\u.a-: i ‘-
x " L * % ."
: ;| L] jir .
evropsky SN | |
SOCEIn , [ STE] B O VrdElsusni
[ fondv CR EVROPSKA UNIE - j pro konkurencescho post

INVESTICE DO ROZVOJE VZDELAVANI

Metody stanoveni antioxidacni
aktivity

Obecné metody hodnoceni antioxidacni aktivity a
antioxida¢niho stavu biologickych systému,
stanoveni biomarkeru oxidaéniho stresu

] PharmDr. Jan Vanco, Ph.D.
Ustav chemickych lé¢iv, FaF VFU Brno



Metody hodnoceni celkoveé antioxidacni kapacity

OXIDATIVE
STRESS

* maji vyuziti pfi nespecifickém popisu
stavu antioxidaCnich ochrannych
systému

* jsou vyuzitelné jak pro Ciste latky, tak
pro smeési a biologické vzorky, napf.
plasma

* pro lokalizaci oxidacniho stresu v

organismu Je mozne vyuzit Rrime | INDEX OF OXIDATION
neprime metody detekce volnych

radikall

PR G R e

DETECTOR



Primé metody lokalizace oxidacniho stresu v organismu

* nejperspektivnejSim se ukazuje vyuziti neinvazivni techniky 3D-ESR (EPRI)
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FIG. 1. Molecular structures and ESR spectra of TEMPO-DX and
TEMPOL. (A) N-(1-oxyl-2,2 6 B-tetramethyil-4-piperdinyljacetami-
dyl-dextran (TEMPO-0X]; (8) ESA spectrum of an 2% agueous
solution of [A) (B) 4-hydroxy-2.2.6,6 -tetramethwpiparidinylomxy
(TEMPOL); (b) ESR spectrum af a 1 ® 107 M aqueous solution of
iB).




Primé metody lokalizace oxidacniho stresu v organismu

* interpretace vysledkd méreni

+ 3.1 mn + 2.3 mm + 1.5m —
lecm

FIG. 3. 30 in vivo image of the kidney.
Each frame reflects part of the 3D ESR
tomogram of a 0.77-mm slice of the
kidney region. The center of the loop-

+ 0.7 mn - 0.7 m gap resonator Is marked at 0 mm; the
other frames are marked at the dis-
tance (in mm) from the center along the
y-direction of the resonator as shown
in the illustration.
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metody lokalizace oxidacniho stresu v organismu
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Priklady vyuziti EPRI — detekce RONS pfi ischemicko-
reperfusnim poskozeni tkané

o
Plate 1. Three-dimensional image of rat heart infused with glucose char suspension. (A) Full view of the heart; (B) a
longitudinal cutout showing the internal structure of the heart; photograph of an solated perfused rat heart is shown on the
left. Legends: C, cannula; Ao, aortic root; PA, pulmonary artery; LM, left main coronary artery; LAD, left anterior descending
artery; LV, left ventricular cavity. The void seen in the LV cavity is due to the inflated balloon. Image acquisition parameters;
projections, 1024; magnetic field gradient, 50.0 G/cm; acquisition time, 78 min. [Reprinted from Kuppusamy P, Wang P, Zweier

JL. Three dimensional spatial EPR imaging of the rat heart. Magn Resan. Med. Copyright @ 1995 John Wiley and Sons, Ltd. This
material is used by permission of John Wiley & Sons, Inc.J*°




Priklady vyuZziti EPRI — pruchod znaCeného |éCiva kuzi
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Fig. 6. Image of the time course of spatial distribution of the nitroxide as
a function of skin depth. This image was obtained from the spatial profiles.
Two bands in the distribution of the label along the skin-depth are seen. The
tirst band appears in the outer 400 pum of the skin, the epidermis region,
whereas the second band is centered at a depth of 1000 pm in the subcuta-
neous region with a thickness about 400 pm. These two bands decay and
merge in to a single band with time.



