane 0.5% l
Sevoflurane 1% 0 -

- > g (\,{\o\ qﬁ’?\e {ﬁg\° Q<‘,§\° o

CMF S

Fig 4. Effects of sevoflurane on GSH level in SVEC4-10 cells.
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Fig 5. Effects of sevoflurane on A¥Ym in SVEC4-10 cells.
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