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SUMMARY

The effect of extermal gamma=~ and intermal beta-irradiation
on the aqueous solutions of unlabelled and 3y labelled prepara-

tions of thymidine and uridine was investigated within the con~-

2

centration range 10_4 - 2.10°°M. From these investigations corres-

ponding D/50 and Gi(—hﬁ values were calculated and compared. The
differences between the Gi{_M) values of labelled and unlabelled
preparations obtained in very dilute solutions (up to 5.103 -

107%M) were discussed.

INTRODUCTION

In the prececing paper (1) ve investigasted the rediolysis of
tiitiated pyrimidine nucleosides under verious conditions of
their storage in denendence on the specific redioactivity of the
preparations under investigetion. The results obtainea vere uti-
lized in this study for the celculation of kinetic velues of the
autoradiclytic processes taking place in aqueous sclutions of
thymidine-6-T &nd uridine-5-T in consequence of autoirradiation
vith beta particles during storezge. Simultaneously the changes we-
re zlso investigeted vhich teke place in agueous solutions of ac-
tive anu inactive preperetions of these nuclecsides under the ef-

fect of externel gamma-reciation end kinetic values of these ra-
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diolytic processes were computed.
Vie were interested to see vhcther the radiation processes
studied asre comparable, or else, whether it is possible to draw

conclusions from the results of externsl radiolysis of inactive

substances on the course of the autoradiolysis of their tritiated
preparations., Three series of experiments were eveluated in which
the following fectors were followed:

1) The effect of external gemma-radiation on aqueous solu-
tions of thymidine and uridine,

2) the effect of external gemma-razdiation on aqueous soluti-
ong of tritiated preparetions of these substances,

3) the effect of internal beta-radiation on aqueous solutions

of tritiated preperstions during their storage.

Experimental part

For the computetion of 1ate congtants of autoradiclysis and
the initial Gi(FM) values (i.e., the number of decomposed molecu-
les of the irradiated substances per 100 eV of the sbsorbed energy
at dose—0Q) of thymidine-6-T and uridine-5-T stored in aqueous so-
lutions at +2°C the results presented in the preceding paper (1)
were utilized. The originel specific radicactivity of thymidine
(25 Ci/mmol) end uridine (10 Ci/mmol) wes gradually decreased by
the addition of the corresponding insctive carrier until it drop-
ped to 1 or 0,5 Ci/mmol., The molar concentretion of the studied
solutions increased thus from the initiel 4.10”% +o 1072M in the
case of thymidine, and from 1072 to 2.1072M in the case of uridi-
ne, The radioactive concentration of the studied solutions remai-
ned in all instances constent, i.e, 10 mCi/ml. From this the e-

nergy doses of tritium beta-radiation were calculated, which we-
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re abscrbecd in the stored solutions at various stages of their
storege.

6

hs source of externsl gamma-radietion 5 kCi cCo of losrad/h

intensity were used, i.e. 6.3 . 1018ev/h. The soiuctions of inac-
tive thymidine and uridine (Koch-Light Leboratories Ltd.) were
irrediated in seacled gless ampcules with increesing doses of gam-
ma radiation at room tempereture. Under the same conditions
freshly suprlied equecus solutions of tritisted preparztions of
thynidine erd uridine (Institute for the lLiesearch, Development
and Froduction of kadioisotopes - ﬁVVVR, Frague) were also gamma-
irradiated, whicah were adjusted by the additicn of gn inactive
carrier from the original 4.10—5M concentretion up to the 2.10_2M
concentration. neiiher the stored solutions of tritizted prepara-
ticrs, nor th: coluticns prepered for gamma-irrsdiation were spe-
ciclly deaercted.

The content ¢f thymidine ard uridine (S) in irradiated sam-
Fles vas follcwed srectrophotometricelly; in radcioactive prepara-
iions elsoc by rcciometric measurement of chromatogroms of irredi-
eted sclutions. In tlis case the sensured values had to be corre-
cted for the ccrtent of volectile radicactive products which were
formed in censequence of radiclysis, especiclly for the content of
tritiated water, Their pert wes czlculeted from the difference of
recGicectivity cof the evepcreted and non-evopcrated irradiated so-
luticn. The drop in the concentration of thymidine and uridine
vhich occurs in conscquence of a diiecct internal effect T —» He
{vhich sccerding to Ivens (2) ermcunts in the case of substances
vitihoot liigher speciuic mcilvity up tc S of the originzl activity

gy yeer ©f LIorige) muy e neglected in thicz case.
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Results and discugsion

