Oxid dusnaty

Antonin Lojek

Kromé mnoha literarnich prament byla k pripravé pouzita také prednaska Dr. Hampla — FN Motol.
(http://physiology.lf2.cuni.cz/hampl/teach_slides/no_slides/index.htm)



Oxid dusnaty ( = nitric oxide = NO)

NO je molekulou sloZzenou z 1 atomu kysliku a 1 atomu dusiku
Tyto atomy jsou vazany dvojnou vazbou
Na atomu kysliku se nachazeji 2 pary elektront (nevazebnych)
Na atomu dusiku se nachazi 1 par nevazebnych elektronu a jeden elektron
neparovy



Molecular formula NO
Structural formula N=0

Molecular models

Space filling Ball-and-stick
NITRIC OXIDE

Nitric oxide (NO), a colorless gas that turns brown when it contacts air, is a known
pollutant and component of cigarette smoke and automobile exhaust. But in the body, NO
1s a chemical messenger with a role in the relaxation of smooth muscle cells.



Atmospheric Nitrogen Oxides

Los Angeles




Oxid dusnaty
o jesté pied par lety pouze nepfijemné a nebezpecné znecisténi
ovzdusi prispivajici ke smogu a kyselym desStum,
dnes nejstudovanéjsi endogenni molekula poslednich 20 let
 explozivni rozvoj znalosti (cca 300 novych publikaci mésicné)
* nove téma, ve starSich ucebnicich chybi
e "Molekula roku" 1992 prestizniho védeckého Casopisu Science
e Ucastni se funkce vSech hlavnich organovych systémi

* béhem nékolika let postup od zakladniho objevu k vyznamnym
klinickym pokrokim (PPHN, ARDS, Sok, impotence)



Persistent Pulmonary Hypertension of the Newborn

http://www.persistent-pulmonary-hypertension-newborn.com/

Persistent pulmonary hypertension of the newborn (PPHN) occurs when
a newborn's circulation system does not adapt to breathing outside the

womb. While a fetus 1s in the womb, it gets its oxygen from its mother's

placenta through the umbilical cords, so the lungs need little blood
supply. In PPHN the newborn's arteries to the lungs remain constricted

after delivery, limiting the amount of blood flow to the lungs and

therefore the amount of oxygen into the bloodstream.


http://www.persistent-pulmonary-hypertension-newborn.com/

Acute respiratory distress syndrome
http://en.wikipedia.org/wiki/Acute respiratory distress syndrome
Acute respiratory distress syndrome (ARDS), also known as
respiratory distress syndrome (RDS) or adult respiratory distress
syndrome (in contrast with IRDS) 1s a serious reaction to various
forms of injuries to the lung.

ARDS i1s a severe lung disease caused by a variety of direct and
indirect 1ssues. It 1s characterized by inflammation of the lung
parenchyma leading to impaired gas exchange with concomitant
systemic release of inflammatory mediators causing inflammation,
hypoxemia and frequently resulting in multiple organ failure. This
condition 1s often lethal, usually requiring mechanical ventilation and
admission to an intensive care unit.



http://en.wikipedia.org/wiki/Infant_respiratory_distress_syndrome
http://en.wikipedia.org/wiki/Lung
http://en.wikipedia.org/wiki/Lung
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Hypoxia_%28medical%29
http://en.wikipedia.org/wiki/Multiple_organ_failure
http://en.wikipedia.org/wiki/Mechanical_ventilation
http://en.wikipedia.org/wiki/Intensive_care_unit

HISTORIE

1620 - NO prvne pripraven BelgiCanem Janem Baptistou van
Helmontem (t.j. dfive nez tfeba kyslik - 1774)

1772 - chemicky charakterizovan Josephem Priestleyem (objevitel
kysliku)

1800 - toxicita (Sir Humphry Davy se malem zahubil, kdyz to zkousel
dychat)

1867 - amylnitrit snizuje krevni tlak pfi hypertenzi (dnes vime, ze to
dela tim, ze uvolnuje NO)

