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Abstract 

Rubidium- 82 decays by positron emis sian with a haH-life of 

80 sec, and is the daughter of 25-'day strontiurn-82. The 82 Rb can be 

rapidly eluted from the parent by passing amrnonium acetate solution 

through a suitable ion- exchange column. In dogs and'rabbits, the 

myocardium_ is strongly labeled by infusing the eluted isotope into a 

vein for about 1 min, waiting for 2 min, and then starting an exposure 
\ 

with the positron came ra that lasts until the isotope has es sentially de-

cayed. A relatively high uptake is obtained in heart muscle compared 

with skeletal mus cle, and the positron came ra yields an excellent 

inlage of the heart. The re is little concentration of the isotope in any 

other organs except for the kidneys, which also exhibit a high uptake 

of the isotope. 
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Introduction 

Rubidiurn and potassiurn are chemically related elements in 

the alkali metals group of the periodic table, The behavior of rubidiuDi-

86 and potassium-42 under biological conditions has been reported to be 

very similar (1, 2), Furthe rrnore it has been reported that the myo

cardial uptake of 86Rb after intravenous infusion is related to the rate 

of blood flow through the myocardium (3,4), 84Rb, a positron- emitting 

isotope, has been used with coincidence y- ray detection for the deter-

D1ination of coronary blood flo'll in D1an (5), Hov.:ever, because of its 

84 
relatively long half-life of 33 days and its high cost, Rb presents dis-

advantages for coronary blood flow studies, 

. 82 
Rb has physical characteristics that are desirable for visual-

ization of deep-lying,organs. Its very short half-life offers lower radi-

ation exposure, the possibility of quick repeat studies to obtain several 

views (6), and apparently very selective uptake of the isotope in the myo-

cardium. It has a hal£:-life of 80 sec and decays 96% of the time by 

positron emission \vith a maximum energy of 3.15 MeV. The positron 

is accompanied by a 0.77-MeV y ray (9.0% a.bundant) to the ground state 

of krypton- 82 (7). 

82 Rb is produced continuously by decay of the parent isotope 

strontium-82, which decays by electron capture with a half-life of 25 

d Wh 8 2~. . d . h 1 8 2 Rb' b ays. en ~r IS retalne on an 10n- exc ange co urnn, can e 

milked from the radioisotope generator every 10 to 15 min. Because it 

is a positron emitter,' it allows use of the positron scintillation camera 

with its high sensitivity and excellent irnage-forn1ing characteristics 
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for deep-lying organs (8). 

Mate rials and Methods 

The parent isotope 82Sr has been produced by two different 

nuclear reactions with the 88-inch cyclotron ,available at the Lawrence 

80 ' 
Radiation Laboratory in Berkeley. The first method uses the Kr(Q',2n) 

82Sr nuclear reaction with a threshold energy of about 14 MeV. Natural 

Kr gas, 2.270/0 abundant in 80Kr , is placed in a water-cooled gas target 

vessel and irradiated with 25-MeV Q' particles through a O.001-in. alu-

minurrl foil 'Nindow. The amount of beam. current delivered to the Kr 

gas is limited because of the increase in pressure within the target vessel 

during irradiation. 
82 . 

Although Sr was produced in sufficient quantities to 

allow study of the chemical separation of 82 Rb from an ion- exchange col

umn, it appears that sufficient yields of 82 Rb for clinical applications 

. 80 
will be difficult to produce even \vith the use of an enriched Kr gas 

I 80 
target. The highest enrichment now available is 37.70/0 Kr at a cost of 

$ 6.10 per ml. Because of the high cost and technical difficulties in ir-

d ' t' 80 K ra la lng r, 
< • 82 . 85 82 
a second method of Sr productIOn by the Rb(p, 4n) Sr 

nuclear reaction was investigated. The threshold energy for this reaction 

is about 33 MeV. 

Naturally occurring Rb as RbCl, 72.15% abundant in 85 Rb , is 

irradiated with 45-MeV protons through a 0.005-in. Al cover foil. One 

and eight hundredths g of RbCl,equivalent to SSO mg of 85 Rb , is pro:ssed 

into a powder target to a depth of 0.100 in. With a 2-hr irradiation de-

livering 20fJA,. -hr of beam., about 870 f.LCi of 82Sr is recovered, which 

gives an adequate yield of 82 Rb for visualization of the heart in dogs with 

the positron camera. 
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Both methods of 82Sr production also produce large quantities 

of 83Sr with a half-life of 33 hr, which decays by positron emis sion to 

the active daughter 83 Rb . 83 Rb with a half-life of 83 days decays prin

cipally by emission of 0.53-MeV" ray (93% abundant) to the ground 

83 state of Kr(7). By waiting 7 to 10 days after irradiation to allow most 

83 83 
of the Sr to decay to Rb, it is pos sible to recover nearly all of the 

83 . 82 82 
Rb in the first few elutions from the Sr- Rb generator. Subsequent 

elutions from the generator contain only the 80- sec 82 Rb . 