Priklady vyuziti EPRI — neinvazivni oximetrie v organech
metoda MRI-EPRI co-imaging
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Neprimeé metody hodnoceni celkové antioxidacni aktivity

Table 11.1 Methods of measuring free radical scavenging antioxidant activity

Oxidatuve stress Oxidation index Measurement

Reference

Tissue autoxidation (brain)  Lipid peroxidation TBARS

Peroxyl radicals (ABAP) Lipid peroxidation Oxygen consumption
Peroxyl radicals (ABAP) Luminol Luminescence
Peroxyl radicals (AMVN) Luminol Luminescence
H>O»/peroxidase p-Phenylenediamine  Absorbance 430 nm
Peroxyl radicals (AAPH) 3-Phycoerythrin Fluorescence 565 nm
Cu**/H,0; Lipid peroxidation =~ TBARS

Cu®" /hydroperoxide cis-Parinaric acid Fluorescence 413 nm
H.Oi/peroxidase/enhancer  Luminol Luminescence
Peroxyl radicals (AAPH) 3-Phvcoerythrin Fluorcscence 565 nm
Ferryl myoglobin ABTS Absorbance 734 nm
Fe't Festripvridyltriazine  Absorbance at 393 nm

Stocks er al., 1974
Wayner et al., 1987
Metsi-Keteld, 1991
Metsii-Keteld and
Kirkkola, 1992
Nakamura et al., 1987
DecLange, 1989
Arshad et al., 1991
McKenna ef af., 1991
Whitehead et «f., 1992
Cao ef al., 1993
Miller ¢t al., 1993
Benzie and Strain, 1996

ABTS = 2 2-azinobis-(3-cthylbenzothiazeline-6-sulphonate)
AAPH = 2,2 -azobis{2-amidinopropane) dihvdrochloride
ABAP - 2,2'-azobis(2-amidopropane) hydrochloride
AMVN = 2,2"-azobis(2,4-dimethylvaleronitrile)

TBARS = thiobarbituric acid reactivc substances

DOTA = 34-dihvdroxyphcnylalanine

AMVN — 2.2'-azobis(2,4-dimethylvaleronitrile).



Neprimeé metody hodnoceni celkové antioxidacni aktivity

kyselina a-parinarova
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metody hodnoceni celkove antioxidacni aktivity
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Fii. 1. Structure of the product from the reaction of lipid peroxid O o — Tl
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Fi. 2. Excitation and emission spectra of the product frem the reaction of lipid perox-
ides with THA. Dotted Line: excitation spectrum (monitored at 565 om); solid line: emission
spectrum (cxeited at 515 nm}.
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Figure 11.6  The formation of the ABTS*' radical cation. The reaction of metmyo-
globin wilh hydrogen peroxide forms the lerrylmyoglobin radical. This radical
abstracts an electron from ABTS Lo lform the blue-green ARTS"  rudical cation.
The characieristic absorption of the radical cution can he inhibited by antioxidants
and other reductonts, -
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Neprimeé metody hodnoceni celkové antioxidacni aktivity

Metoda zhaseni ABTS — principy, pouziti

1.1
ABTS a L-ASC (5.0 nmoles) e
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Zhodnoceni vysledku — pro vétSi skupinu latek je mozné srovnavat %poklesu absorbance pfi
stejné koncentraci, srovnani smérnic pfimky, propocet na ekvivalent standardniho

antioxidantu



Neprimeé metody hodnoceni celkové antioxidacni aktivity

Metoda zhaseni ABTS — screening antioxidacnich schopnosti smeési (on-line)

Thermostat 1 Thermostat 2
detector 1 : detector 2
HPLC column reaction loop
ﬁ- 230 nm Tool 734 nm |L|
-piece A I
Pump 1 ‘ 7 N i I~
acelanirile ﬁ T | A —.|; i '_ —
+iormic acid |IrI d
J:n-"_.__—.c"

- vyhody — RP-HPLC analyza vhodna pro identifikaci slozek smeési
- post-kolonovou derivatizaci je umoznéna on-line identifikace aktivnich latek

Zhodnoceni vysledku — antioxidacni profil smési a konkrétniho antioxidantu ve smési, propocet
na ekvivalent standardniho antioxidantu (kyseliny gallové)

Ref.: Pazourek J., Vaclavik J., Zemli¢ka M. Food Chem. 125, 785-790 (2011).



Neprimeé metody hodnoceni celkové antioxidacni aktivity

TRAP assay — Total peroxide radical-trapping antioxidant parameter

* jedna z nejCastéji pouzivanych metod

* jako zdroje volnych peroxylovych radikalt se pouzivaji AAPH, ABAP, AMVN, které
se samovolné rozkladaji za vzniku radikalu

* jako substrat se nejCastéji pouziva kyselina linoleova, jako kalibrant Trolox

» vyhodnocuje se Cas potfebny na dosazeni maximalni spotreby kysliku v roztoku
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Neprimeé metody hodnoceni celkové antioxidacni aktivity

