Pozaanestetyczne dziatanie
anestetykow wziewnych

Wojciech Dgbrowski

Katedra i I Klinika Anestezjologii i Intensywnej Terapii
Uniwersytetu Medycznego w Lublinie

e-mail: w.dabrowski5@gmail.com









Kardiologia Polska
2012; 70, supl. I: S 1-5 100
ISSN 0022-9032

D . Europejskie wytyczne dotyczace zapobiegania
ZIC chorobom serca i naczyn w praktyce klinicznej
v dzic ha 2012 rok

Pigta Wspdlna Grupa Robocza Europejskiego Towarzystwa Kardiologicznego
_ iInnych Towarzystw Naukowych ds. Zapobiegania Chorobom Serca i Naczyn
v’ dzic w Praktyce Klinicznej (Fifth Joint Task Force of the European Society of Car-
diology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice) utworzona przez przedstawicieli dziewieciu towarzystw oraz zapro-
v" dzic¢ szonych ekspertow
hartowanie miesnia sercowego przez niedokrwienie
(ischaemic pre-conditioning). Jest to proces, dzieki ktoremu
. i przemijajace niedokrwienie migsnia sercowego podczas
v leG‘*Clnle CYTOTC wysitku zwieksza tolerancje miesnia na péinié]szy dtuzej
trwajacy stres niedokrwienny, zmniejszajac w ten sposob
uszkodzenie migsnia sercowego i ryzyko potencjalnie Smier-
v dzi(ﬂanie na oér‘ telnych tachyarytmii komorowych. Do tych kardioprotekcyj-
nych mechanizmow naleza zmiany anatomiczne w tetnicach
wiencowych, indukcja ekspresji biatek szoku cieplnego
w miesniu sercowym, wzrost aktywnosci cyklooksygenazy
typu 2 w miokardium, indukcja biatek stresowych w retiku-
lum endoplazmatycznym, zwiekszenie wytwarzania tlenu
azotu, poprawa czynnosci kanatow potasowych zaleznych
od trifosforanu adenozyny (ATP) w sarkolemie i/lub bfonach
mitochondrialnych, wzrost aktywnosci antyoksydacyjnej
miesnia sercowego, zwiekszenie ekspresji glfownych enzymow
o dziafaniu przeciwutleniajacym, a takze wywotywanie takich
° zmian fenotypu mitochondriow, ktére chronia przed dziafa-
niem bodzcow stymulujacych apoptoze [327].



Isoflurane but Not Sevoflurane or Desflurane
Aggravates Injury to Neurons In Vitro and In Vivo
via p75""R-NF-kB Activation

Nils Schallner, MD,* Felix Ulbrich, MD,* Helen Engelstaedter, MD,* Julia Biermann, MD,t
» Volker Auwaerter, PhD,t Torsten Loop, MD,* and Ulrich Goebel, MD*

BACKGROUND: General anesthesia in patients with or at risk for neuronal injury remains chal-
lenging due to the controversial influence of volatile anesthetics on neuronal damage. We
hypothesized that isoflurane, sevoflurane, and desflurane would exert variable degrees of neu-
A rotoxicity in vitro and in vivo via activation of the p75 neurotrophin receptor (p75NTR),

.',’,“» | METHODS: SH-SY5Y cells were exposed to oxygen—glucose deprivation (OGD, 16 hours), pre-
ceded or followed by incubation with isoflurane, sevoflurane, or desflurane (1.2 minimal alveolar
concentration, 2 hours). Neuronal cell death was analyzed by flow cytometry (mitochondrial

Purdon et al.

U membrane potential, Annexin V/propidium iodide [AV/Pi]) and quantification of lactate dehy-
drogenase release. We analyzed NF-xB activity by DNA-binding ELISA and luciferase assay. The
?,U’.;..w role of p75NR was studied using the p75NR-blocking peptide TAT-pep5 and siRNA knockdown.
o i The effect of isoflurane £p75N™® inhibition on retinal ischemia-reperfusion injury (IRI) in adult

Sprague-Dawley rats was assessed by analyzing retinal ganglion cell (RGC) density.
RESULTS: Isoflurane but not sevoflurane or desflurane postexposure aggravated OGD-induced
8 neuronal cell death (AV/Pi positive cells: OGD 41.1% [39.0/43.3] versus OGD + isoflurane
48.5% [46.4/63.4], P = 0.001). Isoflurane significantly increased NF-xB DNA-binding and tran-
scriptional activity of NF-xB (relative Luminescence Units: OGD 500 [499/637] versus OGD +
isoflurane 1478 [1363/1643], P = 0.001). Pharmacological inhibition or siRNA knockdown of
p75NR counteracted the aggravating effects of isoflurane. Isoflurane increased RGC damage in
vivo (IRl 1479 RGC/mm? [1311/1697] versus IRl + isoflurane 1170 [1093/1211], P = 0.03),
which was counteracted by p75"™-inhibition via TAT-pep5 (P = 0.02).

CONCLUSIONS: [soflurane but not sevoflurane or desflurane postexposure aggravates neuro-
o - ; o e . R

cations for the choice of volatile anesthetic being used in patients with or at risk for neuronal
injury, specifically in patients with a stroke or history of stroke and in surgical procedures in
which neuronal injury is likely to occur, such as cardiac surgery and neurovascular interventions.
(Anesth Analg 2014;119:1429-41)
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A Novel Mechanism for Sevoflurane Preconditioning-

induced Neuroprotection
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Sevoflurane improvcs the neuroendocrine stress
response during laparoscopic pelvic surgery
[Le sévoflurane améliore la réaction newro-endocrinienne wu stress pendant une

intervention chivurgicale lnpavoscopigue pelvienne]

Elisabetta Marana Mn,* Maria Giuseppina Annetta MD,* Francesco Meo Mn,* Raffaclla Parpaglioni mp,*
Marina Galeone Mp,* Maria Luisa Maussier Mp,T Riccardo Marana Mpi
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Anesthetics and Cerebral Protection in Patients Undergoing

Carotid Endarterectomy
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europrotekcja - mechanizmy

modulacja perfuzji mézgowe;

stabilizacja autoregulacji naczyh mézgowych i odpowiedzi na zmiany CO,
stabilizacja i redukcja metabolizmy osrodkowego uktadu nerwowego
stabilizuje bariere krew-mozg i komdrki nerwowe

dziatanie przeciwzapalne

hamuje aktywnosé¢ enzymdéw

hamuje apoptoze

cykl kynureninowy

mitochondrialne kanaty potasowe K, 1p
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Direct Cerebral Vasodilatory Effects of Sevoflurane

and Isoflurane

Basil F. Matta, M.B.B.Ch., B.A., FR.C.A.," Karen J. Heath, M.B.B.S., F.R.C.A.,1 Kate Tipping, M.B.B.S.,