Chemistry and Ion-Exchange Column 

The irradiated RbCl target material containing 82Sr is washed 

from the powder plate into an Erlenmeyer flask with about 15 ml of H
2
0. 

This solution is adjusted to pH 7 to 8 with a few drops of 0.1 N NH40H 

and made 0.3 M in aimnonium acetate (NH
4

C
2

H
3

0
2

). The 82Sr solution 

is placed on weakly acidic cation- exchange resin containing carboxylic 

acid exchange groups, which is available as Bio- Rex 70 from Bio- Rad 

Laboratories . 

. A specially constructed ion- exchange column is made of Py rex 

glass 11 m.m. i. d. and 60 mm high, \vhich is fitted with Luer-lock con-

nections at the top and bottom .. 

Bio- Rex 70 of 100 to 200-mesh particle size is slurried into the 

ion-exchange column and washed \vith 0.3 M NH
4

C
2

H
3

0
2

. The resin 

column is connected to a 20-ml syringe \.\-hich is automatically filled 

from an eluant reservoir and emptied through the isotope generator by 

an electric motor drive and autonl.atic bvo-\.vay valve, as shown in Fig. 1. 

With this automatic elution system, controlled flo\\7 of the eluant solution 
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under sterile conditions is achieved through a closed system. It is then 

possible to deliver very-short-lived isotopes from an isotope generator 

directly for intravenous infusion. The flow rate of the eluant is set at 

0.33 ml/ sec to allow for resistance to flow from the ion- exchange resin 

and yet deliver 82 Rb to the desired site before it has decayed away. As 

the eluate comes from the column it is delivered through intramedic 

polyethylene tubing of about 0.030 in. i. d. to a sterile three-way valve 

and Millipore filter into an intravenous catheter. 

The separation of 82 Rb from 82S r on Bio- Rex 70 is sinlilar to 

that reported by Huff and or Brien for the separation of
84

Rb from an en-

riched strontium target (9). 

As a radioisotope generator this ion- exchange system is sub-

jected to repeated elutions with a cumulatively larger volume of elua:nt. 

The leakage of 82Sr will tend to -increase as the separation factor of 

82 82 4 2 
Rb frOln Sr decreases frorn 10 . to about 10 . Present studies 

indicate that a total volume of about 400 fill of 0.3 M NH
4

C
2

H
3

0
2 

can 

be safely put through the re sin column without significant breakthrough 

82 - . 82· 
of Sr to contaminate the Rb eluate. 

The yield of 82 Rb activity as a function of NH
4

C
2

H
3

0
2 

concen

tration is given in Table I. This data was obtained from a generator 

1 82 /, 
containing 35 of the Sr on a full strength generator. Also 5ho\vn is 

th' 825 t" r , l' f 82 Rb - h .loTt e . r con amlnat~on Lor eacn e utlon 0- troIn t e generator. 

can be seen that elution \\-ithZO ml ofOA _0/1 NH
4

C
2

H
3

0
2 

solution gives a 

very good recovery of 82 Rb (72.5%) \vith less than 2.0X-10- 2 0/0 82Sr con

tam.ination, or about 0.02 f.LCi of 82Sr for 100 f.LCi of 82 Rb . 
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Table 1. Elution yields of 82 Rb and 82S r contamination 
for various concentrations of NH4 C 2 H 30 2 . 

82Sr NH
4

C
2

H
3

0
2 

82 
Yield 

82 ' 
on Rb for Sr for 

Column 20 ml Elution 8~b 20 ml Elution 
(/-lCi) Molarity '( /-lCi) ( 0 (o/~ 

24 0.15 3.43 14.3 <2X10- 2 

24 0.20 8.35 34.8 <2X10- 2 

24 0.30 13.4 55.9 < 2X 10- 2 

24 0.40 17.4 72.5 <2X10- 2 

. Depending upon the toxicity of NH
4

C
2

H
3

0
2 

solution, ,the best 

concentration of the eluant should be as close to 0.4 molar as possible. 

Figure 2 shows the decay curve for a typical elution of 82 Rb . 

The radio-activity increases to a maximum and then decays with a con-

stant half-life through at least nine half-lives. 

