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(54) Isotope separat ion 

(57) 195mAu is separated from ,95mHg 
in a solution containing ions of 195mHg, 
wherein 195mAu is generated by 
radioactive decay ofthe 19SmHg, by 
contacting the solution with an 
adsorbing agent to adsorb the 19BmHg 

as Hg++ ions followed by elution of 
195mAu arising from said radioactive 
decay. 

The adsorbing agent is 3 - thio - 2 • 
hydroxypropyl - ether - Sepharose 
(R.T.M.); 195mAu may be prepared in 
this way in a medical isotope 
generator and is suitable for use in 
gamma-scan studies of heart action. 
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SPECIFICATION 
isotope separation 

This invention relates to the separation of 
195mAu from 195mHg in a solution containing ions 

5 of 19SmHg, wherein 195mAu is generated by 
radioactive decay of the 195mHg; the solution is 
contacted with an adsorbing agent to adsorb the 
195m as Hg + + ions followed by elution of 195mAu 
arising from said radioactive decay. 

10 Short-lived isotopes are required for gamma-
scan studies of heart action for at least two 
reasons: firstly, to permit increased radiation 
intensity whilst limiting the total radiation dose to 
the patient, and secondly, to enable repeated 

15 photographs to be taken under varying conditions 
in the same session. 99mTc has been used but has 
a half-life of 6 hours and is not entirely suitable. 
Suggestions have been made in the art that 
195mAu which has a half-life of 30.5 seconds and 

20 is obtained by the decay of 195mHg (half-life 40.5 
hours) would be suitable. Thus, 195mAu decays 
predominantly by emission of a 262-keV gamma 
ray which is ideal for detector systems presently 
used in gamma-scan studies. Reference should be 

25 made in the above respect to a paper by 
Leobowitz and Richards, Seminars in Nuclear 
Medicine, Vol. 4, No. 3 (July), 1974 pages 257 et 
seq entitled "Radionnclide Generator Systems" 
and to a paper by Y. Yano in Radiopharma-

30 ceuticals, Ed. Subramanian et al, Soc. Nuc. Med. 
Inc. N.Y. 1975, pages 236—245 entitled 
"Radionuclude Generators: Current and Future 
Applications in Nuclear Medicine". 

195mHg may readily be prepared by carrying 
35 out a p, 3n reaction on 197mAu using a variable 

energy cyclotron. 195mAu, arising from decay of 
the 195mHg, has to be separated rapidly and in a 
form suitable for the injection into the 
bloodstream if it is to be used for the above 

40 purpose. Bett R., Coleman G. L , Cuninghame J. 
G;, Sims H. E., Elliot A.T., Stone D. L. have 
described in Nuc. Med. Commun., 2 75 (1981) 
the use of vicinal dithiol cellulose (or VDTC) as an 
adsorbing agent to adsorb 196mHg as Hg++ ions 

45 from solution, followed by elution of 195mAu 
arising from radioactive decay of the 195mHg. The 
invention is concerned with such a separation but 
involving use of a different adsorbing agent. 

Thus, in a first aspect, the invention provides a 
50 method of separating 19SmAu from 195mHg in a 

solution containing ions of 195mHg, wherein the 
195mAu is generated by radioactive decay of the 
195mHg, which method comprises: 

(i) contacting the solution with 3-thiol-2-
55 hydroxypropyl-ether-Sepharose as adsorbing 

agent thereby to adsorb thereon from the 
solution the 195mHg as Hg++ ions; and 

(ii) eluting 195mAu arising from said radioactive 
decay from the adsorbing agent by means of 

60 an eluting solution containing an eluting 
agent therefor. 

The word "Sepharose" is a Registered Trade 
Mark. 

The adsorbing agent used in the invention has 

65 been found to have certain advantages over VDTC 
in the separation of 195mAu from 195mHg. Firstly, its 
elution efficiency is about twice that of VDTC as 
will be illustrated hereinafter and secondly, it is 
not so susceptible to radiation damage as VDTC. 

70 The invention enables ,95mAu to be separated 
effectively and sufficiently rapidly for it to be used 
in the above-mentioned gamma-scan studies. 
Thus, the invention may be utilised in an isotope 
generator, for example where 3-thiol-2-hydroxy~ 

7 5 propyl-ether-Sepharose which has been 
contacted with a solution as in step (i) and 
therefore has 195mHg adsorbed thereon is provided 
in a separating column and the column eluted as 
in step (ii). Such an isotope generator constitutes 

80 a second aspect of the invention. 
3-Thiol-2-hydroxypropyl-ether-Sepharose has 

the partial structure: 

Sepharose—0—CH2—CH0H—CH2SH 

and may readily be prepared by reduction, using 
85 methods known in the art, of 2-pyridyl disulphide 

hydroxypropyl-ether-Sepharose which is a mixed 
disulphide containing 2-thiopyridyl protecting 
groups linked to the Sepharose through a 
chemically stable ether linkage. Its partial 

90 structure is therefore: 

Sepharose-0-CH2-CHOH-CH2-S-S—(O/ 
N — 

and it is commercially available from Pharmacia 
Fine Chemicals Limited under the trade name of 
Thiopropyl-Sepharose 6B. In contrast, VCDT is 

95 not currently available commercially. 
A suitable eluting agent for use in step (ii) is 

CN~ ion, e.g. in the form of NaCN solution. The 
relatively high elution efficiency in step (ii) of the 
invention has the desirable effect of giving rise to 

100 an acceptably low CN" concentration in the 
product of step (ii). 

