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e Na adhezilymfo a leukocytU

Na bunky imunitniho systemu

e Na tvorbu cytokinu

e Na reqgulaci apoptozy

Effects of ketaming on immunosuppression.
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Odpovéd na infekci
Makrofagy - zahajeni zanétlivé odpovédi — uvolnéni cytokin TNF- a, IL 1,6,8
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Fagocyt: makrofag, neutrofil, dendriticka bb
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e Ovlivnéni makrofagy
zprostredkovane

—_— Ifnf : n‘.‘(
Ketamin snizuje fepe

L3 7 Hfr
“IL-4 I1'|1 Tnfp

membranovy potencial \ “
M IL|"'|L1|III Ifn

makrofagl atim vede k ==
jejich dysfunkci
e Inhibice produkce NO

ZachovanillL 2 -proliferaceT a B lymfo
Zvyseni IL 10 -human cytokine
synthesis inhibitory factor (CSIF)




Neutrophil

Mac-1: Macrophage-1 antigen (nebo
integrin aMB2) je receptor complementu
("CR3") slozeny z CD11b (integrin aM) a
CD18 (integrin B2).Vaze se na C3b a C4b.

CD 11 a{18 + interakce s Ketamin
adheznimi molekulami na bb
endotelu a migrace do zanétu

CD 44 — interakce neutrofild s endotelialni bb a

extracelularni matrix .
Ketamin

CD'62L-L-Selectin

Ketamin

CD({
odpovédny za fagocytozu a tvorbu
cytokinu

Neutrofily podle podilu cytoplasmatickych granul
granulocyty, basofil, eosinofil




Endothelial Cell/Leukocyte Interaction

Ketamin

E-selectin

d D
IL1 and TNFa from immune macophages

e Exprese adheznich molekul endotnea
endotelu cev
— Esencialni pro zanétlivou reakci

Ketamin

endothelial

— Reguluje prechod leukocytd z cév gg.,f”; 1
do zanétlive tkané
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Ketamin snizuje /
adherenci leukocytu
(sniZena exprese g

adheznich molekul)

Alter amra 4

Snizuje adherenci a
migraci lymfocytu
(snizuje upregulaci
adheznich molekul

CD18 a CD62L




Cn naé.ltiﬂphil.' L—_seiiac:tin.‘DP.I;S‘GL—‘l . On nautrophil: LFA-1, VLA-4

On endotheliu peaL1 [l ©Onendothelium: ICAM-1
P- and E-selectin, hyaluronan and ICAM-2, VCAM-1

Tethering and rofling Adhesion
5 3_’\ }“( crawling}

et On neutrophil: Mae-1
(il On endothelium: ICAM-1

Chemolaclic agents:
IMLP, C3a, C5a, LTB4,
chamokines On neutrophil: LFA-1, Mac-1, VLA-4,

(e.q., IL-8), DAMPs, alarmins 1 PECAM-1, CDog
On endothelium: ICAM-1 and
ICAM-2, VCAM-1, JAMs, ESAM,

~ Bacteria PECAM-1, CD8SL2, VE-cadherin
f

Doad cell g

Downregulace
chemotakticke aktivity a
produkce oxidantu

ketaminem
Inhibuje fosforylaci NADPH r ¢

7~ B

OXidézy Neutrophit

| “ADHESION
MOLECULES

o7
RADPH

NADPH oxidaza je regulator 5

tvorby superoxidového aniontu
Inhibuje tvorbu superoxidoveho
aniontu

Snizeni koncentrace chemickych latek-chemoatraktantt a tim snizeni pohybu
do mista zanétu




e UG+ aG-septikemie

e Snizenim fosforylace
inhibovan vstup z
cytosolu do jadra a
nasledna transkripce

— Suprese TNF-3,IL-6,
IL-8
— Inhibice INOS

Classical pathway of NF-kB activation
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e Ketaminem indukovana
suprese TNF-a, IL-2ab a IL-6
(na Urovni transkripce)
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— Snizuje LPS-indukovanou
JNKz/2 fosforylaci (c-Jun N-
terminal kinase)

Plasma membrane
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— co-receptor spolus Toll-
like receptor TLR 4 a MD-2
k detekci bakterialniho LPS
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Terapeutické koncentrace ketaminu ovliviuji LPS vazbu na LBP
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Mitochondrial stress-mediated injury

Intrinsic Extrinsic
pathway pathway . . . .
| Death | Ketamin inhibuje
= receptors —_
I Cell membrane m‘:\
| FADD
: Fig 1 The two major pathways of apoptosis. The intrinsic or mito-
L : - chondrial pathway of apoptosis (left side) involves mitochondrial
Mitochond P yorapop
itofed DISC dysfunction, release of cytochrome ¢ (cyt ¢) and the subsequent
formation activation of caspase-9 (casp-9) at the apoptosome. The anti-

