
"'... ~.:,

>.. '.~ .

: ~.

:.:" .

. ,-..

·~.



':'3.~.r •• . 'JY1f'/'. ~ .• ; .. .,,: ..~; ... \i;-:";
'J'-:.. 

':~ ... 

.
.", . 

:\: 
O-DJE .., .039.3n ....,,' . 

1niJftOlfDI'J'tljillrlwGf,DD tal IOIDIOI ~1Oit ~Nr.· .. 
'YII.'SiPWtmROI "~~ 64 '1 t"Q.I\Ji'~~' IUP 

19-94/. . < • , ': ' :,' .' 

'.M.-obe-l. 1.lI'ud1a~I~"'.lrinif;~Ii.n.oft .. a. t .~~~ 

:' '.' 

,\ 
. ~. method 'ior ,.tmul.tanequs.~t1on oieopPe~ aDd.' 

co~1t-55 1~!1e8Cr1bed. An:tiRproTed pl-oCeelurefor 'l'8~110 Cbele1cai " 
. •epar:aUon of rad1onucli<1e'1'8U8P~ted.!he procMui-e pJ;OT1lt88 

,.' 

'. 
: "'. 

let... 6 \. 

), 

, , 



INTRODUCTION 

Th1s work 1s a part or a larger scheme with the a,1m ot 

t1nd1ng. ways to produce rad1onuo11des for pOs1tron em1ss1on 

tODlOgl"apllY (PEr) and w1~ the follOW1ng cr1ter1as: 

- Half-l1ves of several hours in order to allow tor kinet1c 

studies of fairly slow phySiological processes (11ke the upt~ 

and c11stribut1on or antibodies). 

-Stable labelling procedures of organ1c molecules should.·be 

poSSible (e.g. covalent or cehelat1ng techniques). 

-Product1on should be poss1ble at low energy accelerators 

commonly used in context w1th PET (below 20 leV protons. 

preferably at 12-16 leV) 
'. 

11thin the framework or this pro~ product1on methods of 

41-1 (T1/ 2= 3.09 hoUrS). 61 eu <T 1/ 2 =3,4 hours), 16 Br (T lIZ=16 

hours). 110m (T1/2-69 min) has been stud1ec1~ 

Cobalt and copper isotopes are mOwn to be gooo. Chelators 
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and. can eas1ly be used to label large b10-molecules ~ Co has been 

used tor the labell1ng ot e.g. bleom1cin. cyanocobolam:1ne and 

ant1bod1es tor d1agnost1c purpose (1. 2.3]. •A . spec1t~c 1nterest 

tor 64eu-labelled antIbod1es 18 alsO>. tor 1n v1vo dos1metry 1n 

context with rad101Jllrnmotheraphy with 67CU £4J. The physical 

characteristicstor 5500 and 64eu 1s g1venbelOW 

Table 1. Physical properties ot 5500 .and 64CU 

Nuclide 

Halt-lite 12.7 hOurs 17.53 hours 

lode ot deCaY ~- 391/0.578 leV ~+ 17S. 1.5 MeV 

~+19S/1 .67 MeV EO 4:11 

EO 42S 

G8D1D8 energies 1.346 (0.48S) 0.4.77 (20 ..21) 

(MeV) 0.931 (75S) 

1.4.08 (16.9S) 

A chemical separat10n method described in the lltterawre 

{51 tor 55eo was uaed and mod1t1ed 1n o~r to s1mplltr and to 

avoId manual work With strongly radioactive targets. For the 

separation ot 64eu we app11ed an extract10n tecbniquew1th 

d1th1Zone. earlIer app11ed in the separation at copper !rom z1nk 

(6 J. and With good reSUlts. 

MATERIAL AND omons 
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Targets of natural nickel nth a chemical purity of. 99.951 

was used. Two foils (0.25 DItl thick and with a, diameter ot 8 DID) 

were irradiated at a small cyclotron (11017. Scanditronix AB, 

Uppsala) at the Uppsala P~-Oentre. Proton energy on target was 

16.2 .eV. 

:Por the analysis of the radioactivity of different 

rad10nuclides 1n the target. as well as in diff.erent fractions 

during the separation procedure an ultra pure germanium detector, 

conected to a PO-based multi--ch8nnel analyzer.waB used. 

Analysis of. labelled proteins' was carried out using HPLC 

(Column-GF-250, ,eluent -0,1 • phosphate butfer (pH 7.0». 

SEPARATION TEOHNIQtm3 AND RESULTS 

D1ssolvtng of Ni target. 

Irrac11ate<i N1- targets were 'dissolved 1n m1n1mal amount 

of boil~d aqua regia~ To remove any traces of nitric, acid, the 

solution was evaporated todr;Vness. The remnant was taken up 

in 2· ml of concentrated hydrochlor1c acid andevaporated to 

~ess .8B81n. The last proce4ure was repeated two t:tmes. 

Dissolving or the target andremovtng or nitr10 acid takes 

about 40-60 minUtes. 

SeParation of 64OU. 

Since 640u 1s practically a pure positron emitter and has no 

spec1f1c gamna linem, it 1s rather difficUlt to est1m8te its 

amount in a crude solut1on,. containing several positron emitting 

nuclides. Due to this reason 61 Cu was chosen for the ,assessment 

of copper'recovery. Thus, the experimental work was carried out 8 
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hoUrs atter irradiation. betore th, decay or th1s isotope. For 

the est1mation at purif1cation!rom nickel, the isotope 5TH1 

was "chosen. 