Andrew C. Summors, B.Sc., M.B.B.S., FR.C.A.t

Background: The effect of volatile anesthetics on cerebral
blood flow depends on the balance between the indirect vaso-
constrictive action secondary to flow—-metabolism coupling and

the agent’s intrinsic vasodilatory action. This study compared
the direct cerebral vasodilator ions of 0.5 and 1.5 minimum
alveolar concentration (MAC nd isofl ne dur-

ncephalogram.
th American So-
ng gen-

ing an propofol-induced isoelec

Metbods: Twenty patients aged 20-62 yr
 of Anesthesiologists
eral anesthesia for routine spina
addition to routine monitoring, a transcranial Doppler ultra-
sound was used to measure blood flow velocity in the middle
cerebral arte
brain electrical acti Ane: nduced with propofol
2.5 mg/kg. fentanyl 2 pg/kg. and atracurium 0.5 mg/kg, and a
used to achieve electroencephalographic
I carhan dinvide

cie

hland nrecenes  and

and all measurements were repeated again. All measurements
were performed before the start of surgery. An infusion of
0.01% phenylephrine was used as necessary to maintain mean
arte
Resuiis: Although both agent:
in the middle cerebral artery at 0.5 and 1.5 MAC, this increase
was significantly less during sevoflurane anesthesia (4 = 3 and
17 £ 3% at 0.5 and 1.5 MAC sevoflurane; 19 = 3 and 72 = 9% at
0.5 and 1.5 MAC isoflurane [mean = SD]; P < 0.05). All patien
required phenylephrine (100-300 pg) to maintain mean art
rial pressure within 20% of ba ne during 1.5 MAC anesthe
Conciusions: In common with other volatile anesthetic

ased blood flow velocity

agents, sevoflurane has an intrinsic dose-dependent cere-
bral vasodilatory effect. However, t effect is less than
that of isoflu (Key words: Anesthe erebral blood flow;

inhalatio

nography.)
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Effects of subanaesthetic and anaesthetic doses of

sevoflurane on regional cerebral blood flow in healthy

volunteers. A positron emission tomographic study

LSCHLT.EINM MSVAPAEEZEEECDLD MRAME;EN J. E Nmsen® and A. GEDDE

o
Dep v, *Neu

iy ard PETCmm Aarhus University Hospital, Aarhus, Denmark

Background: We tested the hypothesis that escalating drug
cong ions of fl are associated with a significant
decline of cerebral blood flow in regions subserving conscious
brain activity, including specifically the thalamus.

Methods: Nine healthy human volunteers received three escal-

the next level (0.2 MAC vs. 0.4 MAC) rCBF was increased in the
middle ral cortex and in the lingual gyrus, and decreased
in the thalamus. At the last level (0.4 MAC vs. 1 MAC) the rCBF
was increased in the insula and decreased in the posterior cin-
gu]atq,lhelmgna]gyms,pﬂeﬁmmmdmlhefmma]m

ating doses using 0.4%, 0.7% and 2.0% end-tidal fl
inhalation. During baseline and each of the three levels of
anaesthesia one PET scan was performed after injection of

HFO. Cardi ular and were moni-
tored and eledroencepha]ography and bispectral index (BIS)
were registered.

Results: Sevoflurane  decreased  the BIS values dose-
dependently. No significant change in global cerebral blood
flow (CBF) was observed. Increased regional CBF (rCBF) in
the anterior cingulate (17-21%) and decreased rCBF in the
cerebellum (18-35% ) were identified at all three levels of sedation
compared to baseline. Comparison between adjacent levels
sevoflurane initially (0 vs. 0.2 MAC) decreased rCBF signifi-
cantly in the inferior temporal cortex and the lingual gyrus. At

at0.7% and 2.0% a
mgmﬂcant decrease in relative rCBF was detected in the thala-
mus, Interestingly, some of the most und changes in rCBF
were observed in structures related to pain processing (anterior
cingulate and insula).

Accepted for publication 17 fune 2004
Key words: Anaesthesia; cerebral blood flow; PET; sevoflurane.

0 Acta Anaesthesiologica Scandinavion 45 (2004)

Fig aphic (EEG) recordings
fmm parmm!s in drfemm conditions a_r'szdamn levels.

Absolute cerebral blood flow

The mean absolute whole-brain CBF at each level of
anaesthesia is summarized in Table3. No significant
changes were observed in global CBF during the three
anaesthetic regimens compared to baseline.

Regional cerebral blood flow
Stereotactic coordinates of the areas of significant
chanee of relative rCBF between the waking state and

orbital gyrus (22%), right inferior frontal gyrus
(22%) and right precuneus 24%) (Table4 and
Figs2 and 3).

Discussion

is study revealed that sevoflurane at ET concentra-
tions of 04% to 20% caused no changes of global
CBE but produced significant regional changes that
muost likely represent the brain structures affected by
sevoflurane in subanaesthetic and anaesthetic doses.
Some of the most profound changes were observed in
brain structures (anterior cingulate and insula) related
to pain processing (23-25). When the volunteer's
consciousness was slowly compromised a significant
decrease in relative rCBF was observed in the
thalamus.

Relative effects of sevoflurane on rCBF and gCBF
During all three anaesthetic regimens, a marked
increase of relative rCBF occurred in the anterior
cingulate, which is a critical location for maintenance
of attention and which is activated during learning
and selection of responses (26, 27). The anterior cingul-
ate is also a main target of opioid receptor-binding
ligands and the region most frequently reported
active in pain studies (28). It has extensive connections
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Effects of dose-dependent levels of isoflurane on cerebral
blood flow in healthy subjects studied using positron
emission tomography

L. ScHuinzen?, G. E. Cowp®, M. Rasmussen® and M. S, VARAEE
Department of Newroanaesthesiology and *PET Centre, Aarhus University Hospital, Aarhus, Denmark

hyperventilation during sevoflurane anaesthesia
studied with PET

L. ScHLinNzEN', M. 8. Varage?, N. Juur' and G. E. Cowp!
" Department of Neuroanaesthesiology and *PET Centre, Aarhus University Hospital, Aarhus, Denmark

Background: In this study, we tested the hypothesis that
escalating drug concentrations of isoflurane are associated with a
significant decline in cerebral blood flow (CBF) in regions sub-ger-
ving brain activity, including specifically the thal
Methods: Nine human volurteers received three escalating
drug concentrations: 0.2, 04 and 1.0 MAC end-idal inhalation.
During waking, baseline and the three levels of sedation, a HFOQ
PET scan was performed

