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La multifrequenza
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FIG. 8. Experimental and simulated room temperature spectra for
$Cu(dtc), in o-toluidine using the input parameters given in Table I at five
different frequencies.
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La multifrequenza — un esempio: citocromo C ossidast
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| principali sistemi radicalici studiabili con la tecnica EPR sono i seguenti:

> -

(raro, data la generale instabilita
delle molecole possedenti un elettrone spaiato)

(legato alla
stabilita del radicale durante I’ intrappolamento per congelamento; lo spettro del
radicale nello stato rigido € spesso poco informativo)

(tecnica di Spin-trapping:
Spin-trap diamagnetico + radicale=addotto paramagnetico stabile con spettro
molto informativo)

(tecnica di Spin-labelling: Sistema chimico diamagnetico
studiato con una sonda paramagnetica)
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Free radicals

Free radicals appear as intermediates in various biochemical reactions

All biological oxidations might proceed in one-electron steps, hence giving
rise to free radicals

In solution, the spectra of free radicals are relatively easy to interpret because the hyperfine
splitting are proportional to the free-electron spin densities.

g-value of the free radical approaches very closely to the theoretical value for a free electron
of g.=2.0023

Deviations from the free-electron g-value can give some information about the degree of
orbital restriction of the free-radical wavefunction.

The g values provide important information on the electronic structure and symmetry of the
radical

The most useful structural information in the EPR spectra of radicals
comes from the nuclear hyperfine splitting, A. They provide:

Q

Q

A detailed picture of the nuclear spins that are near the unpaired electron.
Chemical identification of the radical.

In the case of aromatic radicals, analysis of the hyperfine interaction can be used for
determining the extent of delocalization of the unpaired electron.

Information on the protein environment around the paramagnetic center.
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Free radicals

For many free radicals in solution the proton hyperfine splitting are most important
since hydrogen nuclei are extremely abundant in nearly all biological molecules and

have large nuclear moments.

o Freeradicals generated by the enzymatic oxidation of substrates by peroxide-hydrogen

peroxide.
a)
'o\c —— C,O'.
H I_o
(-"“' C\O/C—
CH_OH — CHOH

In the case of ascorbate radical (a), the free
electron interacts with the single ring hydrogen,
producing a single splitting.
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b)

In the reductate radical (b), the free electron interact
with all four hydrogens of the ring system
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Free radicals

The relative hyperfine splitting are a direct measure of the time which the free

electron spends in the region of the particular proton.
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The spectrum of the ascorbate radical at higher resolution reveals a small hyperfine interaction with protons of the
aliphatic side chain.

The hydrogen hyperfine splitting arise from so-called spin polarization of the valence electron on the hydrogen
atom by the free electron of the n-electron system.
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Flavin Radicals

Protein having flavin mononucleotide and flavin adenine dinucleotide as coenzyme participate in a wide variety of
biological oxidative processes.
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The extensive hyperfine structure in the EPR
spectra of 7,8-dichloro-10-methylisoalloxazine
radicals (prepared by partial reduction of the

flavin dissolved in the dimethylformamide at
alkaline pH) is due to interaction between the
unpaired electron and the various nitrogen and
hydrogen nuclei around the ring system.

(R= -CH2CO2H)

8656
e

Dipartimento di Chimica
Universita degli Studi di Siena - 80 -




Caratterizzazione di specie paramagnetiche
Hormones

Many hormones readily undergo oxidation and/or reduction. Free radicals may be involved as
intermediates and could in some cases be the active forms of the hormone.

The EPR spectra of the transient free radical dihydroxyphenylalanine oxidized by Ce** al pH 12.7 is complex and
has not completely analyzed.

The observation that identical EPR spectra are obtained from estradiol, estriol and estrone suggests that some
aspects of their action might be through a common radical intermediate.

Dipartimento di Chimica
Universita degli Studi di Siena -81-




Caratterizzazione di specie paramagnetiche

Drugs

. EPR could help in establishing the molecular basis of pharmacological action.
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= CHLORPROMAZINE: a phenothiazine tranquillizer which has dramatic effects in the treatment of hyperactivity and
anxiety conditions.

= The extensive hyperfine structure shows that the unpaired electron is highly delocalized, which accounts for its
unusual stability.
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Carcinogenesis

Carcinogenesis can be induced by irradiation of normal tissues or by contact of normal tissue and pyrrolyzed
hydrocarbons a possible link between free radicals and cancer.
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EPR signals from liver slices of rats fed on a diet containing 0.06% p-dimethylaminoazobenzene and of rats on a

control diet lacking the carcinogen.
In rat liver following feeding with various carcinogens has been detected a characteristic g = 2.035 signal.
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WHOLE BLOOD OSTEOSARCOMA
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All spectra are under the same gain condition

During the disease are evident:

1) Changes in signal amplitude due to chemotherapic and radiotherapic
treatment (B and D)

2) More intense signal appears when metastasis starts (C)

3) The cancer is not affected by the terapy and the signal becomes more
intense (E).

4) Before death the signal amplitude decreases to the initial value (F).
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Tobacco smoke

TOBACCO SMOKE is claimed to be dangerous to health, in part because of its carcinogenic propensity and in
part because of its toxic effect on the mucous membranes of the upper respiratory tree.

Tobacco carcinogens include many polinuclear hydrocarbons, of which the most prominent and the best known is
benzo [a] pyrene.
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Non-free radical constituents of smoke and its condensate could interact with hemoglobin and with the
phospholipids of lung tissue to produce stable free radical species.
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Irradiated nucleotides and nucleic acids

. Its generally assumed that the sensitivity of living cells to irradiation is due to DNA damage.
. Irradiation with y-rays of isolated DNA reduces the molecular weight dramatically.

. It has been suggested that the radical responsible is that of thymine.
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Antibody-hapten Interaction

EPR titration of the binding of dinitrophenyl nitroxide hapten to
antibody.

o The free radical was strongly immobilized when bound to the antibody with a
correlation time t, = 4x108 s

o The number of binding sites has been determined as two per antibody.
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Antibody-hapten Interaction

The active site on the antibody is located in a crevice at a distance of about 12 A from
the surface.

An abrupt change in 1, occurs at a chain length of approximately 13 A providing
confirmation for the estimates of the crevice depth by electron microscopy.
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| principali sistemi radicalici studiabili con la tecnica EPR sono i seguenti:

=) (raro, data la generale instabilita

delle molecole possedenti un elettrone spaiato)

=) (legato alla

stabilita del radicale durante I’ intrappolamento per congelamento; lo spettro del
radicale nello stato rigido € spesso poco informativo)

=) (tecnica di Spin-trapping:

Spin-trap diamagnetico + radicale=addotto paramagnetico stabile con spettro
molto informativo)

0 (tecnica di Spin-labelling: Sistema chimico diamagnetico

studiato con una sonda paramagnetica)
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