Nickel chloride. contalo1ng isotopes ot cobalt and copper 

was taken up in 3 ml 0,1 "Bel and transferred into test tUbe. 

3 ml at treshlY prepared o;ocn S ditll1Zone solution 10 OC14 was 

added into the test tube. Content· or test tube was st1rred. 

during • 3 min. Atter the st1rring and phase separation the 

organic phase (lower layer) was transferred into an other test 

tube. The extraction was carried out twice. The organic 

tractions were collected and washed tWice With 3 ml at 0,1 K HCI 

to remove any traces ot nickel and cobalt isotopes. 

Copper isotopes were reextracted quantitatively via 3 

minutes long stirring with 6 K HCI. To get rid ot 

d1thiZone traces, the solution was washed with 3 ml ot C014• 

Only peeks ot 61 au and 64Cu were seen 10 the grmma-apectrum 

ot the tinal product. 

The solution was evaporated to dryness and rad1ocopper was 

red1ssolv.ed 10 hYdrochloric acid With desirable molarity. 

The described procedure took about 40 minUtes (starting 

trom dry nickel chloride). Average yield ot 61 Cu was about 

95~ (decay COITec ted) . 

Separation ot 5500 • 

In order to study the influence upon cobalt separation, 

this procedure was carried out without and with pr1.mary copper 

extraction. When no Cu-sepSfStion was carried out, dry niokel 
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chloride conta1n1ng cobalt an4 copper isotopes 1188 d1sso1ved 

in ~ ml .ot 10 • BCI. In order to redUce copper to· oX1~tion state 

(1 ). 2ml ot 21 solution of Snc~ 1n 10 If bydrochlori.c acid 

were added. Then the .solution was loaded on the top of the 

lon-exchange column (AG 1%8. 100-200 mesh. 2 ml). Nickel and 

copper passed the column wlthout reten~ion. The column was· 

add!tiOnally washed With 5 ml 10 If HCI atter wh1ch the gaDID8 

spectrum ot the column was taken. 

The spectrum showed. no trace or gaDID8- lines'or mckel and 

copper isotopes. 

Cobalt was eluted !rom the column w1th 5 ml. ot .0.05 I( HOL 

Total yield ot cobalt separation was 10 the level ot SOS. but the 

eluate conta1ned certain amounts of Sn. By ad;JusUng or pH value 

tor label1ng. the Un ~8B hydrolized and precipitated. ,About 50 " 

ot cobalt activity coprecipitated with tin. 

When a prel1m1na.rY copper extraction was made the nickel 

chloride solution conta1n1ng rad1ocobal t was additionally shaken 

three t1mes with 0.001S solution ot d1th1Zone in carbon 

tetrachloride. G8111D8-spectrum or acidic solution shows no peeks 

ot copper isotopes. To get rid ot d.1thiZone traces. the 

solution was washed With 3 ml or 0014" 

Atter the remov1ng ot copper the water phase was evaporated
 

to dryness anet the remnant was redissolved 1n 3ml ot 10 If HOI.
 

-, Th1s solutlon passed. through· tlle ion-exchange column (AG 1xB,
 
I 

100-200 mesh. 2 ml). preconditioned With 10 II HOI. Column was 

ad.<11tionally washed W1th 5 ml 10 II HGI. Cobalt Isotopes were 

eluted tram column With 5 ml ot O,OS I( HOI. Eluate was 
evaporated to d.:ryness. Co was red1ss01ve<:lin hydrochloric acid 
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.1th des1rable molarity. 

This procedure took 35-40 mtnutes. The yield ot separation 

18 801. No d1t1erenceswere, obsened 1n the ion-exchange 

behaVior 01 cobalt in the two. separation met~. 

At the described 1rrad.1at1on conditions 00-55 eonta1ned 

0.831 or 00-57. 

Labeling ofdeXtrane witll 5500 and 64eu• 

Produced. nuclides were used tor the labell1n$ of dextrane 

with attached tb1osem1carbaZicle groups. which served as a IIlOdel 

compolmd tor label1ng proeed1.1r8. 

Y1eld ot labell1ng was 1nc1ependent on reaction t1Jlie (in t1me 

span 20 - 120 m1nutes) but showed strong c1epenc1Efnce on pH 

value ot react10n m1Xture. .Opt1mal cond1tions were as described 

below. 

Into 20 m1.croliters ot solut10n~ contain1ng 2 mglml ot 

deXtrane w1th 51 Of,-' 4-methYltM;osemicarbaz1d.e groUPS. 200 

microliters or boratebutrer (pH 9.0) anr125 IBq or CO-55 in' 20 

mkl or 0.01 Il BCI was 8ctct.ed. P1nal ~ value ot. solution was 

8.5. Analyses were carried outatter 20.min- 2 hours long 

incubaUon at 25 C. 

Into 20 microliters of solution contatning 2 m@lml ot 

dextrane w1th Slot '-methYl thiosem1carbazide groups ~ 200 

m1crol1ters at acetatel:nl!ter (pH 5.6) and 2~ IIBq at Cu-64 in 20 

mkl or 0.. 01 I( BOI were adl1ed. P1nal pH value of solution was 

5.3. Analyses "ere carr1ed. out a!ter 20 m1n:- 2 hours long· 

.:'"1ncubatlon at 25 C. 

• 

• 
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Yieldot label1ng undsr these coric11tions amounts to 80S tor 

64eu and 92S tor 5500 • 
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