1914-1918 - d€lnici plnici za prvni svetové valky nitroglycerin do
délostreleckych granatl méli velmi nizky krevni tlak, coz
vedlo k zavedeni nitroglycerinovych tablet pro ulevu pri
angine pectoris;
dnes vime, ze tiCinek amylnitritu 1 nitroglycerinu je
zprostredkovan oxidem dusnatym uvoliovanym z t€chto latek



1977 - NO aktivuje guanylat cyklazu a tak zvysSuje intracelularni
koncentraci cGMP (Ferid Murad)

1980 - objev endotelidlniho relaxaCniho faktoru (EDRF, Robert
Furchgott). Snaha identifikovat EDRF vedla bezprostredne k objevu,
ze EDRF = NO

1987 - schopnost eukaryotickych bunek tvorit NO: Louis Ignarro,
Salvador Moncada

1998 - Nobelova cena za fyziologii a 1ékarstvi:

Robert F. Furchgott, Louis J. Ignarro, Ferid Murad

("za kliCové objevy tykajici se NO jako signalni molekuly v
kardiovaskularnim systému")

(Moncada cenu nedostal, prestoze to mnozi Cekali)

(Alfred Nobel vydelal na Nobelovy ceny tim, Ze vynalezl dynamit,
zalozeny na nitroglycerinu, sam trpel ICHS, predepsali mu
nitroglycerin, Nobel to povazoval za ironické)



http://fyziologie.lf2.cuni.cz/hampl/teach_mat/nitricox/moncada.jpg

Robert F Furchgott Louis J Ignarro, Ferid Murad

1916 1941 1936
Dept. of Pharmacology, Dept. of Molecular and Medical Dept. of Integrative Biology
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New York UCLA School of Medicine University of Texas Medical

Los Angeles School, Houston



Furchgottuv sandwich

Furchgott prokazal, Ze relaxace cév indukovana acetylcholinem je zavisla na

endoteliu.
Pouzil dva kousky aorty, u jednoho odstranil epitelium
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Acetylcholine (http://en.wikipedia.org/wiki/Acetylcholine)

Acetylcholine has functions both in the peripheral nervous system (PNS) and in the
central nervous system (CNS) as a neuromodulator.
In the PNS, acetylcholine activates muscles, and 1s a major neurotransmitter in the
autonomic nervous system.
In the CNS, acetylcholine and the associated neurons form a neurotransmitter system,
the cholinergic system, which tends to cause excitatory actions.
In PNS
In the peripheral nervous system, acetylcholine activates muscles, and 1s a major
neurotransmitter in the autonomic nervous system. . When acetylcholine binds to
acetylcholine receptors on skeletal muscle fibers, it opens ligand gated sodium channels
in the cell membrane. Sodium ions then enter the muscle cell, stimulating muscle
contraction. Acetylcholine, while inducing contraction of skeletal muscles, instead
induces decreased contraction in cardiac muscle fibers. This distinction is attributed to
differences in receptor structure between skeletal and cardiac fibers.



http://en.wikipedia.org/wiki/Peripheral_nervous_system
http://en.wikipedia.org/wiki/Peripheral_nervous_system
http://en.wikipedia.org/wiki/Acetylcholine_receptor
http://en.wikipedia.org/wiki/Skeletal_muscle
http://en.wikipedia.org/wiki/Cardiac_muscle

Ignarrova spektralni analyza
Ignarro pomoci spektralni analyzy prokazal, ze EDRF je totozny s NO.

Hemoglobin (zluty) exponovany
endotelialnim bunkdm produkujicim
EDRF

(konverze oxyhemoglobinu na
methemoglobin)

400 425 450

Hemoglobin (zluty) exponovany pfimo
NO

Posun v absorb¢ni ktivce je identicky
(EDRF =NO)

400 425 450



Muradova enzymaticka aktivace
Murad véd€l, Ze nitroglycerin pusobi relaxacit hladké svaloviny.
Enzym guanylat cyklasa byla aktivovana a indukovala zvySeni cGMP s
naslednou relaxaci svalu.
Pusobi nitroglycerin cestou uvolnovani NO ??7?
Probublaval NO pres tkan obsahujici enzym — cGMP se zvySoval.