Results and Discus sion 

82 Rb obtained from. the radioisotope generator was used in a 

series of animal experiments with rats, rabbits, and dogs. In each 

case 82 Rb was given by intravenous infusion. from the pressurized ion-

exchange column at a, flo"v rate of 0.33 mV sec. The clearance of radio-

activity from the blood and uptake in specific organs was followed by 

sequence exposures with the positron scintillation camera. 

Two ml of 0.15 MNHC ZH 30
Z 

,vas used/or elution of 82 Rb for 

a series of pictures of the rat. At 30 sec after injection of the isotope, 
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82 Rb activity can be seen in the general circulation. After 1 min 82 Rb 

is taken up by the kidneys and heart, wh'e re it is probably concentrated 

in the Inyocardium .. 

In the rabbit an infusion of 10mlofO.15 M NH4 C
2

H30 2 ledtoFig. 3, 

which is a posterior view. 82 Rb accuInulation can be seen i~ the heart 

and kidneys within 2 min after injection of the activity. The picture was 

exposed for 1 min. 

82 
In the dog an infusion of 10 ml of 0.3 M NH

4
C

2
H

3
0 2 and Rb 

solution was given. The left lateral vie,v of the chest area, beginning 

2.5 .Inin after infusion and exposed for 9.5 nlin denlonstrates localization 

of 82Rb qzH
3

0
2 

in the myocardium, as shown in Fig .. 4. This time of 

2.5 min for clearance of 82 R1=1 from the circulation and uptake by the 

Inyocardiurn was established by ta~irig a series of pictures inlrnediately 

after infusion of the 82Rbactivity. In pictures froITl 15 to 60 sec after 

infusion of 82 Rb most of the 82 Rb is seen in the general circulation. In 

th t k f 60 t 120 82 Rb . 1 1" . h d' ose a -en rom· 0 sec 1S seen oca 1zlng 1n t e myocar 1UITl. 

In those taken from 120 to 210 sec there is more activity in the myocar-

diuIn and les s in the circulation. 

Another PQ~sible use for 82 Rb would be the visualization of the 

kidneys,~hich rapidly clear Rb from the blOod during a single circula

tory transit, as denlOnstrated by the detection of renal arterial stenosis 

in hypertension ,vith radioactive rubidium (9). Furtherrnore Blandy 

86 et al. have shoi,vn that uptake of Rb by the kidney is at a peak within 2 

min after injection. Within 1 to 2 min the concentration of radioactivity 

by the kidneys is more than ten times that in the blood, liver, or muscle 

(11) • 
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Summary 

From the preliminary work done with the 82Sr_ 82 Rb generator 

system in animals it appears that 82 Rb may prove to be of value in vi~ 

sualizing the myocardium and kidneys. It is fortunate that the 80-sec 

half-life of 82 Rb is long enough to allow clearance from the blood and 

still permit visualization of uptake in these organs. 

The radiation dose to the heart and kidneys is calculated to be 

les s than 100 rn.rad for 100 fJ.Ci of 82 Rb. The whole- body radiation ex-

posure is less than 2 nirad. 

Further development of the ion- exchange syst'em'ma.y allow 

more suitable eluant solutions to be used. It is expected that important 

clinical applications of this new isotope \vill soon bedevelop-ed. 
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Figure Legends 

" 

Fig. 1. An automatic elution system foriritrave'nous infusion of 82Rb 

asa sterile solution from an isotope generator. 

Fig. 2. 
" 82 ' 82 

Decay curve for Rb obtained by milking a Sr generator 

with 0.15 M NH
4

C
2

H
3
0

2
. 

Fig. 3. Posterior view of 82 Rb C
2

H
3

0
2 

distribution in the rabbit. 

Fig. 4. 82 Rb t:' k b th d" d' , up a eye myocar IUn1. In ogs. 
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a. Low-high speed range 
h. Variac control ci'l:d 
c. Forward-reverse control 

Motor cut-off switch 

Ion exchange column inside 
2 "lead shield 
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Bodine speed reducer motor 
1/50 hp. 1725 rpm: 96 rpm 
7.5 lbs. torque 

Fi g. 1 

0.3 M NH,C,H"O, 

Sliding holder for 
syringe plunger control 

Automatic 2-way valve 
from 20-ml central syringe 

__ ---- to ion exchange column and 
reservoir 

3-way stopcock for mixing and infusion 

OBI. 670·1840 
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82 Rb DECAY 

10
4 

10
3 
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o 2 4 6 8 

Minutes 

Fig. 2 

10 14 

DBL 670~1839 
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XBB 678- 4886 

Fig. 3 
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XBB 679-5637 

Fig. 4 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com· 
m1ss10n, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission. or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






