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QUANTITATIVE ESTIMATION OF THE DAMAGE
TO THE GAMMA IRRADIATED HAEMATIN IN AQUEOUS SOLUTIONS

The stationary radiolysis of 0.1 N KOH aqueous solu=-
tions of haematin was carried out in order to determine the
effectiveness of the individual radicals. The samples were
irradiated also in the presence of free radical scavengers.
The radiosensitivity of haematin was determined under the
investigated conditions and the radiation yield of haematin
was also estimated. Results obtained for different radi-
cals were compared. The effectiveness of hydrated electrons
and hydroxyl radicals seems to be the highest, while the
role of superoxide anion and the ethanol radical is rather
small. In the presence of radicals of "“opposite" nature,

oxidizing and reducing, "reconstruction" reaction was
observed.

Introduction

—_———

The influence of ionizing radiation upon haeme has usually
been observed in order to determine the "so-called" process of
"apoenzyme protective effect" for some of haemoproteins [10,21].
Some works dealing with the kinetics of radiolysis of porphyrins
had to be carried out under conditions protecting against aggre=
gation, which was necessary for kinetic informations [20]. In
these solvent mixtures the primary yield of radicals remained
unknown. It was difficult, therefore, to determine the effecti=-
veness of the individual radical. The pfesent work is concerned
mainly with the quantitative aspect of haematin radiolysis and
the contribution of radicals to the destruction process. As the

[127]
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structure of porphyrins’ solutions is still discussed we. resig-
ned to calculate the degree of aggregation, and = expressed all
data per gram atom of porphyrins’ iron. The basic method applied
in our experiments consisted of addition of free radical scaven=-
gers to the irradiated solutions, which caused limitation of
chosen radicals down to values which could be neglected. Results
of radiolysis performed in the presence of few radicals respon-
sible for the final effect allowed to estimate the role of in=
dividual radicals concerning haematin destruction under given
conditions.

Materials and methods

The reagents used were A.R.=-grade, (POCh-Gliwicé), without
further purification, Solutions were prepared using bi-distilled
water. Trade haematin (POCh-Gliwice) was purified according to
the method of Shemin [25]. Haematin solutions were prepared by
weight in 0.1 N KOH, and checked spectrofotometrically at 385 nm,
after 15 minutes. The primary haematin concentration equalled 2°
1072 M (E385 = 58 900), average standard deviation was about
5%. Samples were protected from light. The irradiation was car-
ried out in an ionizing chamber by 0060 source at room tempera=-
ture in an atmosphere of argon, air, oxygen, or nitrous oxide.
Ethanol (2:10™2 M) and sodium formate (1072 M) were applied as
additional radical scavengers. The dose rate was 0.8 Mrad/h, the
doses ranged from 0.1 to 4 Mrads. The absorbance was measured in
1 cm cuvettes after diluting samples with air-saturated 0.1 N
KOH, using Specord UV=VIS and VSU=2p spectrophotometers (.Carl=
-Zeiss, Jena).

Results and discussion

The irradiation caused an alteration of haematin spectrum,
particularly significant in the Soret band. Spectra after, and
before irradiation are shown in Fig. 1.

The percent of changed haematin was calculated from ASBS va=
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lue (absorbance at 385 nm). Because of aggregates which may be
formed under studied conditions [6, 7, 8] the Lambert-Beer law
"do not apply in alkaline haematin solutions. However, deviations
observed in the range studied did not exceed 20%, what would
confirm hypothesis that an alteration of the molar extinction
coefficient decreases for porphyrins’ solutions for pH higher
than 11 [7, 8]. Radiolysis of haematin solutions was performed
in our experiments under conditions having well known primary
radicals radiation yield. Results presented in Fig. 2 indicate
that there is a significant dependence between conditions of ra=-
diolysis and degree of destruction.
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Fig. 1. Absorption spectra of haematin in the visible range for
different doses of 4 -radiation (air atmosphere)

Widma absorpcji hematyny w zakresie widzialnym dla rdéznych dawek
promieniowania x‘(w atmosferze powietrza)

CnekTpy NOrJOMEHUA BHNAMOTO cBETA I'eMATHHOM
ANA pasHHX 103 {'-obnyueras (B armocpepe Boazyxa)

According to Butler, Evers etal. [9, 17, 20]
some radicals may react with haematin leading to phlorin deriva=

tives, e.g.