ECL assay — Enhanced chemiluminiscence method

 chemiluminiscence je kontinualné produkovana v systemu HRP-H,O,-luminol

* [atky schopné zhasSet radikaly zpusobi pokles nebo uplné vymizeni luminiscence na
Cas, ktery je zavisly na jejich antioxidacni aktivité

1  Trolox BRI serum
A 20ul of 80uM B 20l 1:10 dilution
z| T
= P g P
2 Z
Z =
- g - T-serum - o
- e
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Dalsi metody hodnoceni celkove antioxidacni aktivity

FRAP assay

* je zaloZzena na méreni schopnosti testovanych latek poskytovat elektrony a
redukovat Cinidlo (zelezity komplex tripyridyltriazinu) na intenzivhé modre zbarveny
zeleznaty komplex (abs. maximum pfi 593 nm)

OPD assay

» Cinidlo, o-fenylendiamin je substratem peroxidas a jejich pusobenim se méni na
barevnou radikalovou formu (obdoba semichinonu), ktery vykazuje absorpci pri 430
nm

Plasma peroxidation potential assay
* je zalozena na sledovani produkce TBARS po pridani systému generujiciho
hydroxylovy radikal Fentonovou reakci ke vzorku plasmy



Dalsi metody hodnoceni celkove antioxidacni aktivity

Metoda zhaseni DPPH - princip, pouziti

DPPH - +RXH — DPPHH + RX: (1)
4l Q Q
. . . it DPPH - +RXH — DPPH ™ + RXH.
— ] MO 4+ R ——= h—" HT,
£21.2- @ @ — DPPHH + RX. (2)
= - Ciqh Tz
~1.0-
-f% T - spektrofotometricka metoda (520 nm)
Z0.8- / - velice vyhodna pro rychly screening
£ 1 - u€inné latky obvykle obsahuiji lehko
goﬁ - abstrahovatelny vodik
o ]
) 04 _ P o Vv s
< Zhodnoceni vysledku — pro vetsi
0.2 - skupinu latek mozné srovnat %poklesu
] absorbance pfi stejné koncentraci,
0.0 : : - srovnani kinetickych parametru, propocet

300 350 400 450 500 550 600 630 ng ekvivalent standardniho
Wavelength (nm) antioxidantu (L-ASC)



Dalsi metody hodnoceni celkove antioxidacni aktivity

Neinvazivni metoda analyzy plynu ve vydechovaném vzduchu

* je zaloZena na méreni koncentrace alkanu a alkenu, vznikajicich zejména
degradaci lipidu pomoci GC-MS, metoda je vyuZitelna i pro perfundované izolované
organy

5% 10%
H,S0, KOH

OXYGEN
RESERVOIR
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Neinvazivni metoda analyzy plynt nad perfundovanym organem

Collection Chamber

Effluent Perfusate
PR Sampling Syringe
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Neprimé metody specifického hodnoceni antioxidacni aktivity

Hydroxylovy radikal

Table 5.3. Sowme merhods for dewection of hvdroxyl duah

Merthod

Urinciple of miethod

{_onrneils

Hydroxylstion of terephthalic acid

Bleaching of p-itrosodimethvlanime

(PNDIA)

Conversion of methional
(CHNSCHSCH-CHO! and
related compounds (methicmne
or -keto-d-methyvlthiobuanoie
scid, CHASCHCHOCOCOOH)
wirn ethylene sas (HAC=CH]

1ryplophan mechod

Connmarnn fluorescence

Mov-Ouorescenr: hvdrosvlated ‘f‘«x ("II
tor fluorescent p[-:!dut. :

PINIDA reacts rapidiv with OH® but
not with 57 or singler O Tleaction
is accompanied by bleaching of the
vellow colour [ [ Biochen 93,
H21 (19,

Measurement of sthylene by GO

Reaction of {JlI with rrvprovhan
produces a characteristiic set of
products (Bl Cur Physiopath,

Resp. 17,31 (19819,

Covmarin-3-carbonvlic acid (CCA)
hvdroxylted ot position 7 o @
Trorescent prodact.

Has not been widely u'uu:L i1 b].{_‘lllﬂs.‘lx al
systernns (Life Sei. 56, PLBF {1993]).

PNTIA s bleached non-specifically by mam
biodogical svsterns; contirmuatory cvidence
lar rale of OH®* required.

