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First observations of 2.03 EPR signal in living organisms
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EPR signals of M-DNIC with hydroxyl 1ons (a), citrate (b),
phosphate (c) or cysteine (d). Recordings were made at room
temperature (left side) or at 77K (right side) (Vanin, 1967)
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EPR spectra of 2.03 complexes in rabbit liver or in yeast cells (a,0)
and DNIC with thiol-containing licand< (B-3)
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Qepra Meiopaa Jlync Urrappo PoGept ®opyrorrt

Ferid Murad Louis Ignarro Robert Furchgott

The Nobel Prize in Physiology or Medicine 1998 was awarded jointly to Robert F. Furchgott, Louis J.
Ignarro and Ferid Murad ''for their discoveries concerning nitric oxide as a signalling molecule in
the cardiovascular system"



Biological functions of NO system
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DNIC with thiol-containing ligands as a «working form» of
nitric oxide in living organisms

1.1dentical biological activity of DNIC and endogenous NO
system
2. Including the most part of endogenous NO into M- and B-
DNIC
3. DNICs can function as a NO and NO* donors
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Dinitrosyl Iron Complexes as

a “Working Form" of Nitrie

Oxide in Living Organisms



One-electronic oxidation/reduction of diamagnetic (EPR-
silent)(RS"),Fe**(NO), with d® iron electron configuration leading
to its transformation of paramagnetic (EPR-active) M-DNIC with
d’ or d’ iron electronic configuration

Oxidation (RS"),Fe**(NO), — (RS"),Fe’*(NO,NOY),
ds d’

Reduction (RS"),Fe**(NO), — (RS"),Fe**(NO,NO"),
ds d’



Disproportionation reaction of
NO molecules in gaseous phase

2NO — NO™ + NO

3NO — NO, + N,0

4 NO + 4H,0 <> (2NO* + 20H" + 2H") + (ZNO +2H"+20H")
2HNO, 2HNO
4 NO + 4H,0 < (H,0 + NO + NO,)+ 2H" +(H,0+N,0) +20H"




Oxidative mechanism of DNIC formation in the
reaction of NO + Fe**+ L

[(L),Fe?*(NO),]—[(L),Fe*(NO*)(NO)] + NO + H,O —
—[(L"),Fe?*(NO*)(NO)] + HNO + OH-

Nitrosonium cation hydrolysis leading to DNIC transformation into
MNIC :

[(L),Fe**(NO*)(NO)] + OH" — [(L),Fe**(NO)]+ H* + NO,



Summary EPR spectra of MNIC (S=3/2) and DNIC (S=1/2) with
ATP and phosphate (b and ¢) and EPR specta of DNIC with ATP
and phosphate (a,d) alone. Recordings were made at 77K.




Oxidative mechanism of the formation of paramagnetic M-
DNIC in the solutions containing thiol-containing

compounds
RS, 120 RS /NO RS_ _NO' RS)v _NO*
2+ 2+ .
e = L Fe* + HNO = e +1/2(N,0+ H;0)
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Reductive mechanism of DNIC formation (d° iron electron

configuration) (Ford et al. 2018)

Scheme 1. Proposed General Mechanism for LMW-DNI(

Formation in Aqueaus Media
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High-spin (S=3/2) of Fe(NO): fragment of DNICwith the
d’ electronic configuration of iron and tetrahedral
structure

[Fe* (NO*),}




The low-spin (S=1/2) state of Fe(NO): fragment with d°
and d’ electronic configuration of iron and tetrahedral
spatial structure
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EPR spectra of low spin (S=1/2) DNIC (right side, b-e,
respectively) and high spin (S=3/2) MNIC with non-thiol
ligands (EDTA, phosphate, ascorbate, citrate or water ) (left
side, a-e, respectively)
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Chemical equilibrium between M-DNIC and its
constituents

(RS); Fe'(NO*),&== Fe*'+ NO + RS + NO' + RS
RS-NO

(RS):Fe'(NOY): © Fe** + NO + NO +2RS



Left side — Optical absorption spectra of gaseous NO (specrum 1, four
equidistant bands) and gaseous NO, (spectrum 2, structureless optical
absorption). Right side — Modified Thunberg apparatus
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Panel A: the optical absorption of gaseous NO released from the solution of
B-DNIC-GSH (12 mM, 17 mL, pH 1.0) heated at 80°C for 3, 10 or 60 min
(curves 1-3, respectively).