Results: Isoflurane decreased the bispectral index (BIS) values
dose-dependently. Cardiovascular and respiratory parameters

the insula and decreased in the thalamus, the cuneus and lingual
gyrus. Compared with flow distribution in awake volunteers, 1
MAC of isoflurane significantly raised relative activity in the
anterior cingulate and insula regions. In contrast, a significant
relative flow reduction was identified in the thal the cere-

TITS:
Conclusions: koflurane, like sevoflurane, induced character-
istic flow redistribution at doses of 0.2-1.0 MAC. At1 MAC of
isoflurane, rCBF decreased in the thalamus. Specific areas
affected by both isoflurane and sevoflurane included the ante-

Background: Arterial carbon dioxide tension (PaCO;) isan
important factor controlling cerebral blood flow (CBF) in
neurosurgical patients. It is still unclear whether the
hypocapnia-induced decrease in CBF is a general effect
on the brain or rather linked to specific brain regions. We
evaluated the effects of hyperventilation on regional cere-
bral blood flow (rCBF) in healthy volunteers during sevo-
flurane anaesthesia measured with positron emission
tomography (PET).

Methods: Eight human volunteers were anaesthetized with
sevoflurane 1 MAC, while exposed to hyperventilation. During
1MAC sevoflurane at normocapnia and 1MAC sevoflurane at
hypocapnia, one HYO scan was performed. Statistical parametric
maps and conventional regions of interest analysis were used for
estimating .ICBF differences.

vealed wide variations in CBF between regions. The great-
est values of vascular responses during hypocapnia were
observed in the thalamus, medial occipitotemporal gyrus,
cerebellum, precuneus, putamen and insula regions. The
lowest values were observed in the superior parietal lobe,
middle and inferior frontal gyrus, middle and inferior
temporal gyrus and precentral gyrus. No increases in
rCBF were observed.

Conclusions: This study reports highly localized and specific
changes in rCBF during hyperventilation in sevoflurane anaes-
thesia, with the most pronounced decreases in the sub cortical
grey matter. Such regional heterogeneity of the cerebral vascular
response should be considered in the assessment of cerebral
perfusion reserve during hypocapnia.

were maintained constant over time. No significant change in
global CBF was observed. Throughout all three MAC levels of

rior cingulate, insula regions, cerebellum, lingual gyrus and
thalamus.
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Table 2

Coordinates of the pixels in which significant relative CBF changes were identified.

Region hypocapnia minus rest Coordinate (x, y, 2) -value % change Vascular response
rCBF (%e/mmHg)

Thalamus -3, —14,5 —9.1 —-57 45
Cerebellum 20, —62, —17 —8.5 —-53 4.1

Medial occipitotemporal gyrus —24, —50, —15 —8.4 —53 4.1
Precuneus 4, —60, 21 —8.2 —52 4.1
Putamen —-17,9, — 11 —8.1 —51 4.0

Insula — 28,13, —14 —841 -5 4.0

Brain stem 7, — 23, -3 —8.0 —50 3.9
Lingual gyrus 0, —78, —2 —7.8 —49 3.8
Cingulate 3, —33, 47 —7.7 —48 3.8
Precentral gyrus 49 12, 29 —-7.0 — 44 3.4

Middle temporal gyrus 49, — 52,15 —-6.5 — 41 3.2
Inferior temporal gyrus —55, —50 -17 —6.4 —40 3.1

Inferior frontal gyrus 43, 46, 8 —-6.3 -39 3.0

Middle frontal gyrus 44, 40, 23 —-B6.2 -39 3.0
Superior parietal lobe 13, — 65, 50 —5.1 —-32

Acta Anaesthesiol Scand 2010; 54: 610-615
Printed in Singapore. ANl rights reserved
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Volatile Anesthetics Reduce Biochemical Markers of Brain Injury and Brain
Magnesium Disorders in Patients Undergoing Coronary Artery Bypass Graft
Surgery

Wojciech Dabrowski, MD, PhD,* Ziemowit Rzecki, MD, PhD,* Marek Czajkowski, MD, PhD, 1

Jacek Pilat, MD, PhD,# Piotr Wacinski, MD, PhD,§ Edyta Kotlinska, MD, PhD,* Malgorzata Sztanke, MD, PhD,

Krzysztof Sztanke, PhD,| Krzysztof Stazka, MD,| and Kazimierz Pasternak, MD, PhD]|

Objectives: Neuropsy logical disorders are some of the
most common complications of coronary artery bypass graft
(CABG) surgery. The early diagnosis of postoperative brain
damage is difficult and mainly based on the observation of
specific brain injury markers. The aim of this study was to
analyze the effects of volatile anesthesia (VA) on plasma
total and ionized arteriovenous magnesium concentrations
in the brain circulation {a-vtMg and a-viMg). plasma matrix
metalloproteinase-9 (MMP-9), and glial fibrillary acidic pro-
tein [{GFAP) in adult patients undergoing CABG surgery.

Deasign: An observational study.

Setting: The Department of Cardiac Surgery in a Medical
University Hospital.

Datinnte and Mathade: Studind noramatare wmnes s

Wilatile anagsthatics reduce serum S100f concentrations in patients

Applied Cardiopulmenary Pathophysiology 14: 139.148, 2010

Volatile anaesthetics reduce serum S100p8

rane; and group SEV, patients who received sevoflurane.

Results: Ninety-two patients were examined. CABG sur-
‘gery increased MMP-9 and GFAP. The highast MMP-9, GFAP,
.and the most dramatic disorders in a-vtMg and a-viMg were
noted in group O.

Conclusions: Cardiac surgery increased plasma MMP-9
and GFAP concentrations. Changes in MMP-9, GFAP, and
arteriovenous tMg and iMg were significantly higher in
group O. Volatile anesthetics, such as IS0 or SEV, reduced
plasma MMP-2, GFAP concentrations, and disturbances in
a-vtMg and a-viMg.

Crown Copyright © 2012 Published by Elsevier Inc. All rights
resarved.
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concentrations in patients undergoing elective cardiac

surgery

Waojciech Dabrowski®, Ziemowit Rzecki’, Jaroslaw Wosko',

ladwiga Biernacka', Edyta Kotlinska', Marek Czajkowski

'Department of Anaesthesiology, Intensive Therapy, Medical University of Lublin, Poland;
‘Department of Cardiac Surgery, Medical University of Lublin, Poland

Abstract

Background: The effect of volatile anaesthetics on plasma S100f protein has not been well-
documented in cardiac surgery patients. The aim of the study was 0 analyse the effect of
sevoflurane or isoflurane anaesthesia on plasma $100f concentration in patients undergoing
elective, uncomplicated coronary artery bypass graft surgery,

Methods: One hundred thirty seven patients were prospectively randomized and allocated in-
to three groups: A - patients, who didn’t receive volatile anaesthetics, B - who received
sevoflurane and C - who received isoflurane. 51000 was measured during anaesthesia and
postoperative days 1 and 2.