Nor specific for OH" oxidized by ROS,
decomposing ONOO T and some
perosdise enzvines; contirmatory
foor rale of OH® requived.

evidence

Tryvprophan also reacts with singlet O3 but
the products are different (Chapter 2). :

CCA has been covalently linked to w
bicmalecules and tuorescence changes
to measure OH® generaton in their vic
(nt. J. Rad. Biol. 63, 445 (1993)). For
eeample, QI® generation by copper 1ons

bond to DINA could not be decreased by
ni;lnrfr DVISO, methanol or ethanol but
could he | v histidine (which chelares
Coppert, This is typical of a ‘site-specific’
reaction (Fig, 3.7) (Free Rad. Biol. Med. 18,
st :ic*lﬁ"_h]j
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Hydroxylovy radikal

Conversion of caffeine to
R-oxocatfeine

0 H,
M gt N7 1,e
.-f: i Ch L
BN 0
CTL,
Caiseine S maleine

Dimethvisulphoxude (12MS0)
method

HL‘IJ:'J’{_:IH | ﬂ LIG RS A T

Spin trapping/HILC

Cafleme s hydroxylated ar position 8,
product avalysed by TIPLC with
electrachemical detecnion.

Ul
M =)

gL
i,

Antarmmeiheling, agich

CH® rudiculs react with TISO),
generating, arwong other products,
methane gas, measured by ms-liguid
chromatography { Bivcberinsiry 20,

G0 (195170 or [omualdehyde,
meastieed colorimetrically.
(CHRSC OH® = CHSO-H 4 *CH.

U — O = CHO0
YCH00* = HCHO 4 CELOT | 4 O
*CH,+R-H =1L - R*

Teacdon of benvow acid wich OH®
grves 3- and F-hydroxvbenzoates,
which are fluomescent at H07 mm
when excited at 303 mm.

A combinarion of the principles of Spin
rapping aud aromatc hvdrosylaton;
HPLC is used ro separate radical
adducts of 3 spin frap, such as IMIPOL

Analogous o analysis of B-OH-deoxyyua
asine in DNA, Fomnaton of R-oxocaffei
frore endowenous catteine has been used
measure frec-radical generation dunng
roasting and brewing of cotfee (] Agr.

Food. Chear. 43, 1332 (1993)).

Mat specitic for OH®, c.g oxidized by
decamposing ONCH . Confirmatory
evidence for rale of QI required.
Babbs et al. (ke Rad, Biol. Med. 6, 493
[T9R9Y) hove suggeseed that oxidation of
1RO 1o CLLSO-H, methane-
sulphinic acid (messured colotimetrically
or by HIPLOD 15 2 means of detecting
OLI" i pfes. Another approach 15 to trap
the CHY radieals (Aol Chemn., 69, 4205
(19973,

sensitive method (Biccfenr. J. 243, U9
(1987 confirmarory evidence for role
of COH" reguired

Electrochemical dereevion can allow high
sensitivity (v Asal. Blochesn. 196, 111
(1991,
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Hydroxylovy radikal
_ . n.c CHi—CH,
«detekce spin-trapoveho produktu ™| \ OH"*
. . G—-hH :
reakce DMPO (5,5-dimethylpyrrolin- ﬁ/cxﬁ 7 radical |
N-oxid) pomoci ESR o ([}_ 20 Gauss
*vyhodnoceni — kvalitativni nebo DMPO
kvantitativni na zaklade intenzity we SHi— CHa
. p s
signalu \é 15 M
vhodné jako relativni metoda 03 radical ae” N7 Non
i ol
s 0" DMPO-OH
S
-
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Prime a neprimé metody hodnoceni antioxidacni aktivity

Oxid dusnaty

Table >.4. Some methods for detectnion of nitric oxide

Moethods

Principle of method

A Dhrect methods

Light emission

NOY elecrrodes

aemoglobin trapping

Conmnanents

Reacrion ot WO* with O3 produces light, via
excired-state nizogen dioxade
MNO O = NO: — NOs +iy

oo d)

Scveral tvpes. In porphyrinic sensors N(O*
Liods o a NI T =paorphyrin adsorbed on o
antanode and s oxidized elecorochemcally:

NiiP) +NO® = NilPINO = Nif)NO ™ —¢”

Electron slow is proporuonal to [INC®|
Another method s aduplacon of che Clark

1.

Oz electrade, i wlineh O diffuses through
a membrane and i reduced. NO® can be
detected by changing the relative potentials

ol the silver and platinum elecorodes.

NO® reacts with oxyvaaemoglobin, eventually

converang it to methaemoglobin, and the
AA is measured.

Highly sensuive (nM range). Measures only

cas-phase NO®. Potental interterence by
other hight-comtting systems. NO® st be
displaced from cthe biological material into
the gas phase tor analysis, oo by Qushing
with N, somertimes the manster is not
quantative.