Effectors

\Gy’tcs&l
Liu JR, LiuQ, LiJ Baek C, Han ¥XH

apoptotic protein Bcl-2 inhibits the release of cytochrome ¢ from
the mitochondrion. The extrinsic or death receptor pathway
(right side) is initiated by binding of death ligands to the death
receptor and subsequent recruitment of the adapter protein
FADD and caspase-8 (casp-8) into the death-inducing signalling
complex (DISC). Both apoptosis pathways converge at the acti-
vation of effector caspase-3 (casp-3), which cleaves several cellu-
lar proteins, finally leading to the typical alterations of apoptosis

such as DNA fragmentation in the nucleus.
i

Anesthesiology. 2012 Jul,117(1):64-71. doi: 10.1097/ALN.0R013€31825ae653.
Noxious stimulation attenuates ketamine-induced neuroapoptosis in the developing rat brain.

Athiraman U, Soriano SG.

Ketamin aktivuje caspase 3,

pokud neni bolestivy stimul

Pri bolesti je neuroapoptoza oslabena



Roytblat et al 1996 (n=22)

Roytblat et al 1098 n=28)

Bartoc C et al EDN%:MW}

Beilin B et al 2007 {n=36)

Cho et al 2008 (n=50)

Wetlers et al 2011 (n=128)

Overall (l-sguared = 91_1%, p = 0.000)

NOTE: Weights are from random effacts analysis

=200

Mean difference (85% CI)

-34.50 (43 83 -25.17)

-130.00 (-160.45, -99.55)

-85.67 (-152.10, -30.23)

45,10 (-B4 87, -7.33)

-26.00 {-41 48, -16 52)

-114.00 (-151.51, -76.50)

-71.00 (-100.57, -41.44)




e Ketamin inhiboval reaktivitu
leukocytd a tlumil produkci
superoxidoveho aniontu neutrofily

e U pacientu podstupujicich AKB .

_ = o e

Superoxide
| Dismutase

e Snizeni inducibilniho superoxidu u

lidskych neutrofild s yeaicobs &

Lu HW, He GN, Ma H, Wang JK. Ketamine reduces inducible superoxide generation in human neutrophils in
vitro by modulating the p38 mitogenactivated protein kinase (MAPK)-mediated pathway. Clin Exp Immunol
2010



Roussabrov E, Davies JM, Bessler H, Greemberg L, Roytblat L, Yardeni |, et
al.Effect of ketamine on inflammatory and immune responses after
shortduration surgery in obese patients. Open Anesthesiol J 2008.

The Effect of Ketamine on Immune Responses The Open Anesthesiology Journal, 2008, Volume 2 43
Table 3. Cytokine and Immune Responses
Response Group Preop 4 hrs 24 hrs 48 hrs 72 hrs

IL-1B Control 6.5=0.3 82409 B.8+07 84409 §4=09
(ng ml ™) Ketamine 6.4=0.5 8.1+0.8 8.9x07 9.2+0 8% 8809
IL-6 Control 57.4=50 126.0+18.8 136 414 1% 141.2+17.1* 140.6+£31.6*
(ng ml ™) Ketamine 52.7£75 57948 4% 110.4+20.0 105.59.5 102.7=14 3
TINF-o Control 12.5=0.8 154+13 15.0=1.7 16.0£1.7 16.6=12%
(ng ml ™) Ketamine 11.4+1.1 11.8+1.1 149+1.2 16.5+1.6 159=22
IL-2 Control 5.0=05 3.6+£0.6 324057 324057 4.0=0.5
(ng ml ™) Ketamine 55205 4.6+0.6 45205 43+05 4 8204
Lymphocyte Control 19.2+1.7 16.4+2.1 143x1.77 18.3+£2.1 173217
proliferation (Cpm x 107 Ketamine 19.9+1.6 17.4+1.6 17.3+1.5 18.142.1 18.2£1.7
NK Cell Control 35427 40.8+3.1 22 4+2 47 25.6+2 5% 30526
Cytotoxicity (%) Ketamine 33534 34.0+3.5 249+3 4 23.5+1.9% 26.2+23

IL-1p = Interleukin-1[3, IL-2 = Interlenkin-2, IL-6 = Interleukin-6, TNF-tt = Tumor necrosis factor-o, Lymphocyte proliferation = Phytohemaggiutinin-induced response (concana-

valin A- and pokeweed mitogen-induced responses not shown), NK = Natural killer.

* p=0.03 vs precperative value.
T p=0.01 vs precperative value.
#p=0.03 between groups.

WN=19 in the Control group and N=17 in the Ketamine group.

Values expressed as mean = SEM.




