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Short communication

Ferrous-Ascorbate Complexes as Carriers of Nitric Oxide

Z V KUrOPTEVA AND M E KUDRYAVTSEV

Institute of Biochemical Physics, Russian Academy of Sciences
Kosyqin Str 4, 117977 Moscow Russia

Abstract. Ferrous-ascorbate 1s known to form with nitric oxide paramagnetic ni-
trosyl ferrous-ascorbate complexes, Fe-AA-NO These complexes yield on EPR sig-
nal with g-factor close to 2 02 and an optical absorption spectrum with maxima, at
340, 460, and 600 nm Fe-AA-NO complexes are unstable 1n the presence of oxygen
Ferious-ascorbate complexes promote NaNQ, decay 1esulting m the formation of
NO Nitric oxide 1s taken up by Fe-AA complexes to form paramagnetic ferious-
ascotbate mtiosyl complexes, Fe-AA-NO It 1s suggested that ferrous-ascorbate
complexes can play the 10le of cairiers of NO and, perhaps, Oz 1n the blood plasma
Nit1osy! ferrous-ascorbate complexes can also be the NO contaiming factor involved
in the blood vessel relaxation (endothelium-derived 1elaxing factor, EDRF)
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It has been established eatlier that many nitrocompounds aie 1educed 1n the
anunal organisms as well as 1 tissue homogenates to form nitiic oxide (Shubin
and Kuropteva 1983, Kuropteva and Pastushenko 1985, Zhumabaeva et al 1987,
Kuropteva et al 1991) Probably, NO production is an important factor of the ni-
trocompounds activity at the orgamism level A number of works have appeared 1n
recent yeais concerning the role of nitric oxide as a factor involved 1n basic processes
i man and anumals (Palmer et al 1987, Moncada et al 1989, Moncada and Higgs
1990) Also, L-argmine has been shown to be the endogenous NO source (Palmer
et al 1988, Moncada et al 1989, Moncada and Higgs 1990) NO 1s known to be the
principal constituent of a factor regulating blood vessel relaxation {endothehum-
derived relaxing factor, EDRF) and can act as a central nervous system messenger,
cytotoxic action mediator in immunologically activated cells, etc (Moncada et al
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1988, Stuehr and Nathan 1989, De Vente et al 1990, O’Connor et al 1990, Beck-
man 1991, Drapier et al 1991) How these active molecules can be transferred to
the sites of their action 1emains, however, unclear NO cariiers (and EDRF. accord-
mgly) have been shown to contam thiols (Palmer et al 1987, Ignarro 1990), and 1t
was proposed that NO-caitiers aie Fe-S complexes, and Fe-S-NO complexes were
suggested as the hypothetical stiucture of EDRF (Lancaster and Hibbs 1990, Vanin
1991) Actually, these complexes are easily formed and are sufficiently stable and
easily 1egistered by EPR technique In our opmion, however, Fe-S-NO complexes
are too stable to play the cainier 10le They actually are formed mn the organism but
may play the role of NO scavangers These complexes may serve the elimination of
excessive NO molecules fiom the oiganism or may 1epresent NO storage

Herein, we present data concerning another type of complexes which can play
the role as NO and, possibly, O, carniers ferrous-ascoibate complexes which form
with NO mitiosyl ferrous-ascorbate complexes, Fe-AA-NO

Materials and Methods

The following chemicals weire used FeClz and NaNO, from REACHIM Company
(Russia), L-ascorbic acid fiom Sigma (St Louis, MO, USA) The FeCl; AA NaNO,
1at10 1 water solutions was 1 5 8 All solutions were prepaied 1 aigon atmosphere
(a1gon blowing duiing 2 3 min) The experiments were performed at pH 6 5 8 0
NaNO,; solution was added to the stock Fe-AA complexes solution and optical ab-
so1ption spectia were immediately 1ecorded Sumilar samples were frozen to hquid
nitrogen temperature 1 the foim of columns, 3 5 mm m diameter and 30 mm 1
length, to measuic EPR spectra