Usead o studv NO® exhalation oy humans.

and demonstate elevared levels o asthma
Clone R, 233 (1996, ~ 100 sensitiviry,
[Fasy toouse, but several reports of chemical
mrerterence with the elecorades. Clark
prul‘u_‘ s oslower to TOSDONIC T :'].'.'._1I1:.:_3‘_L‘5

i NO® than the porphyrinic probes and
less sensitive. Insertion of’a porphyrinie
probe o a hand vein has been used

wo detect NOW (n e (Lancel 346,

153 {1993)).

Sensitivity: ~uM. Simple w perform.

Interference can occur with other redox
agents. ONOOT leads to the same oxidation;
NO2  (much more slowly) oxidizes
oxyhacmoglobin to methaemoglobin.

~ Myoglobin can




Oxid dusnaty

ESR spin-trapping

Various traps are available, mcluding

e hacrmoglobin (ESR changes an aleemative
to A4 measurement)

e other hacm proteins (Fe b ostate)

@ T¢” —dithiocarbarmates

o Fo' —lenulplm,h

NQO* is a good ligand 1o Fe? ! ioms and the

nirrosyl :nml_&l-:M’rs produced have

characteristic ESIL spectra (e, HDNO,

NoFe[12TCla, Fe|S20:][N ('.l']wl

° |‘L':‘-t}ul_li_'lc0tldt reductase {removal of the
tyrosvl radical al the active site by NO*
abolishes the FSR signal). Depends on
wvalability of cnzyme, thus not widely
used.

Atterupts o use DBNBS and DMPO o0
trap NO* have given equivocal results.
Muore suceess has beenn obrained waith
nitronylaitexides, a group of organie
compounds containing both nitrone
and nitroxide groups, Nitronylmuroside

reacts with WO to give an nnino nirroxide,

dececrable by FSR (Fig. 5.9) since it has

a very different SR spectrumn. NNO)

has also been vsed to antagonize the action
af NO® 1 biolaeical svstems, Chelotropic
acents such as 7.7.8 B-temra-moethyl-
s-quinodimethane, have also been used

to deteer NO®. They bind NO* o
renerate a mtroxide radical, detectable by

ESIU ([ Am. Chan, Soc. 116, 2767 (1994)).

Neprimé metody specifického hodnoceni antioxidacni aktivity

mtro't‘;.zlhﬂ.emnglﬂbm in blood :md tissues is
often used as an index of NO* prmhlc Lo,
e.g. 1 ischa: *1111f1—1e:pL rlusion ot organs ;md
in animals with septic shock. lujecred Fe T
dithiacarbamates have alse been used to
detect NO® i animals with sepric shock
(’LBS Lert. 345, 120 (1994)). Niurothiolate
ligand sigmals, probably i11~.'elving non-hacm
m:r—nulph ir proteins have been detected
by ESR NO®- xposed cells and

tissues.

Reduction of nicroxides to LSR silent species

by ascorbare and GSIL (Fig. 3.3) can be a
problem i biological systems, Superoxide
might also reduce some of these species.
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Oxid dusnaty

Table 5.4. (Conrinued)

Methads Principle of method

Comments

B. Indirect methods

- " Griess reaction: NQO); reacos with
SR edemen: sulphandamide i an acdic solution of
N-(l-naphthvl)ethvlenediamine to give a
coloured azo product (AA at 5348 nm)
Fluorimetry: reaction of NO;  with
2, 3-diaminonaphthalene forms a fluorescent
product, 1 H-naphthotriazole.

B e ient of other Based on formation of more reactive species
oxidation producrs on the pathway from Nl.}'_ to NQ, in

presence of (3. Thus oxidizing NO*
oxidizes ferrocvamde to ferneyamde
(A ar 4201m) and the coloutless dve ABTS
to the coloured ABTS " (AA4 ar 660 nm).
Nitrosation of sulphanilamide generates a
coloured azo dye.

Sensitivity: WM. Easy assavs. NOa2™ in vive 15
rapidly oxidized to NO; |, which appears
to be stable in body fluids. NQ3™ can be
re-reduced for the assay using nitrate
reductase enzyimes or chemical reducing
agents, NO5 /NOJ can also come from
diet.”’ Thus in one human study basal plasma
NOy was 292 1 uM and rose to 205 pM
2 h after intake of NOy -rich foad. NO3 in
diet can be reduced to NO2™ in the gur. In
saliva, NO, 15 converted to NO, by oral
bactenia. The runges of NO3 and NO1 in
plasma samples are quoted as 1.3-13pM
and 4.0-45.3 uM in healthy people
(Clin. Chem. 41, 892 (1995)). Inhaled NO®
1s largely converted to NO5 in humans.