Phosphate cGMP

IJ/ » Myosin

(relaxation)

Guanylyl cyclase (GC) activated GC



NO avidly binds to the heme moiety of hemoglobin (in red blood
cells) and the heme moiety of the enzyme guanylyl cyclase

This enzyme catalyzes the dephosphorylation of GTP to ¢GMP, which
serves as a second messenger for many important cellular functions,
particularly for signalling smooth muscle relaxation.

Cyclic GMP induces smooth muscle relaxation by multiple
mechanisms including increased intracellular cGMP, which inhibits
calcium entry into the cell, and decreases intracellular calcium
concentrations (click here for details) activates K+ channels, which
leads to hyperpolarization and relaxation stimulates a cGMP-
dependent protein kinase that activates myosin light chain
phosphatase, the enzyme that dephosphorylates myosin light chains,
which leads to smooth muscle relaxation.



http://www.cvphysiology.com/Blood Pressure/BP026.htm
http://www.cvphysiology.com/Blood Pressure/BP026.htm
http://www.cvphysiology.com/Blood Pressure/BP026.htm

Néco malo chemie o NO

* NO je radikal (lichy pocCet valencnich elektronu, konkrétné 11 - o 1
vic nez N,, o 1 min nez O,)

* to, Ze je to radikal, se nékdy zduraznuje teCkou (‘NO), to ale neni
nutné, "radikdlovost" je implicitni v oznaceni NO

*zN, a O, se tvoii jen za specifickych podminek pfi vysokych
teplotach, napt. pi1 blesku;
taky vznika ve spalovacich motorech a tepelnych elektrarnach

« samovoln¢ se nerozklada, jen za vysSiho tlaku - pfi ném pozvolna
vznika 2-3 % toxického NO, za mésic (pozor na skladovani v

bombach!)
e pomérné malo rozpustny ve vodé (~1.7 mmol/l pti 25°C), t.J. fadove
podobn¢ jako O, €1 N,



* v pfitomnosti kysliku podleha autooxidaci za vzniku NO,: 2 NO +
O, -->2 NO,

» autooxidace je asi 200x rychlejsi v roztoku nez v plynné fazi

» autooxidace je rychla (n€kolik sec), je-11 NO 1 O, hodné, ale celkem
pomala, je-11 NO malo - jako je tomu vétSinou v tkanich, kde je
NO mén¢ nez 10 uM (polocas NO tam miize byt az 500 sec)

e ve vodném roztoku jsou produktem autooxidace nitrity (NO,),
pouze v pritomnosti hemoproteinu probéhne oxidace az na nitraty
(NO;)

e v pfitomnosti superoxidu vznika extrémné rychle peroxynitrit:
NO + O, -->-O0ONO
"OONO neni radikal, ale je velmi reaktivni a cytotoxicky

* NO je velmi rychle inaktivovan oxidaci s Zelezem
oxyhemoglobinu za vzniku NO;-



V savcich bunkach je NO tvoren oxidaci terminalniho guanidino
dusiku L-argininu molekularnim kyslikem; kromé& NO vznika L-
citrulin
L-arg + O, --> NO + L-cit
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L-Citrullins

Celou komplexni reakci katalyzuje jediny enzym, NO syntéaza, ktera
existuje ve 3 1soformach



Nitric oxide

L-Arginine + O2 + NADPH

Nitric Oxide Thiol, FAD, FMN,THDB
Synthase

Citrulline + NO + NADP

l

Guanylate cyclase




Syntasy oxidu dusnateho

o neuronalni syntasa oxidu dusnat¢ho (NOS1 = nNOS)

o inducibilni syntasa oxidu dusnaté¢ho (NOS2 = iNOS)

o endothelialni syntasa oxidu dusnatého (NOS3 = eNOS)