ITI 10 II
Fej.om — > Fejaey — > Phlorin + Fe 1)

As all these intermediates might have an appreciable absorp=-



130 R. Lukaszewicz, M. Puchata, W. Leyko

tion in the Soret band, we found experimentally, comparing spec=
tra obtained for different doses of irradiation, that just 385 nm
is the best wavelength for characterizing post-irradiated chan-
ges. The applied method was also quick enough to avoid the pro=-
blem of slow spectral changes described as "ageing" of haematin
golutions. The influence of fast processes as green complex fore
ming [5] eliminated by waiting until was absorbance of samples
was stable., Since the rate constant of autooxidation was equal
- e 14 1074 pin™? [7] the influence of this reaction could be
neglected. Our observations of haematin solutions stored for se-
veral weeks confirmed the results obtained by B r own et al,
however, alterations were slower (the decrease of absorbance at-
460 nm equalled as little as 6% after 4 weeks). As we expressed
all data concerning haematin solutions per gram atom of porphyr-
ins iron; all calculated coefficients should be understood to
be relative. The estimation of the comparative activity of ine-

W0 o i - W

Radicalsg’ radiation yields and initial yields
of haematin destruction (Gdestr) under different conditions
of radiolysis
Wydajnosé rodnikowa a wartosci wydajnosci destrukcji
hematyny (Gdestr) w zaleznos$ci od warunkéw radiolizy

PannannoHHo-xAMAvYeckAft BHxox a adPexTHBHOCTH NECTPYKUUM I'eMaTHHA

(Gyogty) B BBHCHMOCTH OT yenosuit panuonusa

Condi- 1 1 Air Air 1 1 | Argon
tions | OXveen | Air' | 11 on612 |HcooNa? | N2O ' [Argon’ | yegoNa
G 3.47 [3.47| o 0 4.60 | 3.47 | o
S, 273 | 2wy | "9 78 5.90 |0.40 | 0 0
Cpe 0 0 3.17 0 0 o 0

g, 0 0 0 0 0 2.73 | 2.73
aq

o]

e ol 0.100 | 0.100| ©0.045 0.045 | 0.120| 0.020 | 0.072

1 Without additiona scavengers added; 2 EtOH concentration
equaled to 2 x 1072 M; 3 HCOONa concentration equal to 0.01 M; 4a-
verage standard deviation equaled to 10%
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dividual radicals Wupon the presence of others ig’ 1ndependent of
the structure of solutions' until structure differences caused by
different conditions are negligible. ' The ratio of absorbances at
580 nm to 540 nm taken as a measure of complex formation' [4,'5]
did not depend significantly on the conditions applied and was
0.8 #0.10. Radical radiation yield values summarised in Tab, 1
were taken from literature according to authors investigating
the radiolysis of systems similar to ours [11, 125 13, © Thy 953

16, 18, 19, 22].
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Fig. 2. The percent decrease of concentration of irradiated hae=
matin solution as a function. of the dose. s
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The values of haematin initial destruction yield presented
in Tab. 1 were calculated from experimental data = slope of the
doseeffect curves for a dose range of 0.2«0.4 Mrad, according to
Fig. 2.

Conditions of radiolysis

Argon atmosphere without additional free radical scavengers

All data are based on results obtained by Haissins=
ky [18, 19]. The influence of ‘H radicals is omitted as they
are converted to hydrated electrons in the alkaline medium.

"H o+ OH = "el + Hy0 (2) ky =2 x 107 M1 5™

q

The yield of e;q was corrected according to (2). The shoul~
der'on the dose-effect curve at about the dose of 0.1 Mrad is

probably the result of an incomplete deaeration.
Oxygen and air atmospheres without additional scavengers added

Taking primary radiation yields according to Haigsinsky, fi=
nal yields were corrected due to the reaction of intensive sca-
venging of hydrated electrons by oxygen:

.- P 10
eaq + 02 = O2 (3) k3 =1.88 x 10" [19]
Pogsible reaction

"H + 0, = HO, (4) k, = 1.9 x 10" [2]

which may compete with(4) leads also to O,, because HO, dissocia=-
tes in the alkaline medium,

*HO,, H' + 03 ; (5)  pKg = 4.88 [23]

and does not influence the final result either from the qualita-
tive or quantitative point of view. - /

The irradiation in the atmospheres of oxygen and air was car-
ried out in parallel in order to exclude the influence of nitro-
gen oxides which might be generated in air during irradiation.But
such an influence was not observed.
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N20 atmosphere

The main reaction which occurred was the conversion of hy=
drated electrons to hydroxyl radicals.