Panel B: the absorption spectrum of a standard sample of gaseous NO
(200umol in 100 mL of the free volume of the Thunberg apparatus).
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The decomposition of B-DNIC-GSH and their conversion into GS-NO induced by heating of acidified solutions

(data from optical absorption measurements).

Panel A: The optical absorption spectra recorded 2 and 30 min after acidification of the initial 0.4 mM solution of B-

DNIC-GSH (pH 7.4) (curve 1) to pH 1.0 (curves 2 and 3, respectively) and a subsequent 30-s increase in temperature

from ambient to 80C (curve 4). Inset: the weak absorption bands of GS-NO and B-DNIC recorded at 543 and 768 nm
(curves 4 and 1, respectively). Panels B and C: The optical absorption spectra recorded after acidification of a 0.5 mM
solution of B-DNIC-GSH to pH 1.0 (curve 1) and 30-s incubation at 80C (Panel B) or 25-min incubation at 40C (Panel
C) in the presence and in the absence of air (curves 2 and 3, respectively). Panel D: The absorption spectrum of a 9 mM

B-DNIC-GSH acidified to pH 1.0 recorded after a 40-fold dilution with distilled water (curve 1) or a 15-min air
incubation at 80C followed by a 20-fold dilution of the final solution with distilled water (curve 2)
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Absorbance

Time-dependentchange of UV—vis spectra for B-DNIC-mercaptoethanol
in simulated gastric fluid without pepsin (pH 1.2).
(JACS Au 2021, 1, 998—1013 T.-T. Lu et al)
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Accumulation of nitrite or S-nitrosoglutathione (GS-NO) during 100 micromole
DNIC-GSH decomposition in air in aqueous solutioins at pH 7.0 or 1.0 (Hogg et
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B-DNIC decomposition in a result of thiol group protonation in the
solutions at acid condition or in a result of these groups oxidation in the
solutions at neutral pH values.

R gaseous phase
NOL S\ NO'
LN pH 1 2+
e Fe . 2Fe” +2ZNO+2NO” + 2RSH
NO® s° 'NO* - 2(RS-NO™) +2H"
R
s g 2NO; +4H
)r -ﬂﬁ-i’- 2Fe*" +2NO + 2NO’ + 2RSH

+ ~ 2(RS-NO") +2H"
+




M-DNIC synthesis from S-nitrosiothiol,
iron (II) and thiols



BIOMEDICINE OF DNIC



Hypotensive effect of Oxacom (DNIC-GSH) on healthy
volunteers (E.Chazov et al. 2012)
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A J7-yedl-111alC 1alC PallCIlt 11ad a 1011g 1115101y O6 11y PCITCIIS1011 W1t
maximal blood pressure levels of 240/140 mmHg.The patient was put in
intensive care unit and was administrated with 1,5 mg/kg of Oxacom (0.3
micromole/rg of DNIC-GS). After administration of the drug the decrease

in blood pressure to mimnimal levels of 125/80 mmHg. Hypotension
persisted for 8 hrs.
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Gross examination of wounds in animals on post-operative
days4(a, e, i,m),7 (b, f,j,n), 14 (c, g k, 0),21(d, h, 1, p)
(Igrunkova et al, 2022).
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Blocking action of DNIC-GSH on endometrioidal tumor proliferation

in rat organisms with experimental endometriosis (Burgova et
al.,2018)




NO+ rerleasing from M- and B-DNIC under action of
dithiocarbamate derivatives

RS-
protein -S-NO"