Results: In all patients, S1000 increased during anaesthesia and at the postoperative day 1 and
2. In group A, 51000 increased during anaesthesia and postoperative days 1 and 2 but in
groups B and C only during anaesthesia. Plasma S1000 concentrations were significantly high.
er in group A than in group B and C,

Conclusions: 1) cardiac surgery resulted in $100f elevation, 2) isoflurane and sevoflurane sig-
nificantly reduced plasma S100§ concentrations.

Li et al. Molecular Brain 2014, 769
http:/fAwww.molecularbrain com/content/7/1/69

-
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Sevoflurane preconditioning ameliorates neuronal
deficits by inhibiting microglial MMP-9 expression
after spinal cord ischemia/reperfusion in rats

Xiao-Qian Li, Xue-Zhao Cao, Jun Wang, Bo Fang, Wen-Fei Tan and Hong Ma”

Molecular Brain

Abstract

Background: Microglia are the primary immune cells of the spinal cord that are activated in response to ischemia/
reperfusion (IR) injury and release various neurctrophic and/or neurotoxic factors to determine neuronal survival. Among
them, matrix metalloproteinase-9 (MMP-9), which cleaves various components of the extracellular matrix in the basal
lamina and functions as part of the blood spinal cord barrier (BSCB), is considered important for requlating inflammatory
responses and microervironmental homeostasis of the BSCB in the pathology of ischemia. Sevoflurane has been
reported to protect against neuronal apoptosis during cerebral IR However, the effects of sevoflurane preconditioning
on spinal cord IR injury remain unclear. In this study, we investigated the role of sevoflurane on potential genetic roles of
microglial MMP-9 in tight junction protein breakdown, opening of the BSCB, and subsequent recruitment of microglia to
apoptotic spinal cord neurons,

Results: The results showed significant upregulation of MMP-9 in rats with IR-induced inflammation of the BSCB
compared to that of the sham group, manifested as dysfunctional BSCB with increased Evans blue extravasation
and reduced expression of occludin protein. Increased MMP-9 expression was also observed to facilitate invasion
and migration of activated microglia, imaging as high Iba-1 expression, clustered to neurons in the injured spinal
cord, as shown by double immunofluorescence, and increased proinflammatory chemokine production (CXCL10,
CCL2). Further, sevoflurane preconditioning markedly improved motor function by ameliorating neuronal
apoptosis, as shown by reduced TUNEL-positive cell counts and expression of cleaved caspase-3. These protective
effects were probably responsible for downregulation of MMP-9 and maintenance of normal expression of
occludin protein indicating BSCB integrity from inflammatory damage, which was confirmed by decreased protein
levels of Iba-1 and MMP-9, as well as reduced production of proinflammatory chemokines (CXCL10, CCLZ) and
proinflammatory cytokines (IL-1(). Intrathecal injection of specific siRMAs targeting MMP-9 had similar protective
effects to those of sevoflurane preconditioning.

Conclusions: Preconditioning with 2.4% sevoflurane attenuated spinal cord IR injury by inhibiting recruitment of
micreglia and secretion of MMP-S; thus inhibiting downstream effects on inflammatory damage to BSCB integrity
\and neuronal apoptosis.
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Figure 1 Effects of sevofl preconditioning on logic motor function and histologic assessment of the spinal cord after
ischemia/reperfusion (IR) injury. (A} Neurclogical function scores were assessed at 6-h intervals during the 36 h observation using Tarlov scores
after injury in three groups (n = 24). Neurological function scores ranged from 0 (paraplegia) to 4 (normal). Data are presented as the mean+
SEM. (B) Neurological function scores at 36 h after reperfusion in three groups. Each symbol represents data for one rat (n=8§, bar = median).

(€) Number of intact motor neurons in the ventral gray matter (0= 8). (D) Reprasentative sections of lumbar spinal cords in the ventral hom of
gray matter stained with hematoxylin and eosin 36 h after reperfusion in three groups. Normal neurons exhibited a fine granular cytoplasm with
Niss| substance (arrows), while dead neurons were identified by the presence of a diffuse cytoplasm without cellular structure and with extensive

vacuolation of gray matter (arrowheads). Upper scale bar =200 um; lower scale bar =100 pm. **P < 0.05 vs. sham group. **P < 0.05 vs. IR group.

Li et al. Mol Brain 2014;7:69 °
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Sevoflurane preconditioning-induced neuroprotection
is associated with Akt activation via carboxy-terminal
modulator protein inhibition

Y.Chen®f, H. Nie™, L. Tian1, L. Tong?!, J. Dengl, Y. Zhang?, H. Dong®* and L. Xiong*

! Department of Anaesthesiology and ? Department of Orthopaedics, Xijing Hospital, Fourth Military Medical University, Xi'an,
Shaanxi 710032, China

* Corresponding author. E-mail: hidongé@hotmail.com (H.D.); mzkxlz@126.com (L.X.)

Editor’s key points

+ The mechanisms by which

sevoflurane
preconditioning protects
against cerebral
ischaemia are unclear.
In arat model of focal
cerebral ischaemia,
sevoflurane
preconditioning reduced
infarct size and
neurological dysfunction.
The protective effect
involved preservation of
Akt signalling by
down-regulation of an
endogenous inhibitor.
Identification of this
inhibitor reveals a novel
target for neuroprotective

Arnine

Background. Sevoflurane preconditioning has a neuroprotective effect, but the underlying
mechanism is not fully understood. The aim of the present investigation was to evaluate
whether sevoflurane-induced cerebral preconditioning involves inhibition of carboxy-
terminal modulator protein (CTMP), an endogenous inhibitor of Akt, in a rat model of focal
cerebral ischaemia.

Methods. Male Sprague - Dawley rats were exposed to 2.7% sevoflurane for 45 min. One hour
later, ratswere subjected to 60 min of focal cerebralischaemia. The phosphoinositide 3-kinase
inhibitors wortmannin and LY294002 were administered 10 min before preconditioning. Rats
in the lentiviral transduction group received an intracerebroventricular injection of lentiviral
vector Ubi-MCS-CTMP 3 days before ischaemia. Neurological deficits and infarct volumes
were evaluated 24 h and 7 days after reperfusion. Phosphorylation of Akt, glycogen
synthase kinase-3@ (GSK3g), and expression of CTMP were determined at 1, 3, 12, and 24 h
after reperfusion. Akt activity was measured at 3 h after reperfusion.