Kazda z téchto syntas:
o ma rozdilnou tkanovou distribuci
o lokalizovana na riznych chromozomech



VSechny 3 1soformy NO syntazy:

jsou aktivni jako homodimery
obsahuji v aktivnim centru hem

jsou stereospecificke

(D-arginin neni substratem) _— = Nmpﬂ
jako kofaktory vyzaduyi: NO + Citrulline S

NADPH, 6(R)-5,6,7,8-tetrahydrobiopterin, FAD, FMN a
kalmodulin (ten se k NOS typu I a III vaze po navazani Ca na
kalmodulin, NOS II vaze kalmodulin trvale)



UCINKY NO NA CiLOVOU TKAN

* pri velkych mnozstvich obvykle prevlada oxidace (O,, O,") za
tvorby vysoce reaktivnich, cytotoxickych produktt (ONOOQO)
- zabijeni i jinak obtizné zlikvidovatelnych baktérii (napf.
Mycobacterium tuberculosis), hub, parasitu a tumoru,
inhibice replikace viru

* v nizSich koncentracich je oxidace pomala, vétsinou previada
regulacni pusobeni prostfednictvim aktivace solubilni
iIsoformy enzymu guanylat cyklazy (heterodimer obsahuijici
hem, s kterym prave NO interaguje)

* aktivace guanylat cyklazy zvysuje v cilové bunce koncentraci
cyklického guanosin-3',5'-monofosfatu (cGMP), ten
zprostredkuje ucinky NO



cGMP:

- snizuje intracelularni koncentraci Ca**, v hladkém svalu piimo
inhibuje kontraktilni aparat

- cGMP je naktivovan cGMP- fosfodiesterazami na 5'-GMP
(selektivnim inhibitorem PDE V je tfeba zaprinast - slibn¢ pokusy s
klinickym vyuzitim; taky Viagra)



FYZIOLOGIE NO

e Neurotransmitter
- uceni, pamét’, spanek, bolest, deprese

 Zabiji viry, baktérie, parazity, tumory (iNOS; indukci imnhibuyi
kortokosteroidy)

* Inhibuje mitochondrialni respiraci

» Vazodilatace zavisla na endotelu (ACh, eNOS)

* Nejvic NO se déla v nose a paranasalnich dutinach
- Pravdépodobné dilezite pro jejich dezinfekci
- NO Ize dobfe méfit ve vydechovaném vzduchu
- Mala cast vydechovaného NO pochazi z dolnich dychacich cest
(1ze méfit odebiranim vzorku z Gst) - méni se pi1 nékterych
nemocech, napf. astma)



Priklad: koncentrace NO ve vydechovaném vzduchu zdravych lidi.
Hodnoty jsou nejvySsi pri odebirani vzorkt z nosu a podstatné nizsi v
ustech a distaln¢jSich usecich dychacich cest. V periferni prudusce je
koncentrace NO pod detek¢nim limitem vysoce citlivé
chemiluminiscencni metody (Chest 110: 930-938; 1996).
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http://www4.ncbi.nlm.nih.gov/htbin-post/Entrez/query?db=m&form=6&uid=97028234&Dopt=b

NO Detection by Gas Phase
Chemiluminescence

Detection Principle:

NO is purged from an aqueous solution using an
innert gas such as Ar or He and transferred to a
mixing chamber where it reacts with O, under
reduced pressure.

N0+03 _>N02*+02
NOZ* — N02+ h'U

The light emitted by excited NO, upon returning to the
ground state is measured by photon counting (fmol-pmol).
Not very useful when attempting to quantify NO in
physiological fluids such as serum, plasma or urine. Why?



Chemiluminiscen¢ni prima metoda

«—— Qzone

Chemiluminescence
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NO + 0, — NO, + O, + light
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NO sensitizuje presynapticky neuron k siln€jSimu signalu.
To nasledné vede k s1ln€jSi odpoveédi postsynaptickeho
neuronu.