The starting solution used in step (i) may be 
prepared by firstly subjecting a gold foil target to 
treatment using a variable energy cyclotron when 

105 a p, 3n reaction takes place to give 195mHg and 
secondly, separating the Hg from the target by 
methods known in the art. A specific example of 
such a separation is provided hereinafter. 

A number of ways of carrying out the invention 
110 will now be described in detail below by way of 

example only. Reference will be made to the 
accompanying drawings in which Figure 1 is a 
graph of "Efficiency" against "Cyanide 
Concentration" and Figure 2 is a graph of 

115 "Efficiency" against "Elution Volume". The 
expressions in quotation marks'will be defined 
hereinafter. 

Example 
Separation of 195mHg from a Au target 

120 A gold foil target (0.5 g) which had been 
subjected to p, 3n reaction in a variable energy 
cyclotron was placed in concentrated HCI (15 ml) 
together with a Hg carrier (1 ml) in a flask. HN03 

(1—2 ml) was added with heating to dissolve the 
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Au. After dissolution was complete, the solution 
was boiled until brown fumes of N0 2 were no 
longer apparent. A small amount (1—2 ml) of 
concentrated HCI may be added to speed this 

5 process. 
The above solution was transferred to a 100 ml 

cylindrical separatory funnel, and the flask 
washed with portions of concentrated HCI to give 
a final volume which was double the original 

1 o volume and a solution of about 9M in HCI. 
An equal volume of amyl acetate was added 

and the Au extracted by means of vigorous 
stirring for a few minutes. The phases were 
separated, the funnel washed with a little amyl 

15 acetate, and the aqueous phase transferred back 
to the funnel, the flask being washed with fresh 
amyl acetate. This step was repeated three more 
times. 

Finally, the aqueous phase was scrubbed with 
20 an equal volume of hexane to remove traces of 

amyl acetate from the solution. The aqueous 
solution was boiled for a few minutes to remove 
traces of hexane to give a final solution of 
approximately 6M HCI. 

25 Separation of 19SmAu from 19BmHg 
Thiopropyl-Sepharose 6B (~80 kg; 0.2 ml) 

supplied by Pharmacia Fine Chemicals Limited 
was reduced to 3-thiol-2-hydroxypropyl-ether-
Sepharose using mercaptoacetic acid and the 

30 product washed with a mixture of acetic acid and 
sodium chloride solution to remove excess 
reducing agent. The washed product was 
contacted with the above 195mHg solution and the 
resulting material loaded into a glass column and 

35 washed with water. The 195mAu activity available 
on the column in equilibrium with the 195mHg was 
measured by means of a Nal single-channel y-ray 
spectrometer set to accept pulses in the 262-keV 
range. The y-rays detected arise almost 

40 exclusively from decay of 195mAu. 
An eluting solution comprising aqueous NaCN 

was added and the 195mAu activity in the eluant 
counted by the above method. 

The procedure was carried out using different 
45 eluting solution concentrations and using 

different eluting solution volumes. The results are 
summarised in the accompanying drawings. 

Referring to Figure 1, elution efficiency (the 
ratio of 195mAu activity in the eluant to the 19SmAu 

50 activity available on the column expressed as a 
percentage), referred to as "Efficiency" in the 

figure, is plotted against concentration of cyanide 
in the eluting solution, referred to an "Cyanide 
Concentration" in the figure. The small circles 

55 indicate actual values obtained. 
Referring to Figure 2, "Efficiency", defined as in 

Figure 1, is plotted against volume of eluting 
solution, referred to as "Elution Volume" in the 
figure. Two curves are shown: one for an eluting 

60 solution having a NaCN concentration of 2.5 mM 
and the other for an eluting solution having a 
NaCN concentration of 1 mM. The two curves are 
identified on the figure and small circles indicate 
actual values obtained. 

65 If desired, 80% ofthe 195mAu activity in the 
eluant can be injected into a patient in 0.4 ml 
thereof by discarding the first 0.2 ml. 
Contamination of the eluant by 195mHg was found 
to be <0.01%. 

70 Radiation damage to the column may be 
eliminated by storing it, when not in use, under 
2.5 mM NaCN solution containing a radical 
scavenger such as 2% NaN03. Before the column 
is used, the NaN03 is removed therefrom by 

75 flushing with 10 ml of 2.5 mM NaCN solution. 

Claims 
1. A method of separating 195mAu from 195mHg 

in a solution containing ions of 195mHg, wherein 
195mAu is generated by radioactive decay of the 

80 195mHg, which method comprises: 
(i) contacting the solution with 3-thiol-2-

hydroxypropyl-ether-Sepharose as adsorbing 
agent thereby to adsorb thereon from the 
solution the 195mHg as Hg++ ions; and 

85 (ii) eluting 195mAu arising from said radioactive 
decay from the adsorbing agent by means of 
an eluting solution containing an eluting 
agent therefore. 

2. A method according to claim 1 wherein the 
90 eluting agent is CN~ ion. 

3. A method of separating 195mAu from ,95mHg 
in a solution containing ions of 195mHg, wherein 
195mAu is generated by radioactive decay of 
195mHg, substantially as described herein with 

95 reference to any of the experiments in the 
example. 

4.195mAu separated from 195mHg by a method 
according to any of the preceding claims. 

5. An isotope generator for generating 195mAu 
100 comprising a separating column containing 3-

thiol-2-hydroxypropyl-ether-Sepharose having 
195mHg adsorbed thereon. 
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