Results. Sevoflurane preconditioning improved neurological score and reduced infarct
size at 24 h of reperfusion. Pretreatment with wortmannin or LY294002 attenuated these
neuroprotective effects. Expression of CTMP correlated with reduced Akt activity after

ischoemia, while sevoflurane preconditioning preserved Akt activity and increased
phosphorylation of GSK3p. CTMP over-expression diminished the beneficial effects of
sevoflurane preconditioning.

. P P
€or TsTACtvatiomorAlctsron

neuroprotection provided by sevoflurane preconditioning.

Glycogen synthase kinase 3 beta

Anesthesiology 2009, 110:1271-8

Copyright @ 2009, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc

Sevoflurane Preconditioning against Focal Cerebral

Ischemia

Inbibition of Apoptosis in the Face of Transient Improvement of Neurological

Outcome

Jean-Laurent Cogaccioni, M.D.,* Lionel J. Velly, M.D.,T Chahrazad Moubarik, Ph.D.,T Nicolas J. Bruder, M.D.,§

Pascale S. Pisano, Ph.D.,|| Benjamin A. Guillet, Ph.D.#

Background: Preconditioning the brain with volatile anes-
thetics scems to be able option for reducing ischemic cere-
bral injury. However, it is uncertain whether this precondition-
ing effect extends over a longer period of time. The purpose of
this study was to determine if sevoflurane preconditioning of-
fers durable neuroprotection against cerebral ischemia.

Metbods: Rats (Sprague-Dawley) were randomly allocated to
two groups: nonpreconditioned control group (n = 44) and
preconditioned group (n = 45) exposed w 2.7 vol% sevoflurane
(45 min) 60 min before surgery. Animals in both groups were
anesthetized with 3.0vol% sevoflurane and subjecied o tran-
sient middle cercbral artery occlusion. After 60 min of awake
focal ischemia, the filament was removed. Functional neuro-
logic outcome (range 0-18; 0 = no deficit), cerchral infarct sire
(Nissl staining), and apoprosis (Terminal deoxynucleotidyl
transferase-mediated 2'-deoxyuridine 5 triphosphate nick-end
labeling: cleaved caspase-3 staining) were evaluated at 3, 7, and
14 days after ischemia

Results: Sevoflurane preconditioning significantly improved
functional outcome and reduced infarct volume (109 = 43 vs.
148 + 56 mm?*) 3 days afier ischemia compared 1o the control
group. However, after 7- and 14-day recovery periods, no sig-
nificant differences were observed berween groups. The num-
ber of apopiotic cells was significantly lower in the precondi-
tioned group than in the control group afier 3- and 7-day
recovery periods. Fourteen days after ischemia, no differences
: o a

been shown to reduce in vifro hippocampal neuronal
damage after h}rposzl5 and in vive after global cerebral
ischemia.'? Most of these studies on cerebral APC have
assessed histopathological and neurologic outcomes for
a period of less than 7 days after injury. It is therefore
uncertain whether this preconditioning effect extends
over a longer period of time. As Kawaguchi ef al®?
reported in their study on the direct neuroprotection
afforded by volatile anesthetics, the role of neuronal
apoptosis is central in the pathogenesis of cerebral isch-
emia. This study shows that volatile anesthetics delayed
but did not prevent neuronal apoptosis after focal cere-
bral ischemia. The effect of APC on neuronal apoptosis is
still poorly explored. Only indirect effects have been
reported by Zhao et al™' who showed during APC
against neonatal hypoxicischemic brain injury an in-
crease in expression of the antiapoptotic protein B-cell
lymphoma-2.

In this context, we first studied the time-course of
neuroprotection induced by sevoflurane precondition-
ing by using an in vivo model of transient focal cerebral

ierhomia in the st Noneanentoction mme acceccad e
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Neuroprotection induced by sevoflurane-delayed post-conditioning @:m
is attributable to increased phosphorylation of mitochondrial GSK-3[3
through the PI3K/AKt survival pathway

Zhi Ye !, Pingping Xia !, Zhi-gang Cheng, Qulian Guo *

Department of Anesthesiology, Affiliated Xiangya Hospiinl of Ceniral South Undversity, Changsha 410078, Hunan Province, China
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Keywands:

Sevoflurane

Post-conditioning

Focal cerebral ischemia

POK/ Akt

Glycogen synthase kinase 3f [GSK-33)
Apoptosis

Background and purmpose: Post-conditioning with volatile anesthetics can create ischemic tolerance against cene -
bral ischemia-repefusion injury. The present study was designed to de termine whether delayed exposure 1o
sevollurane could induce ischemic tolerance and i this effect was dependent on increasing phosphorylated
Ak-Ser473 and GSK-3p-% 19 expression in the mitochondda, via a mechanism involving the PEE/AkL pathway.
Methods: Adult male Sprague-Dawley rats were subjected to focal cerebral ischemia. Sevollurane post-
condiioning was achieved by administration of 2.5% sevoflurane for 60 min, 15 min after reperfusion. Phosphor-
ylated Akt-Serd 73 and GSK-33-519 inthecytosol and mitochondria of the ischemic penumbrawere evaluated 4,
12, 24, and 72 h atter reperfusion. Neurological defidt score and activity of caspase-3 and -9 were evaluated 24
and 72 h after reperfusion. Apoptosis, as measured by TUNEL staining and cerebral infarct sizewas determined
24 h after repe fusion.
Resulrs: Sevollurane-delayed post-conditdoning significantly increased levels of phosphory bted Akt-Serd73 and
GSK-33-Serd in the mitochondria and inhibited the activides of aspase-3 and -9, showing an improved
neurological deficit score and a decreased infard size. However, LY294002, a selective PI3K inhibitor, not only
eliminated the neuroprotection of sevollurane, as indicated by an increased infarct size and a larger number of
TUNEL-positive cells, but also reversed the elevation of p-Akt and p-GSK-33 expression in the mitochondria
induced by sevollurane post-conditioning.
Condusions: Our data suggested that delayed application of sevoflurane after repedfusion provides neuroprotec-
ton by activating phosphorylated Akt-Serd73 and GSK-33-5er9 in the mitochondria via the PBK/AkKL pathway.
© 2014 Elsevier BV. Al Aghts reserved

SE+LY

Infarct sizes (%)