Fyziologicky vyznam NO

mi bunkami v mozku

Komunikace mezi nervo

O muzZe zlepSovat ¢ich

NO iniciyje erekci penisu
roztazenim krevnich cév 7
(viagra—brani Stépeni cGMP)



FARMAKOLOGIE NO
* Donory NO (nitroglycerin, nitroprusid, NOaty)

e Inhibitory NOS (L-NMMA, L-NAME, aminoguadinin,
asymetricky dimethylarginin)

» Aktivatory eNOS (endotel-dependentni vazodilatancia)

 Inhibitory fosfodiesterazy (Zaprinast, Viagra
[sildenafil],...)



Detekce NO

- cell-permeabilni fluorescencni indikatory (4,5- diaminofluorescein
diacetate (DAF-2 DA)

- celkova koncentrace nitrati/nitrit
- aplikace NO donori compounds, NO scavengeru, a guanylyl cyklasy

- NOS aktivita v bunécnych homogenatech méfenim enzymatické
konverze argininu na citrulin béhem tvorby NO

- inhibitory NOS (L-NAME)

- aplikace protilatek k isoformam NOS (imunocytochemie,
imunoblotting)

- exprese genu pro iINOS



Bioimaging of Nitric Oxide Using
Diaminofluoresceine-2 (DAF-2)

AcO OAc

fluorescent,

non-fluorescent, Ex 495 nm, Em 515 nm 4

cell-permeable

Advantages: Sensitivity for NO (5 nM in vitro) with high temporal and spatial
resolution.
No cross-reactivity to NO,-/NO,- and ONOO-
Kojima et al., Biol.Pharm. Bull. (1997)

Assay limitations: Possible interference by reducing agents and divalent
cations, requires standardized illumination conditions
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Schéma experimentu: A - referenéna elektréda B - pracovna elektroda C — pomocna elektroda
1. RAW 264.7 vysadime na kultivaénu misku

a kultivujeme v DMEM médiu v inkubatore pri

5% CO2 a 37°C.
2. Pocet buniek stanovujeme pomocou Coulter -'E"- B C
Countru (Coulter®, Coulter Electronics LTD,
England)
3. Bunky o koncentracii 1x108/800 pl inkubujeme
60 min. v 800yl MEM média. = -
4. Nasledne do skumaviek s adherovanymi
bunkami aplikujeme lipopolysacharid (LPS) —
5ng/ml.
5. Mikroskimavku umiestnime do merace;j
komorky a snazime sa umiestnit’ elektrodu na
dno, tesne az k povrchu buniek.
Zapojime elektrédu a spustime meranie.
Po ukonéeni pokusu a odpojeni elektrody
odpipetujeme médium.
8. V médiu nasledne pomocou Griessovej metddy
spektrofotometricky stanovujeme koncentraciu

nitritov (NO,-), ktoré su jednym z koncovych ooy, | o
-\-H\"-\_ _I-'-'_.

metabolitov NO.
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MEM (NaHCO, , stale pH)




Hrbac J, Gregor C, Machova M, Kralova J, Bystron T, Ciz M, Lojek A. (2007) Nitric oxide
sensor based on carbon fiber covered with nickel porphyrin layer deposited using optimized
electropolymerization procedure. Bioelectrochemistry. Sep 27; [Epub ahead of print]
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Fig. 2. Cathon fiber sensor’s performance at nanomolar NO concentrations
(CPA at 830 mV (vs. Ag/AgCl)). Eight additons of NO mto aerated PBS, each
resulting in 4 nhd N0 concentration, followed by response for 20 nM NO are
shown. After pretreatment the electrode was coated with poly-NiTMHPPE,
electropolvmerized from 0.4 mM NiTMHPP by 100 cyveles from 0 to 1200 mV

(vs. Ap/ApCl), scan rate 100 mVis).



NO elektroda




14.2.2007 RAW264.7 + LPS 5ng/ml 28.2.2007 RAW264.7 bez LPS
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