All simple spectrophotometric methods.
Potential interference from other BINS,

e, ONOO™ or mhaled NO-»*,
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Oxid dusnaty

Use of NOS inhibitors Can be “general” inhibitors of all NOS Subject to suitable controls, can provide
oforms or selective for a particular type. evidence that NO® (or species derived from if)
The former are generally analogues of are myvolved. However, NO® can anse by
the NOS subserate L-arginine, such as reactions not nvolving MOS, c.g,
N-monomethyl-L-arginine (L-NAMMA) decomposition ol NO5 by acid in the
or N-nitro-L-arginine methyl ester stomach.

{1-NAME). Lssendal conerols includy
showing that D-isomers do not inhibic

anid thar inhibition 15 reversed by adding
excess L-arginine. More selective indibivors
meclude Noiminocthyl L ornichine (eNCOS],
aminoguamidine GNOS) and Y-nitro-
indazole (nNOYS)

Adapted from Table 1 on p. 278 of Asalysis of Lree Radical Rearrdons i Brological Spsems (Favier o al., eds), Birkhmmer-Verlis, Basle, 1995 by
couttesy of Dr M. Fontecave and the publishers. Also see Merhods huzpmol. 268 (19%6).
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Superoxid, metody stanoveni SOD-aktivity
« zdroje: chemické — KO,, N(Bu),O,, crown étery, UV-fotolyza ethanolickych roztoku,
elektrochemicka produkce, autooxidace flavint, epinefrinu, pyrogalolu a NADH
oxidace fenazin methosulfatem, biologické — aktivované neutrofily
* detekCni systémy
* pfimé — pulsni radiolysa, rapid-freeze EPR, stoped flow-spectroscopy,
polarografickeé techniky, 1°F-NMR, cyklicka voltametrie
» nepfimé — redukce cytochromu c, redukce tetrazoliovych barviv, redukce
nitromethanu, spektralni analyza produktt autooxidace epinefrinu, pyrogalolu, 6-
hydroxydopaminu, chemiluminiscence luminolu, tvorba nitrit z chloridu
hydroxylamonia
* biologické — geneticky modifikované kmeny Salmonela sp., nebo Escherichia

Sp.
/ _ 7
=N _ 7 / , N= 201 T | ™ ;
N —l:'f \ \ _[\\ + H:U = Nﬁwﬁ\‘
] NN, C =N SO, Na™
ﬂ”\-\ {_1130 OCH, f::-’::\[ CH,OH :
) b/
2 N _
Q;N'M J\N{J, | Q

(A) NBT (B) WST-1

Fig. 1. Chemical structure of NBT (A) and WST-1 (B).
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Superoxid, metody stanoveni SOD-aktivity

xanthine
) C X NBT- diformazan
H>Oo 202
+ uric acid
SOD
* 0, U' 5':]:. = H-,
Y ]
02 + HO; '-\x- /,-’ L - —Compound tested = potential inhibitor 7

b N 2 Loy
CH:O 'I:f 55' 50y EHJ:"Q? a0

— tﬁl r:—ﬁ _ 0 MN-M
F—N—C M—
L e andlk
=

formazan XTT
[absorkance at 470 nm )

Fig. 3. Ip vitre SO0 assay
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Superoxid, metody stanoveni SOD-aktivity
NO,

NO,
N\Nj /\\/ +e (0y) N_ j /\\/
| — |
I I

2-(4-j6dfenyl)-3-(4-nitrofenyl)-5-fenyltetrazd1-2-ium

INT" INTe

+e, H"

O~

formazan

NO,
Pl
=N

L
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Peroxynitrit

» zdroje: chemické — system okyseleny peroxid vodiku+NaNO,+ rychla uprava pH
pfidavkem NaOH a odstranéni nadbytku H,O, pomoci MnO,, Angeliho sul
I;:l:-l'-.l_l'.-:l:. *3Ma H}JEO‘%_ LN NO:_

%
o,

o NO /HNO + O, — ONOO /ONOOH
* detekCni systémy
*nepfimé — nitrace/hydroxylace cilovych molekul, napf. fenylalalnin, tyrosin,
proteiny, aminokyseliny
* biologické — specifické protilatky vuci nitrovanym proteinim