C SE SE+LY DMSO LY

Rg. 1. Improvement of neunslogi@] outcome by sevoflurane-delayed post-conditioni ng
after focal cerebral ischemia. A. Neurological deficit scores were evaluated immediately
hefore the animals were sacrificed. 3%P < 0,05, vs comtrol group. n = 5 for each group.
B. Columns show representative TTC staining from @t brains. C Graphs show infarct
size meauements 24 h after stmke for each group (n = #). Data are expressed as
maan = 50,3 P < 0L05, vs. control group.
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Ne Effect of apoptosis in neural stem cells treated
=&===yith sevoflurane
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25 Background: At present, sevoflurane inhalation anestheda used on infants is well-known. But long-time exposure to
T 9 204 inhalation anesthetic could @use neurologic disorder, especially nerve degeneration in infant and developing brain.
B8 The central nenvous system degeneration of infants could affect the memaory and cognitive fundion. y-Aminobutyric
acid (GABA) iz a known inhibitory neurotransmitter in central narvous system. Inhalation anesthetic sevoflurane may
ool | activate GABA, receptor to inhibit central nervous system, leading to apoptosis of neural degeneration, cognitive
dysfunction in the critical period of brain development.

Methods: MNeural stem celk were derived from Wistar embryos, cultured in vitro, Third genemtion of neural stem cells
were randomly divided into four groups according to cultured suspenson: Sevoflurane group (Group 5), GABA, receptor
antagonists, Bicuculline group (Group B), Sevoflumne+ GABA, receptor antagonists Bicuculline group (Group 5+ B),
dimethyl sulphoxide (DMSO) group (Group D). Group B and Group D did not receive sevoflurane preconditioning.
Group 5 and Group 5+ B were pretreated with 1 minimum aleolar concentration (MAC) sevoflurane for0 h, 3 b 6 h,
and 12 h Group 5+ B and Group B were pretraated with bicuculling (10 uM). Group D was treated with DMSO (10 ul/mlL).
After treatrments abowe, all groups were cultured for 48 h. Then we measured the cells viability by Cell Counting Kit (CCK-E)
assay, cytotoxicity by Lactate Dehydrogenase (LDH) assay, apoptasis rmatio with Annexin V/propidium iodide (Pl) staining by
flow oytometry, and the expression of GABALR, antiapoptotic protein Bd-2, pro-apoptatic protein Bax and Caspase-3 by

weestern blotting. ;:_
Results: After exposing to sevoflurane for 0 h, 3 h, 6 h, and 12 h with TMAC, we found that cell viability obviously # [CISE
decreased and cytotoxicity increased in time-dependant way. And Annexin V/Fl staining indicated increased apoptoss -
ratio by flow cytometry. The protein level of GABA, receptor, pro-apoptotic protein Bax and apoptosis protein

Caspase-3 indeased; while anthapoptotic protein Bol-2 dedeased. And bicuculline could reverse all detrimental results
_caused by sevoflurane,

Conclusion: Sevoflurmne can inhibit the central nervous system by adivating GABA,, resulting in apoptoss of neurml _
L stern cells, thus leading to the NSCs degeneration. 2k

Keywords: Sevoflurane, y-Aminobutyric acid, Apoptosis Meural Stem Cells Caspased
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Abstract  Increases in plasma kynumenic acid (KYMA)
concentmtion melate to the seventy of inflammation. The
aim of this study was to analyse changes in plasma KYNA
concentmtion and neutrophil/lymphocyte mtio (MLR) in
camdiac surgery patients. Additionally, the effect of anacs-
thesia was analysed. Adult cardiac surgery patients under
intravenous general anaesthesia wemne studied. Additionally,
some patients received sevofurane (SEV) prior to candio-
pulmonary bypass. Plasma KYMA concentmtion and NLR
wene measured betore anaesthesia, just after surgery and on
postoperative days 1, 2 and 3. Patients wene assigned to
two groups: patients who did not meceive SEV (NonSEV
group) and patients who received SEV (SEV group). Forty-
three patients were studied. Twenty-four of them received
SEV. KYNA increased immediately after surgery and
remained elevated through postopemtive day 3 in the
NonSEV gmoup, whereas it was similar to the preoperative

concentration in the SEV gmoup. NLR increased immedi-
ately after surgery in both groups, and higher values werne
noted in the NonSEV group than in the SEV group at
postoperative days 2 and 3. Flasma KYNA concentration
comelated with NLR in the NonSEV group. Candiac sur-
gery caused an increase in NLE. Plasma KYNA increased
in the Non5SEV grmoup and comelated with NLR. Admin-
istmtion of SEV inhibited the increase in KYNA, most
likely due to its anti-inflammatory properties.

Keywords  Kynurenic acid -

MNeutrophil/ly mphocyte ratio - Sevofurane -
Cardiac surgery - General anaesthesia

Introduction
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Table 1. Natural and chemical effectors of Kzp channels, remarkable features and interacting partners
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Table 2. Pathophysiologies of Kzp channels deduced from cell, and animal models and implications in human pathologies

Name Physiology /Pathophysiology Human pathologies
Cancer
i . ) . .
gplll-?{t] Phosphate and water reabsorption in kidney* E::;f::;iii?;fnmmm =
hypokaliemia/ar rythmia?
T
gplﬁ - Vascular® and pulmonary hypertension®
Ezcg,l??q No altered phenotype™
Cytoskeletal orpanizadon during neuronal
morphogenesis!
TREK1 Depression™
- , . L Modulation of thermal and Cancer 7+
K2p2.112 Meuroprotecuon . . .
: ) ) mechanical nociception, and
Integrity of blood-brain barrier!® hyperalgesia in inflammation
Vasodilatation17.18 condirions! 921
TREK2
E2P10.12324
'I‘I\:_.'ZPrI 125 Brain metabolism™
. Pulmonary arterial
. 8 4
'EFSJ];{A ::[d::ﬂ .ghlandfznnau.tm . - hypettension™
S S Aldosterone secreion™ > Atral fibrillaton®s Cancer 73637
TASKG Sleep mechanisms and cognitive functions® Proliferation/ apoptosis ¥ Bick Barcl
K9P0 13639 Meuronal migration duning development! k;':rr!dru?\::“‘
- Depression -
TASKS
K2P15. 14445
Bicarbonate reabsorption®
TASE2 Volume control in kidney proximal mabule® Cancer 25l
K2P5.146 Volume regulation of T-cells® ’ -
Central chemorecepton®
TALKI1
K2P16.132
'['l\:jg:l?l = Cardiac conducoon disorders?
THIKI
K2P13.14
THIE2
K2P12,1224
EFE?%KI“ Temperature nociception™® Migraine® 7.5
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Comparison of intraoperative brain condition,
hemodynamics and postoperative recovery
between desflurane and sevoflurane in patients
undergoing supratentorial craniotomy