NO* RS~ N *
n,-N-c -—» -N-C /Fe*No + NO" —= RS-NO'

mononotro luon complex v
with di S
NO* s- No* R=N-C
\S-NO*

M- and B-DNIC + dithiocarbamate




Nitrosonium cation release from B-DNIC-GSH under action of
water soluble dithiocarbamate derivative - N-methyl-D-
glucamine dithiocarbamate (MGD)
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The amount of Jurkat cells in apoptotic state (%), treated with 100
micromole of DNIC witht tiosulphate followed with addition of GSH (2 mM,
DNIC+GSH)), MGD (200 micromole, DNIC+MGD) , only MGD or
Fe-+thiosulphate

(Kleschyov et al., 2006)
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Pl-fluorescence
10" 10° 10° 10° 10° 107

MCF7 cell death in response to the treatment with B-DNIC-MS
(0,5 mM) and MGD (1 mM) assessed with Annexin-PI staining. (0,5 mM) and MGD (1mM)
assessed with Annexin-PI staining. Left panel -. 2D plots obtained using flow cytometry.
Cells were incubated with B-DNIC-MS alone (left plot) and with a mix of B-DNIC-MS and
MGD (right plot). Right panel - Mean fraction (%) of dead cells in a
suspension. 1 - control, 2 -B-DNIC-MS, 3 — MGD , 4- B-DNIC-MS+MGD (combined
action), 5 - sum of the effects in 2+3. Results are presented as mean values from three
independent experiments + SE (Vanin et al. 2020)
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Colony forming activity of E. coli TN530 cell (CFU/mL): 1 - DETC (2.5 mM), 2 —
B-DNIC-GSH (0,5 mM), 3 — Sum of the effects 1 + 2, 4 — B-DNIC-GSH + DETC
(added simultaneously), 5 - B-DNIC-GSH + DETC (DETC added 40 min later,
after B-DNIC-GSH).
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HNPOTUBOBUPYCHAA AKTUBHOCTDHb KATUOHOB HUTPO3OHUA
B OTHOLIEHUMU SARS-CoV-2 HA MOJIEJIU CUPUHCKOTI'O XOMSIUKA

A.B. lllunosanos!, A.®. Banun?, O.B. lIbaukos!, E.I. Barpsauckas?, B.J[. Muxosan?, H.A. Tkaues?,
H.B. Acanbaesa’, B.51. ITonkosa®

!@BYH I'HI] «Bexmop» Pocnompeonaosopa, >*@HUI] Xumuueckoii ¢puzuxu um. H.H. Ceménosa PAH,
SHoeocubupckuit uncmumym opzanuueckoii xumuu um.H.H. Bopoxacyoéa CO PAH

ABCTPAKT

B 3xcnepuMeHTaxX Ha MO/EIM CHPHMIICKOT0 XOMSIYKA IPOEeMOHCTPUPOBAHA IPOTUBOBUPYCHOE
neiictBue B 0THOIIeHUH BUpPYyca SARS-CoV-2 OusiiepHbIX THHUTPO3WIBHBIX KOMILIEKCOB KeJie3a
(b-AHKK) ¢ rnyratuonom u nmytuwiautuokapdoamara narpus (JAITK) npu nocaenoBarenbHoii (b-
JHKK+IITK) a3po30bH0i 00padoTKe 3apa:KEéHHBIX :KUBOTHBIX PACTBOPAMH 3THX COeIMHEHMIA.
MeTo10M 3J1eKTPOHHOT0 MAaPAMATHUTHOTO pe3oHaHca (JIIP) B aHAJIOrMYHBIX 3KCIIEPUMEHTAX HA
310POBBIX XOMSYKAX YCTAHOBJeHA NpenMylecTBeHHas Jokaausdanus b-/IHK/K u I19TK B Tkann
JErKkux. Y Mbllei NpHu TAKUX ke U3MEPEeHHUAX ITH areHThbl PAaBHO 3 PEeKTHBHO JTOKAJIN30BAIUCH
KaK B JIETKHX, TaK U B nedyeHu. Ilpexnosaraercs, yro npu kourakre b-IHKXK u I9TK B
OpraHusMe )KMBOTHBIX NPoHCcX0oAUT BbicBOOOkIeHue u3 b-/IHK/K karnonoB HUTpO30HMS,
BbI3bIBAKOIIUX S-HUTPO3HPOBAHUE NMPOTEA3 X03AMHA U BUPYCA, YTO NMPUBOIMUT K MOJABJIECHHUIO
KOBHM/IHOM MH(EeKIHH.