The dependence of the radiation degradation of thymidine and
uridine (S/SO) on the irradistion dose, plotted in & semilogarith-
mic scale, gives a set of curves vhose slopes charscterize the
rete of radiation decompositicn &t various concentrations of the
irredisted sclutions. D/50, i.,e., the rediation doses at which &
50% degradetion of the oiiginel substcnces took place were sub-
tracted from the graphs. From these values the rate constents
and Gi(-M) velues were calculated for single concenirciions of
the irrediated nucleosides., 1he velues obteined during the gam-
me~raciolysis of inective thymidine and uridine samples are pre-
sented in Table 1, column A; the vzlues obteined on genma-redic-
lysis of tritieted preperesticns cf these substances aie¢ given in
the seme teble in column B,

A similer treatment was zlso applied to tie results cbteined
during the study of the raciolysis of tritiated prepurctiions sto-
red &t various specific activities in aquecus sclutions at +2°¢.
From & drop o1 tre original redioactivity of the storecd senclcs
arG the vclues obteined efter coi:ection for tae content of veleati-
le rediation products the S/So values were determined in degerden-
ce on the time of storage, i.e. on thc emcunt of the abcorbed e-
nergy of the tritium bete-irrediation, In Table ¢ the coriesgon-
ding D/50 values are listed as vell as the Gi(-M) values cf the
bete-rediolysis of tritiated preperatiocns of verious specifie ceti-
vity. Initial radistion yields oi labelled molecules of thymidine
gnd vridine, Gi(-M‘), are given in ti.is table independently. For
their calculztion the concentretion oi tritiated picpzrctions of
theoretic specific activity 29.1 Ci/mmol was taken as initisl as

at this concentrztion 2ll the mrolecules of these preperatiorns
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should have been labelled with tritium, i.e. the 3.2 . 10'4M con-
centration.

Teble 1
Radiolytic Data Concerning game-~hadiolysis of Thymidine and Uri-
dine (A) and tneir Tritiated Derivatives (B) in Agqueous non-Te-
aersted Solutions.

A B
s, [ 5750 5750
mol/1l | ev/ml 6, (-u) ev/ml G; (=1)
(202} (L1029 (.12029)
0.04 - - 0.155 1,08
0.1 0.155 2.7 0.235 1,78
0.2 0429 2,85 - -

Thd | 0.25 - - 0.410 2.54
0.5 0.72 2.9 0.7 2,98
0.8 1.1 3.0 - -
1.0 1.34 3.1 1.25 343
2.0 - - 2.45 3.4
0.01 | 0.015 2.8 0.32 0.13
0.04 | 0.056 2.95 0.36 0.46
0.1 0.13¢ 2.9 0.43 0.96

urd| 0.2 0.31 2.85 - -
0.25 | 0.32 3.1 0.55 1.9
0.5 0.6: 3.3 0.75 2.8
1.0 1.3 3.2 1.3 3.2
2.0 2.4 3.35 2.5 3.3
2.5 3.0 3.45 3.1 3.4

In view of the fact that the substances investigated had a
reletively low electron density and that the concentrations of the
solutions used were sufficiently low, it msy be supposed that the

main part of the degradation of the investigeted substences should
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take place in both ceses, i.e. both on gamma-radiolysis and on
bete-autorediolysis, in consequence of the indirect effect of the
recistion, i.e. through the meciation of the radicals and active
perticles of water. In this case the Gi(-m) velues of the irradi-
ated substences, should be independent of the concentrativn ou
the irradieted solutions. Only the results from the tirst series
of the observed phenomena agree to & certain extent with this con-
dition, i.e. the results obteined from gemma-radiolysis of inac=-
tive preparetions of thymidine and uridine. As follows from tab-
le 1/A the Gi(-M) values of gamma-irradieted inactive preparati-
ons of thymidine end uridine (within the limits of the concentre-
tions investigated) oscillate accorcing to expectations asbout a
constent value = 3, which may be considered as a cheracteristic
symptom of the indirect- effect of the irredistion. With the in-~
Table 2