Surya Emmar Dube,

Mihir Prakash Pandia,

Arvind Chaturvedi,

Parmod Bithal,

Hari Hara Dash'

Department of Neuroanesthesiology
AN lndiz instituie of Medical
Sciences, New Dell, 'Department
of Anesthesiology, Fortis Memaonzi
Reszearch Insfitute, Gurgaon,
Haryana, India

ABSTRACT

Background: Post operative recovery has been reported to be faster with desflurane
than sevoflurane anesthesia in previous studies. The use of desflurane is often criticized
im meurosurgery due to the concerns of cerebral vasodilation and increase in ICP and
studies comparing desflurane and sevoflurane in neurosurgey are scarce. So we
compared the intragperative brain condition, hemodynamics and postoperative recovery
in patients undergoing elective supratentorial craniotomy receiving either desflurane or
sevoflurane. Materials and Methods: Fifty three patients between 18-80yr undergoing
elective supratentorial craniotomy receiving N,O and oxygen (G0%:40%) and 0.8-1.2
MAC of either desflurane or sevoflurane were randomized to group S [Sevoflurane)
or group D [Desflurane). Subdural intra cranial pressure (ICP) was measured and brain
condition vwas assessed.. Emergence time, tracheal extubation time and recovery time
were recorded. Cognitive behavior was evaluated with Short Orientation Memory
Concentration Test [SOMCT) and neurclogical outcome (at the time of discharge) was
assessed using Glasgow Qutcome Score [G03S5) between the two groups. Results: The
emergence time [Group D 7.4 + 2.7 minutes vs. Group 5 7.8 + 3.7 minutes; P =
D0.65]. extubation time [Group D 11.8 + 2.8 minutes vs. Group S 12.9 + 4.9 minutes;
P = 0.28] and recovery time [Group D 16.4 + 2.8 minutes vs. Group 3 17.1 + 4.8
minutes; F = 0.50] were comparable between the two groups. There was no difference
in ICP [Group D; 9.1 + 4.3 amHg vs. Group 5; 10.9 + 4.2 ramHg; # = 0.14] and brain

Address for correspondence:

Dr. Mihir Prakash Pandia.
Department of Meurcanesthesiology,
All India Institute of Medical

condition between the tvwwo groups. Both groups had similar post-operative complications,
hospital and ICU stay and GOS5. Goncusion: In patients undergoing elective supratentorial
craniotomy both sevoflurane and desflurane had similar intra-operative brain condition,
hemodynamics and post operative recowvery profile.
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Figure 5: Short Onentation Memaory Goncenfration Test score of the
patients at difierent intervals. BL: Base line; PO: Baseline posioperative
on Intensive care unit (IGU) admission; T15-T180: From 15 min of IGU
admission to 180 min of IGU admission

Figure 3: Figure showing heart rate and mean arierial pressure from
tapering of inhalatonal agents till 10 min after extubabon. Tap: Tapering
of inhalational agents; T_1 to T_22: At 1 min interval from tapenng of
inhakational agents &l extubation; Ext At extubation; Ext1-Extio: At
1 min interval from extubation till 10 min of extubation
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EVIDENCE-BASED CLINICAL UPDATE

Mouse Model of ™ rebral Hypoxia-lschemia

Comparison of propofol and volatile agents for maintenance of

anesthesia during elective craniotomy procedures: systematic

review and meta-analysis

Comparaison entre propofol et agents volatils pour le maintien de
I’anesthésie pendant les interventions de craniotomie non
urgentes : revue méthodique et méta-analyse

Jason Chui, MBChB - Ramamani Mariappan, MD -
Jigesh Mehta, MD - Pirjo Manninen, MDD -
Lashmi Venkalraghavan, MD
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Abstract
Background Both propofol and volatile anesthetics are
commaonly wsed for maintenance of anesthesia in patients
undergoing neurosurgical procedures. The effects of these
two classes of drigs on cerebral hemodynamics have been
compared in many clinical trials The olggctives of this
review were to evaluate the cerebral he ) ic effects,
recovery  profiles, &' rative
complications. and neurclogical outcomes ff@n’-
based vs volatile -based anesthesia for craniotonmy
Methods  MEDLINE®, EMBASE™ Cochrane, and ot
relevant databases were searched for randomized contro
trials that compared propofol-maintained anesthesia wm‘l
volatile -maintained anesthesia in adudt patients undergoing
elective craniotomy. The primary outcome measure was the
intrasperative brain relaxation score. Secondary outcome

operative  condi fions,

Erica B Lin, MD,*t§ L
Charles V. Vorhes

ibeth A. Hughes, BS,* John C. McCann, BS.*

' hypoxiz4schemia (HI) can lead to Ifedong Impalment,
iortterm but not long-term protection has been dem-
brain Ischemia model (RVM) by volatile anesthetic

. 'fing HI has not been tested. In the current study, we
mild hypothermia as a protective approach during
‘tubation and mechanical ventiation to the RVM.
's ligated In 10-day-cid mice during brief sevoflu-

'th the dam. Littermates were then randomized
& tor 60 minutes ({the classical RVM); HIHProtect
w‘: @\A. % mechanical ventilation with 3.5% sevofiurane
“@\"‘1(\«“ spontanecusly breathing room alr for 60 minutes. In
«ﬂf;q +%atlon was monitored in the area at risk and the contralat-
> <rotact using visiblelight spectroscopy (Spectros Corp). Mean

measures in.
{intracranial p
[CPP]),  candio
postoperative oo
{neurological morbu 9
analysis was conduct,
compare the outcomes «
Resulls  Fourteen stud

3\\‘5

\a“(,,m :;'IEI'IE walght ratios and brain damage scores were determined 1 week
‘\:x??‘-_*r group, learmning and behavior were assessaed In young adulthood (9 weeks)

criteria and were analyze. € SEPRT o8 +S1e0US Iocomotion, Maorrls water maze, and apomarphing injection.

similar between the two | (\‘3‘ S ' w@,a\ﬁ«a.a. During HI, Ipsiiateral and contralateral brain oxygenation, arterial blood pressures,

""“"”"r TCP war lower fu* o v\'\““' ~ %ol gases, and glucose levels were similar In both Ischemic groups, while heart rate was
mmHg: 95% confidence 1 Q\‘\ \\\