"eaq * NoO + H,0 = OH + OH™ + N, L P S b 3

According to many authors the concentration of OH radicals
is high enough to form 02 = either in the OH=OH recombination
process or in reactions between OH radicals and its deprotonated
form 0°. Many mechanisms of radiolysis of N,0-saturated alkaline
solutions have been conaidered up to now, and are still discus=
sed. We took Gy = 4,60 and 605 = 0,40 according to D a i n=
‘ton etal. [13], Rabani" etal,[23] and Zehavi

et al. [26].

co}! + .-OH __—f{zoz .<7)
H,0, + 0" —=°0" + H,0 (8)
Air + HCOONa

The final results correspond with the situation, where reac-
tions (3), (4) occur and afterwards OH radicals are transformed

to '05 radicals. ’

. HCOONa oA~ ;

and superoxide anion radiation yield is equal to the sum of all
primary formed radicals, being the only free radical present in
significant quantities. The detailed discussion was presented by

Draganié etal. [16].
Air + ethanol

Seddon and Al1len [24] found that final results
of oxygen-saturated ethanol solutions to forming '05 and etha-

nol radicals in reactions
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0
e —sRodut0Fre O ‘ (10) [24]
*OH ...ﬁg.ﬂ__._.'ne ‘]' &1, ) Erlw I (11)[’2‘#]

Argon + HCOONa
. Hydroxyl radicals ' react very-efficiontly with formate ions
HCOO +"0H = OH‘ + H20 + coo it : - (12)

and 'e;q remains main active specie.‘.,

U s ) } ~D B
0

Calculations

The estimation of G, 4p OF haematin baged ' on the defini-
tion of the destruction yield (the amount of molecules damaged
by 100 eV of ionizing radiation-energy)-{1].

L)
107 + Ac
Cgestr = BAx (13)
where: ¢ - the change of haematin concentration (M); Ax = the
dose in rads which caused the change of concentration Ac.

ILf

.. An order to evaluate quantitativqu the role of individual,
radicals in the radiolysis, the ratio of the yield of destruc=
tion caused by any radical to the yield of this radical was cal=
culated . H30

G 80 1he :
where: Cientr™ the radiatlon yield of destructlon caused by the‘
radical caused by the radical formed with ‘the yield equaled et

This magnitude was called in:our work "the effectiveness coe=
fficient" of ah individual'radical, because it indicate radio=
sensitivity of ’‘haematin: to this radical.: Under conditions:where
we can assume that the effect is caused by one radical - . only,
equation ; (
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e i
Ggegtr = £ * G (15)

is true.
When results could be atributed to several species the total

effect is equaled to the sum of destructions caused by all radi-
cals, as far as inter-radicals interaction is negligible.

i no
Cdestr = PN fn." G- (16)
n

Based on eq. (16) approximate values of "f" may be determined
if Gdestr is known (in our experiments Gdestr was using to re-
lative calculations only, because we did not estimate percent
of dimers in solution, and we did not know exactly therefore mol-
lar concentration) = c¢ (see eq. (13)). However results of cal-
culations are independent on radiolysis conditions since present
radicals are all oxidizing, (or all reducing, e.g. results ob-
tained in systems: Argon + HCOONa and Argon + EtOH are the same).

Only experiments with argon-saturated solutions lead to dif=

ferent data (see Tab. 2).
Table 2

Values of the effectiveness coefficients of haematin destruction
calculated from the values of G, obtained in the presence
of radicals having Qimilar nature

Wydajnosé aktywnosci destrukcyjnej wobec hematyny wykazywana
przez rodniki w warunkach obecnogci rodnikdéw innych,
ale o tej samej naturze

3pPeXTUBHOCTH RECTPYKUUM PeMATHHA BHUMCHEHHHE HA OCHOBE 3HadeHUH

Ggestr MOMAYUEHHHX B NPUCYTCTBAA DPAnUKaIOB CXOZHOH NPHPOIH

Radionl R 'eaq Rethanol 02
Effectiveness 3

coefficient 0.0255 0.0264 0.0076 0.0076
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Conclusions