Lhaciolytic Data Cuncerning beta~Autcradiolysis of Tritiated Thymi-
dine and Uridine in Aqueouc Non-Deaerated Solutions Stored at 2°¢

Specific S, D/50 ci(—M*) G; (-M)
activity mol/l eV/ml of lebelled of labelled
Ci/mmol (.1072) | (.10%9) molecules | end unlabelled
only molecules
25 0.04 0.215 0.57 0475
Thd | €0 0.05 Ce265 0.47 0.78
10 0.1 €.3% 0.36 1.2
5 C.2 C.45 0.28 1.85
1 1.0 0.96 0.13 4.3
10 0.1 0.28 0.44 1.5
ura| 2 0.2 0.46 0.28 1.9
1 1.0 c.88 C.14 4.6
0.5 2.0 1.5 0.06 4.4
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creese of the concentretion of the irradiated solutions only a
mild increase of this velue takes place in this case, Loman and
Block (3) found a similer course during the irrcdietion of egue-
ous thymine sclutions. A rising tendency of Gi(-M) values wiivh
increesing concentration of the irredisted solution is explained
by the fact thet in dilute solution the OH radicels (Ggy= 2.7,
ere meinly responsible for the degradetion of the irradiated
stbstance; with increasing corcentration of the irradiated solu-
tions other active water particles also take part during the ra-

dietion degredation, which leads to & mild increase of Gi(-M)

of the dissolved substances, In our case the meximum value of
Gi(—M) was 3.4.

In comperison with inactive samples of thymidine and uridie
ne whose Gi(—M) values sre almost indepeadent of the concentra-
tion of the irradiated solutions, the situation in the irredia-
ted solutions of tritiated preparstions of these substances is
different.

During the gamma-radiation of very dilute solutions of tri-
tiated nucleosides their Gi(-M) values sre appreciably dependent
on the concentration of the irradiated solutions. When comparing
the results of the gamma-radiolysis of inactive (Tab.l/A) and
active (Tab.l/B) preparations, it can be seen that in very dilute
solutions the radiation yields of tritisted ssmples are substan-
tielly lower than Gi(-M) values of inactive preparations. This is
especially striking in the case of uridine, where active and in-
active preparations were irradisted in solution of very low con-
centrations. From the results it follows that the initial radia-
tion yields of tritiated preparations increase distinctly with in-

creasing concentration of the irradiated solutioms. The increasge
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takes place up to the concentration 5.10'3M when & certsin stabi~
ligetion of Gi(-M) values at about the velue 3 occurs and thus
approaches the results obteined on gemme-raciclysis of inactive
samples, This vclue then remains constert and does not chkenge
even on further increase in concentraticn of the irradiested solu-
tions,

A similer trend wasg 2lso c¢bserved during the autoraciolysis
study of stored preparationsg of thymidine-6-T and uridine-%-T. It
is evident from Table 2 thet on eutcrediolysis of tritieted sem-
ples an apprecisble dependence of the initial racistion yield on
the concentration of the stored substznces is observed, or alsc
on the specific activity at which they are stored. A gricuvel de-
crease of the specific activity of tritiated preparations by a
homogeneous dilution with the corresponding inective cerrier lezds
to a decreased degrasdation of active nucleoside molecules to thc
detriment of inective molecules ¢f the scicd cerrier. The initizl
yield of decomposed lebelled molecules of thymidine and uridine
decreases on inc:easing the totezl concentretion, while the ini-
tial loss of inactive molecules of tinege subgtirces digiinctly in-
crecses vith increasing concentratiocn of the sclutions stualied,

A certein stabilisation of the Gi(-u) velues of the stored triti-
ated substances ~ about the value 4,5 - takes place at a concen~
tration of about 10 2M.

The results cbtaincd in el)l three series oif ¢xperinwris are
summarized in Figure 1, representing the depenacrnce of GikM) vi-
lues on the concentretion of irredizted solutionse V“hen comy @ ing
the course of this dependerce ir ihe casc of active and iractive
thymicdine &nd uridine preperetiors, tin difference is im ecdiately

evident. Active semrles jrracieted In dlilute coluticre eitles vlth
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Figure 1

Lhe Gi(—ﬁ) velues of vnlabelled end 3H-labelled thysnicine

erd uv.oidine irrcdieted in coueous solutions with garwa-extcer-

ni:l (1,1',2,2') enc¢ bete=inteinal (2,2 ) radiation source versus
concentrations
1(1')-gemma—r;ﬁiolysis ¢i vrlcsclled preverations of thymi-
dinc (viridineg)
2(2‘)-5ammt—radiolysis ox 3H-labcllcd thynicdine (uriaine)
3(3 )=bete—zutirediclrsis of 3l-1abelled thyridine (uiidine)

G
0

externsl gamme-radigtion (curves 2,27) or with internel beta~-radi-
ation (3,3°) are leas sensitive toward irradiation than inactive
preparations of these substances, when irradiated under the same
conditions (1,17).