“«*‘Siower In the HIFrotect Eroup. One week after Ischemia, brain hemispheric welght ratlos and
Injury scores In several brain reglons were significantly worse after H1, compared with HI-Protect.
Mine weeks after HI, Morrls water maze nidden platform and reversal platform escape latencles,
measures of spatial memory function, were superior after Hi-Protect, compared with HI (P <
0.0001). HHProtect animals demonstrated significantly less circling behavior after an apomor-

phing challenga (P < 0.0001). a3 measure of striatal Integrity.

has higher (weighted mean Y\‘\
dence  interval 122 @d“‘

afol-maintained ane. \
complica fl}' recovery profiles 4 N
the nwo groMk, except for postope.

lnnurmg herng J‘zn .ﬁt.qmenr wm‘: pr. @;0“ ddaintained
Caprcl

Thiz anticle is accompanied by an editorial Please see Can J Aneah
2014; 61 this issue.
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ONCLUSIONS: To test the neuroprotective effects of volatlle amesthetics during neonatal brain
Ischemla, we developed a3 modification of the RVM. By using mechanical ventilation and endo-
tracheal Intubation, sevoflurane administration during HI was survivable. The combination of
sevofiurane administration and mikd nypothermia during HI conferred not only short-term struc-
tural, but also long-term fumctional protectlon, compared with [termates treated according to
the RVM. These findings wammant further studles to Improve neurological outcome In critically 1
Infants. (Anesth Analg 2014;119:1158-73)

analysis on drnrcaf CHICHE.

Conclusion  Propofol-maintained and volatile-maintaine d
anesthesia were associated with similar brain relaxation
scores, athough mean ICP values were lower and CPP
values higher with propofol-maintained anesthesia. There
are inadequate data to compare clinically significant
onfcomes such as neurological morbidity or mortality.

A Combination of Mild Hypothermia and Sevoflurane
Affords Long-Term Protection in a Modified Neonatal

e, MD, MBA.*1§ and Andreas W. Loepke, MD, PhD*{§
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Dziatanie przeciwzapalne

hamowanie ekspresji genow

wewngtrzkomaorkowe IkappaBalpha oraz GSK3R i cykl AKT/GSK3p
mitochondrialne K*,;p

hamowanie uwalniania cytokin min z makrofagow

stymulacja produkcji NO

hamowanie funkcji neutrofili (P-selektyna i ICAM-1)

zmniejszenie produkcji ROS przez aktywowane neutrofile
(hamowanie oksydazy NADPH i kinazy biatka C)

hamowanie aktywnosci komorek NK
hamowanie uwalniania IFN-y z limfocytow, apoptoza limfocytow
v cykl przemian tryptofanu — kwas kynureninowy

N N N N N N

AN

Boost et al. Int ] Mol Med. 2009; 23: 665

Zhang et al. Med. Gas Res 2014; doi: 10.1186/2045-9912-4-5
Watanabe et al. Br ] Anaesth 2013; 110: 637
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Dziatanie przeciwzapalne

(/‘ \\ VOLATILE ANESTHETICS
Apoptosis / \
T Caspase cascade Anti-inflarmmation
TC}tuchrume C - u’ ¥m Cytokines, chemokines ‘
Adhesion molecules 3

tSuper oxide(O, * ) and other ROSs T
‘ Transcription factor AP-1 J

Lymphocyte T

t PKC, MAPK — Altered p38 MAPK cascade
|

/ Cardiac myocyte l \

Open mK . 1p

I Lymphocyte
Depolarization of mitochondrial
membrane potential
Reduced mitochondrial caleium
loading

Anesthetic preconditioning

K Improved mitochondrial ETC

function /

Kurosawa S and Kato M. J Anesth 2008; 22: 263




Uktad oddechowy - badania
eksperymentalne

v’ przepuszczalno$¢ naczyh ptucnych
v' metabolizm

Li et al. Asian Pac ] Trop Med 2014; 7: 276

Voigtsberger et al. Anaesthesiology 2009; 111: 1238




Uktad oddechowy - badania
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Uktad oddechowy - badania

eksperymentalne
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Uktad oddechowy - badania

eksperymenTGIne This Article About For Contributors e-Submission
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Uktad oddechowy
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Uktad oddechowy - badania kliniczne

v stezenie cytokin prozapalnych a wentylacja jednego ptuca

Comparison of inflammatory indicators and lung function parameters in the two patient
groups.

Index Group T0 T1 T2 T3 T4 15
TNF-a S 1543 18+5 27+6b 38tllab 39+9%ab 18+4
(pg/mil) P 14+3 16+4 25+5b 27+9b 29+8b 15+4
IL-6 S 12+2 15+4 23+6b 31+9b 32+8b 16+5
(pg/mil) P 12+3 14+3 20+7b 28+8b 30£7b 15+4
IL-10 S 18+4 2015 25+7b 27+t9ab 30+8ab 2017
(pg/mil) P 19+4 22+6 27+7b 35+8b 37+8b 22+7
PA-aDO2 S 24+2 221+30b  437+53ab 246+34ab 232+29b 27+3
(mmHg) P 23+2 212+26b  385+43b  220+31b 215+27b  25+2
Qs/Qt S 9.2+1.8 11.5+2.3 26.7x4.2ab 15.6x2.5b 14.2+2.3 9.8+2.2
(%) P 8.9+1.7 10.2+1.8 18.3x3.7b 13.1+1.9 125+21 9.5+2.3

Jin et al. Exp Therap Med. 2013; 6: 781



Uktad oddechowy - badania kliniczne
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renal tubular cells and induce phosphatidylserine externalization and TGF-81 generation. Volatile anesthetics also increase the formation of ) and
caveolae/caveolin lipid rafts in the buoyant fractions of the renal tubular plasma membranes and facilitate caveolae sequestration of several

cytoprotective signaling intermediates (e.g., SK-1, TGF-31 receptors, and S1P). TGF- 1 generated by volatile anesthetics binds to the TGF-81
receptor, leading to translocation of SMAD-3 to the nucleus to increase the expression of renal tubular CD73. Increased CD73 expression
subsequently increases renal tubular adenosine generation. Activation of renal tubular and perhaps endothelial ARs increases SK-1 protein
expression via induction of HIF-1a transcription factor. In addition, activation of Ay ARs increases renal tubular IL-11 synthesis via ERK-MAPK
activation. Finally, IL-11 also induces SK-1 generation via the HIF-1a pathway. CD, cluster of differentiation; ERK-MAPK: extracellular signal-
regulated kinase mitogen-activated protein kinase; Gi/o, inhibitory regulative G protein; IL-11R, IL-11 receptor; S1PR, S1P receptor.
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