Cremer |, Martin M, Redl H, Bahrami 5, Abraham C, Graeter T,
Haverich A, Schlag G, Borst HG. Systemic inflammatory
response syndrome after cardiac operations. Ann Thorac Surg
1996;61:1714 20
Hill GE, Whitten CW, Landers DF. The influence of cardiopul-
monary bypass on cytokines and cell-cell communication.
I Cardiothorac Vasc Anesth 1997:11:367-75

Hennein HA, Ebba H, Rodriguez JL, Merrick S5H, Keith FM,
Bronstein MMH, Leung JM, Mangano DT, Greenfield L], Rankin
I5. Relationship of the proinflammatory cytokines to myo-
cardial ischemia and dysfunction after uncomplicated coro-
nary revascularization. | Thorac Cardiovase Surg 1994;108:
6526-35

Deng MC, Dazch B, Erren M, Mollhoff T, S5cheld HH. Impact
of left ventricular dysfunction on cytokines, hemodynarmics,
and outcome in bypass grafting. Ann Thorac Surg

e Neprimy efekt
. . . 7 199652184 90
ket a m I n U n a kl I n I C ky Meduri GU, Headley S, Kohler G, Stentz F, Tolley E, Umberger

I, Leeper E. Persistent elevation of inflammmatory cytokines
predicts a poor ocutcome in ARDS. Plasma IL-1 beta and IL-#

! | d k levels are consistent and efficient predictors of outcome owver
Vys e e time. Chest 1995;107:1062-73
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hladinach cytokin0)

Holmes JH, Connolly NC, Faull DL, Hill ME, Guyton 5W,
Ziegler SF, Hall RA. Magnitude of the inflammatory response
to cardiopulmonary bypass and its relation to adverse clinical
oubcomes. Inflamm Bes 2002:51:579-86
Hudetz JA, Gandhi SD, Igbal Z, Patterson KM, Pagel F5.
Elevated postoperative inflammatory biomarkers are associ-
ated with short- and medium-term cognitive dysfunction after
coronary artery surgery. | Anesth 2011;25:1-0
Dianesh ], Kaptoge S, Mann AG, Sarwar N, Wood A, Angleman
5B, Wensley F, Higgins JP, Lennon L, Eiriksdottir G, Rumley A,
Whincup PH, Lowe GD, Gudnason V. Long-term interleukin-6
levels and subsequent risk of coronary heart disease: two new
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2008;5:e78

Sun T, Wang X, Lin Z, Chen X, Zhang J. Plasma concentrations
of pro- and anti-inflammatory cytokines and outcome predic-
tion in elderly hip fracture patients. Injury 2011;42:707-13




e 0,25 mg/kg pred CA, 60 pt.

e Redukce zanetu vyvolaneho chirurgickym
traumatem (nitrobrisni operace) ketaminem

e Redukce bolestivosti a snizeni analgetik

— V.s. redukce zanétlive odpovédi na trauma
e Antagonizace nuklearniho faktoru-kappa B

e Omezenivzestupu IL-6 a CRP, zachovani IL-10




e Lepsipreziti mysi po podani LPS v prubehu
laparotomie (ketamin versus sevofluran).

— Snizeni TNF jako faktor preziti
e Nebylo vétsi preziti po podani E.Coli bez ATB

E-' V&t&i preziti, pokud byla infekce kontrolovana E
I ATB (ve srovnani se sevo) I

Anesth Analg. 2010 Oct;111(4}:1051-8. doi: 10.1213ANE. 0601 3e3181ed12fc. Epub 2010 Aug 12.
The effect of ketamine anesthesia on the immune function of mice with postoperative septicemia.

Takahashi T, Kinoshita M, Shono S, Habu ¥, Ogura T, Seki S, Kazama T.




e Ketamin zvysil preziti krys po ligaci
stfeva a jeho prodéraveni

 Yu M, et al. Effects of ketamine on levels of cytokines, NF-kB
and TLRs in rat intestine during CLP-induced sepsis. Int
Immunopharmacol 2007.

Yu M, et al. Effects of ketamine on pulmonary inflammatory
responses and survival in rats exposed to polymicrobial
sepsis. J Pharm Pharm Sci 2007.
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Regular paper

Effects of ketamine, propofol, and ketofol on proinflammatory

cytokines and markers of oxidative stress in a rat model of

endotoxemia-induced acute lung injury

Derya Gokcinar!, Volkan Ergin2, Ahmet Cumaoglu®, Adnan Menevse2 and Aysel Aricioglu“
a Numune T_raining and Research Hospital, Department of Anesthesiolo