This difference evidently follows from the chemical nsture
of the irradiated samples, i.e. from different procedures used du-
ring the isolation end purification of active preparations, which

affects the purity of the supplied solutions (chromatographic pu-
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rification of active preparstions on peper, elution cf the corre-
sponding zones, etc.). A higher radietion sensitivity of inacti-

ve prepzrat.ons may be decreased by adding to its solution befo=~

re irradistion & sclution of tritiated seample. The higher was the
amount of the tritizted sample added, the more the sensitivity of
the inactive thymidine sample decrease, i.e. the vzlue of its ra-
diation loss Gi(—M) decreased., The same effect was achieved if a

solution of inactive thymidine prepared for irradiation, wes addi~
tioned instead of tritiated preperzticn only with ihe eluate of 2

pure chromatogrephic paper thrcugh which the sclvent system, uced
fcr the purification of active substences, had been run.

Hence, the rediaticn beheviour of tritisted preperaticns of
thymidine and uridine is evidently affected by the prescnce cf au-
mixtures, originating from the orevious workup of these rrepera-
tions., Thiese admixtures act as scuvengers of free rcuicals of wa-
ter, they prctect the molecules of the investigated substances,

and decrease the radiation Gi(-M) values.

Similaer results were cbtained if aqueous solutions of tritia-
ted preparations of thymidine zné¢ uridine prcduced by other firms
were externally gaemma-irradiated. It wes found thw. even these
tritiated preparations cre substantiallv more radiation recistent
thet inactive semiles of these substences irradicted under the sa-
me conditions.

In view of verious methods used for the isolation and puri-
ficetion of tritiated nucleozides curing thcir rreparation, the
amcunt and the quslity of the zdmixtures can be somewhet different
as well as their effect on the radiolytic degredestion of the in-

vestigeted substinces. This mey explein the differing results ob-
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o

teéined sometimes in the determinetion of Gi(-M) of the autoradic-
lysis of the stored tritieted preparstions in various laborato=-
ries, or wlsc in various batches.

From the obtesined results it follows, thet the radiolysis of
tritieted nucleocides irradiated in dilute solutions either by
externel or internal betz-radietion is distinctly affected by the
presence of acmixtures originaiing from the previous treatment of
tritiated prepcrations. Viith increasing concentraticn of nucleo-
siaes the scavenging function of edmixtures decreases. During
gemnic=reaiolysis of tritisted prepsretions the effect of admix-
tures is eliminated in our cese at a nucleoside concentration of
zbout S.IO-BM. From this concentraticn the value of the initial
rediction yields Gi(-M) in irradieted solutions of tritiated nu-
clecsides remeins constant (= 3), and the course of gamma-radio=
lysis of active and inactive preparations is practically equal,
Luring beta=-catoradiolysis stebilizetion ot Gi(—M) values takes
place at a concentrestion of stored solutions of tritiated nucleo-

sides of about 1072

M corresponding to the specific activity of
1l Ci/mmcl. The initial yield of asutoradiolytic decocmposition of
Gi(-M) attains in this case the value of about 4,5, A higher re~
sult - in comperison with a gamma-radiolytic decomposition = is
due evidently to the higher ionization density of the beta-radi-~

etion of tritium.

The mentioned circumstances must be borne in mind if we wish
to draw conclusions from the results of external radiolysis of in-
active samples on the radiastion stability of their tritiated pre-
parations. Only from the results of radiolysis of aqueous soluti-

ong of active and inactive nucleosides, beginning at a ‘5.10'3 -
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-2,- . . . .
1C “liconcertretion, cericin cornclusicns mey be drowr anc the ote

teined resulis cemrared. In very cilute seu;leg the colloe ©f Pa-

diclysis in these twec ceses iy cdifferent,
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