EPR spectia wete 1ecorded with a Biucker ER-300 spectiometer at 77 Ik
Optical absoiption measurements were performed with a “Specord UV-VIS” spec-
trophotometer

Results and Discussion

Fig 1 (curve 1) shows the EPR spectium of nitiosyl ferious-ascorbate complexes
(Fe-AA-NO) i argon atmosphere at 77 IX Fe-AA-NO complexes have asymnetiic
EPR signal with g-factor close to 2 02 Duiing an blowing through mixed <olution
o1 duting mcubation under an atmosphere, the EPR signal disappears Fig 1 (curve
2) shows for compatison the known EPR spectrum of Fe-S-NO nit1osyl complexes
obtamed by mixing FeCls and 1educed glutation solution with sodium nitiite
The optical absoiption spectra of the same solutions are shown m Fig 24
Spectium 24 2 was recorded immmediately after solution mixing (within 2-3 mun),
and Fig 2 A 3 shows the spectium of the same sample 1ecorded after 5 7 pun Op-
tical absoiption spectium 2 A 2 has thiee expiessed absorption maxima 340, 460,
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Figure 1. ESR spectra of nitrosyl complexes 1 terrous-ascorbate Fe-AA-NO, 2 ~ ferrous-
thiol Fe-S-NO Settings microwave power 20 mW, magnetic field modulation 4 G, tem-
perature 77 I\ Magnetic field values are given 1n the g-factor units

and 600 nm It can be assumed that this spectium 1s due to Fe-AA-NO complexes
1ecorded by EPR method (Fig 1 cutve 1) in the same conditions as the optical
spectium m Fig 2.4 2 Spectium 24 3 15 the sum of absoiptions of two complexes
that of Fe-AA-NO and of a new foimed. the spectium of which was obtained as
the difference between absoiption spectia 24 3 and 24 2 The difference spectium
15 shown 1 Fig 2B, 1t has an absoiption maximum 1 the visible 1egion at 400
nm This complex does not yield any EPR signal It should be noted that ascorbic
ac1d has no absorption m the wavelength 1ange studied, and FeCls and AA mix-
tuie absoiption spectia are 1epiesented m Fig 24 1 Spectia 24 2 and 24 3 were
recorded with the 1eference cell containing NaNO; solution

As mentioned above, the paiamagnetic Fe-AA-NO complexes are unstable
m the presence of molecular onygen. and then EPR signal disappeared after an
blowig There can be two explanations for this effect either O, oxidizes AA and
the complex disintegrates, o1 NO 15 substituted by molecular oxygen with the
formation of diamagnetic Fe-AA-O, complex We obtamned the data supporting
the latter suggestion (unpublished data)

Thus, we could show that ferious-ascorbate complexes Fe-AA can be formed
at pH values close to physiological ones These complexes promote NaNO, decay
giving 11se to NO Nitrie oxide 15 tahen up by Fe-AA complexes, 1esulting in the
formation of paramagnetic nitiosyl ferrous-ascoibate complexes Fe-AA-NO. with
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Figure 2. Optical absorption spectra A 1 - FeCls and ascorbic acid solution (Fe-AA
complexes), A 2 - after addition of sodium nitrite to A 1, A 3 — 5-7 mun after recording
of A2 (in air) B - difference spectrum between A 3 and A 2

g-factor near 2 02 In our opinion, ferrous-ascorbate complexes can play a 10le as
carriers of NO and, perhaps, O, mn the blood plasma Ferrous-ascorbate nitrosyl
complexes can also be the NO containing factor that 1s involved 1n the blood vessel
relaxation (endothelium-dernived 1elaxing factor, EDRF), the structure of which 1s
widely discussed (Palmer et al 1987, Moncada et al 1989, Ignario 1990, Moncada
and Higgs 1990, Vanin 1991)
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