TAnkar A . v; 2Gazi University, Faculty of Medicine, Depart
ment of Medical Biclogy and Genetic, Ankara,TurkEfy; 2Erciyes University, Faculty of Pharmacy, Department of Biochemistry, Kayseri, Turkey,
4Gazi Universit Ity of Medicine, Department of Medical Biochemistry, Ankara, Turkey

e LPSukrys

e Ketamin efektivniv protekci ALl

— Ketamin snizuje hodnoty TNF-q, IL-1[3, IL-6, NF-
kB, COX-2 mRNA indukovane LPS v plicni tkani
— TNF-a a IL-1 v plasmeé

— Lipidovou peroxidaci a pomeér nitraty/nitrity v
plicich

e Propofol bez efektu na lL-1b v plici
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s et al. BMC immunology 2011, 12:11
iomedcentral.com/1471-2172/12/11 GIVTC
RESEARCH ARTICLE Open Access

Ketamine inhibits tumor necrosis factor secretion
by RAW264.7 murine macrophages stimulated
with antibiotic-exposed strains of community-
associated, methicillin-resistant Staphylococcus

aureus

pentzas'?*", Reb 22 Elizabeth Meals' ren Lazar'?,

bek
tr S Wal

e CA-MRSA po zahajeni lecby vanco vede k bakterialni
lyze a zanétlive reakci hostitele na zaklade aktivace
cytokinove kaskady

* (U G+ sepse a podani ATB - betalaktamd, vanko)

e Podani ketaminu vede
— Redukce makrofagoveho TNF a 0 18-34%

— Pokles akumulace iINOS
— Efekt stejny a nezavisly na davce a délce podavani

— Detekovatelny pfi minimalni davce ketaminu




LAC a MW2 kmeny MRSA

‘" The prototypical USA400 strain, MW2, (CDC nomenclature for this strain of MRSA) was first isolated
in 1999 from a Midwest child with fatal CA-MRSA pneumonia [4]. In 2003, the prototypical USA300 CAMRSA

strain,

LAC, was isolated from Los Angeles County patients with skin and soft tissue infections, severe pneumonia and sepsis.
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Figure 6 TNF suppression by ketamine was tested at
concentrations of 10 puM, 50 pM, 100 pM and 150 pM in the
presence of vancomycin at 20 pg/mL and RAW264
macrophage stimulation with either LAC {upper panel) or MW2
(lower panel) CA-MRSA strains. Bacteria were added at a final
concentration of 107 110" CFU/mL {retrospective confirmation) in
the presence of vancomycin at 20 pg/mL. The inoculation time was
18 hours, Results are depicted as percentile reduction with 95%
confidence intervals shown, 2, the percent of TNF reduction that
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Figure 7 TNF suppression by ketamine was tested after 6, 10,
14, 18 and 24 hours exposure in the presence of vancomycin
at 20 pg/mL and RAW264 macrophage stimulation with either
LAC {upper panel) or MW2 {lower panel) CA-MRSA strains.
Bacterla were added at a final concentration of 10° to10” CFU/mL
{retrospective confirmation) in the presence of vancomycin at 20
pg/mL. The ketamine concentration was 100 ph. Results are
depictad as percentile reduction with 95% confidence intervals, i.e,
the percent of TNF redudion at the specific exposure time that
occurs in comparison to inoculation without ketaming at the same
time. The ** indicates statistically significant difference at p < Q.05



e Bakterie: Staphylococcus aureus, Staphylococcus
epidermidis, Entecoccus faecalis, Streptococcus pyogenes,
Pseudomonas aeruginosa a Escherichia coli

— Diskova difuzni metoda, kontrolni disk s ciprofloxacinem, stanoveni
minimalni inhibi¢ni MIC a minimalni baktericidni koncentrace MBC
ketaminu

Gocmen S, Buyukkocak U, Caglayan O. In vitro investigation of the antibacterial
effect of ketamine.Ups J Med Sci. 2008.

e 62,5 microg ketaminu bez efektu

e Ketamin 125 microg aktivita na vsechny mimo E.Coli
e 250 microg a 500 microg srovnatelny s CIP

e MICaMBCketaminu - S. aureus, S. pyogenes (500 microg mL/-1)
e MICaMBC-P. aeruginosa (2000 microg mL/-1)
e Pro ostatnivtomto rozmezi




Melamed R, Bar-Yosef S, Shakhar G, Shakhar K, Ben-Eliyahu S. Suppression of natural killer cell activity and
promotion of tumor metastasis by ketamine,thiopental, and halothane, but not by propofol: mediating mechanisms
and prophylactic measures. Anesth Analg 2003.




i
Ketamin ma imunomodulacni efekt v lidi, u zvirat

snizuje morbiditu a mortalitu
Pokud je podan pri uvodu do CA snizuje zanetlivou

odpovéd na chirurgicky vykon a s ni spojenou
morbiditu

Vyhodny efekt na hemodynamiku, analgeazii,
sedaci, snizeni davky opioidu a ventilaci

Je bezpecny k sedaci pacientu s TBI, snizuje ICP u
ventilovanych
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