1. Application of mathematician methods may allow to  deter-
mine some parameters, like radicals’ activity to many compounds,
or radiation destruction yield -~ in easy way. In that work we es-
timated mainly relative values, however it should be posgsible to
found also absolute data, by compéring our results with the data
concerning structure of investigated solutions. . '

2. Radiosengitivity is different often to various = radicals.
For haematine alkaline solutions sensitivity to radicals formed
during water radiolysis is the highest in the case of hydrated
electrons and hydroxyl radicals, while the role of superoxide
anion seems to be rather slight ('an ¢ "OH : "0; = 1.00 : 1.00 :
s 0,29), .

3. Similar results obtained for systems: HCOONa-water, and
EtOH-water in the presence of oxygen may indicate that ethanol
radicals, usually reducing'species are converted in oxygen=gatu=-
rated solutions into oxidizing radicals. :

L., Very slight destruction effect observed in system argon=
-water, without additional scavengers added suggests fast inter-
action between present species formed in the course of radioly-
sis, because radicals like hydrated electrons or hydroxyl -radi-
cals usually react with haematin very efficiently. The effect de=
scribed above may be due to fast "reconstruction" processes of
‘haematin, reducing in one step and then being reoxidizing.

5. Generation of nitrogen oxides, under given condition (air
atmosphere, dose rate of 0.8 Mrad/h) was not observed.
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OCENA ILOSCIOWA DESTRUKCJT NAPROMIENIONYCH PROMIENIAMI
4 WODNYCH ROZTWOROW HEMATYNY 4

W pracy prowadzono radiolize roztworu hematyny w 0,1 N wodnym
KOH. W celu oszacowania promienioczutosci hematyny wobec poszcze=
gélnych rodnikéw zastosowano dodawanie do napromienianego  roz=
tworu zmiataczy wodnych rodnikéw. Analizujgc otrzymane wyniki o=
kreslono wielkosé wydajnosci radiacyjnej destrukcji hematyny, 1li=
czone]j na gramoatom zelaza porfirynowego, a takZe okre§lono pro=
mienioczuto$é hematyny w badanych warunkach, Poréwnanie  wpiywu
réznych rodnikdéw, powstajgcych  w procesie radiolizy wody wskazu=
Je, ze w alkalicznych warunkach najwieksze niszczgce dziatanie
na hematyne wykazujg: rodniki hydroksylowe i elektrony uwodnione,
podczas gdy wpilyw anionorodnikéw ponadtlenkowych 1 rodnikéw eta=
nolowych jest nieznaczny. Wydajnoéé radiolizy - szczegdlnie mala=
ta, gdy w Srodowisku =znajdowaly sig jednoczesnie rodniki o utle-
niajgcym i redukujacym charakterze, co moze byé spowodowane za=
chodzeniem szybkich proceséw "rekonstrukcji".
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Poman Jlykamepuu, Meuucnas [lyxara, Bauna Jlelixo

KOIMYECTBEHHAA OLUEHKA IECTPYKUMH
4 ~OBIYYEHHHX BOJHHX PACTBOPOB I'EMATHHA

., B pabore onpenenanu sPPeKTUBHOCTH OTAENBHNX DANUKANOB B Npo-
gecce gaunqxnaa pacrBopa remarusa O,1 H KOH, npumenas Meroxn "cme-
rarered" CBOGONHHX paiMKalOB. :
YcTaHOBNEHO PanMOYyBCTBUTENBHOCTh I'€MATHHA B HCCIENYEMHX yClIOo-
BHAX W pandandOHHO-XUMHYECKUH BHXON NecTpyKuUM remaruHa. CpaBHABA-
JIACH PEe3ynbTaATH, MOJIYYEHHHE HJAA OTHEeJbHHX PanuKanos. dpPexTaB~
HOCTH TIHIPATHPOBAHHOr'O OJJEKTPOHA M TIUNPOKCHJIBHOI'O panukana ABIA-
erca camoft Bucoko#t, B TO BpeMA Kax BIHAHAE CYNEPOKCHIHOIO ¥ 3TAHO-
JOBOr'0 PajgUKajNoOB ABIAETCA OTHOCHTENBHO HEOONBIMUM.