BupycHasi Harpy3ka B TKaHSIX HOCOBOM MOJIOCTH M TKAHAX JETKMX XOMAYKOB, HHTPAHA3AJIbHO
uHpuupoBaHHbIX BUPYcoM SARS-CoV-2 ¢ nocieayomum a3po30JbHbIM JieYeHHEM NpenapaTramMmu
b-THKK-GSH n b-/IHKK-GSH + JI9TK.

ITo nanubiM MeToga OT-ITHP(Ct) b-IHKK cam no cede CHUKAJI BUPYCHYI0 HATPY3KY B TKAHAX
HocoBoi noJiocTu ( (mo yposHio PHK) B 16 pa3 no cpaBHenuio ¢ mianeo6o. Ilo undgekuuonHomy
TUTPY (Ig TCIDso/ml) 10CTOBEPHOT0 CHUKEHUSI BUPYCHOM HATPY3KHM HU B HOCY HHM B JIETKHMX He
00HAapYsKeHO.

Ipu BBenennn b-JIHKK+/II9TK no nanupim OT-ITIHP(Ct) orMeueno cuu:xenue ypoBuss PHK B
HOocy — B 16 pa3, B iérkux — B 21 pa3. MeTo10M TUTOPOBAHUS B TKAHAX HOCOBOI1 MOJIOCTH
omnpoenesieHo emé 0oJiblee CHUKeHe BUPYCHOM Harpy3ku — B 200 pa3. /s TkaHel JErKux npu
TAKOH OllEHKe ITA BeJIMYUHA ObljIa CHHKeHA B 20 pa3
* boJiee HM3KHMeE MOPOTOBbIE 3HAYEHUS YHCIa NMKI0B (Ct) yka3bpIBalOT HA 00Jiee BbICOKHE
BHUPYCHbIE HATPY3KH.

CoeavnHervie BupycHas Harpyska SARS-CoV-2
B TkaHsIX HOCOBOW B TkaHax nerkmx
NONOCTU
TCII{)gf)O/mI Gil TCE?E)O/ e
b-AHKX 4,1+0,5 g3,8311 2 44+08 20,67%x2,13

B-AHKX+O3TK 2,7+0,4 27,2813,4 2,4+0,4 30,33+1,18
[Nnauebo 5,0£0,5 é9,8012,1 3,7£0,4 25,96%1,60



Thank you for your attention
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EPR parameters of low spin (S=1/2) M-DNIC with
thiolate ligands

g =2.04, g=2.014

A | (°'Fe) =-1.7mT, A ||(°"Fe) = -0.25mT, A, =-1.22mT
A ("Fe)| >|A |((°7Fe)|

The values are consistent with unpaired electron
localization on MO(d ?) (low spin d’ configuration) and square

planar spatial structure
(McGarvey, 1973; Vanin&Burbaev, 2011)
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Nitrosonium cation release from M-DNIC in aqueous

solutions
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Peroxynitrite and its transformations

NO + 0O, - NOOOr
NOOO +H* - HNOOO
HNOO — OH +NO,



Mechanism of formation, the relationships between
components and the ability of M- and B-DNIC with thiol-
containing ligands to donate NO and NO™ cations

2RS” + Fe*" + 3NO

N20 /J,\

2+ + -
[(RS):Fe"5(NOY),] == [(RS)Fe’ (NOY,] == Fe + NO + RS+ NO™ +RS

RS-NO
N {
2RS + Fe*'F 2RS-




Left panel - The photo image of a ring-like structure obtained 0.1 sec after application of a spherical
drop (0.01 ml) of an aqueous solution of Fe?* (10 microM) + glutathione (0.5 M) onto a 0.3-mm

layer of a 0.5 mM solution of GS-NO. The maximum diameter of the concentric rings was nearly 10
mm/

Right panel- Ring-like structures wich appeared after applying of a 0.01 mL drop of nitrite solution
onto the same GS-NO solution.




