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Abstract

The-rapid:development,of diagnostic nuclear medicine has been

stimulated by the advances in instrumentation and in radionuclide

3

generator systems. Generator produced radionuclides provide a high
flug 6f useful photons from short-lived ragionQClides which are éon—
veniently and'ecpﬁomiéally obtained from their lohg—liVed pérent iso—
toéeé. A number of raaiqnuciide generators aré_possiblé} howeverionly-

a limited number are useful for scintigraphy.

Developments in the 99mTc generator, either solvent extraction

or alumina column, are presented together with some results of radio-

. _ _ . ‘ . 99m, - .
pharmaceutical preparations using TcO4 from various sources.

Develdpments/in the ll3mIn and 87er'generatofs”as well as other -

.less used generators are presented. Ultra—shért—lived radionuclides

‘such as l37mBa, 128Cs, 82Rb and 191m

Ir are discussed and their appli-
cabi;ity éo blood flow studies are presénfed.

?he use éf high energy proton beams at thejBLIP and LAMPF fécil—,
. ities to produéé curie amounts of parént radionuclideéh which are now
"difficult to obﬁain, could aid in the developmeht of ultra—éhort—livéd

.radionuclide generator systems.



Introduction

Nuclear medicine has experienced a rathéf phenomenal growth rate
in avperiod of less than 15 years since the deéelopment of scanners
~and scintillatién cameras (1,2). They brought with thgm a neea for
radionuclides that are readily available and yet provide a high photon
flux while delivering a loQ radiation dose- to thézpatient. The use-
fulness of a‘radionuclide.generator to accompiish this task can be
seeh.from Table.i, which relatés the'radiation.dOSe'of various radio-
nuclides to their half lives. The relative rédiatiop dose factor
.%D.F.)vis shOwﬁ to be primarily half life-dependéht and a compariéon
is made to relatevﬁhe_D.F. of various médically useful radionuclides
to tHe D.f.‘of 99Mpc.  The D.F. calculated as: |
. D.F. = Ifkﬁj_+ f(e™) x y (mev) ] x Tl/z(sec)
", £ = Fréction/dis, E = avg Btmev |
' f(e) = Fraction interhal conversion

y(mév) = gamma energy MeV '

Tl/z(sec) = half life of radionuclide,

will be referred to later in the papef.

| /Fortunateiy'prégress was being made in'thé field of radioisdtope
generators by Stang, Greene, Tucker, RichardS'énd others at Brook—i
haven National Laboratories (BNL) in the earlyvi950's (3-8). From
their work and.that‘of others it became appareht that radioisotope gen;
erators woﬁld,érovide the radionuclides needed fof diagnostic imaging

| with the hewiy developed instruments for SCintigréphy.

. A number'of'highly infdrmativp reviews and_symposiuﬁ proceedings
(7-11,15)vhavé been publishedﬁwhich'déscribe the function, puréose and

application of generator produced radionuclides in Nuclear Medicine.

This paper will deal briefly with the historical development of
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radionuclide generators. It will cover recent progress in the more

'readlly utilized generator systems: and it w1ll look at some future
applications of ultra-short-lived 1sot0pe generators.

" Some of the radionucllde generators thatlhave been developed or
proposed for use in nuclear<ﬁedicine are listedfin Table'II, It is
readily apparent that from a list of.twenty-seven potentially useful
generator systems only a llmlted nurnber have been used in nuclear med-

99m 113m ’

~icine, and of these only two, Tc and
A : ;

-

In have found w1despread
napplications.i Of_these two generators only 9~9'mTc is unlquely suited

for its predominant role in scintigraphy.

Technetium-99m )

C » . .99 . '
Technetium-99m (Ll/z 6 hr) is the daughter of Mo (Tl/2 57 hr).

The half llves of daughter and parent 1sotopes pernlt milkings every
few hours;whlle prov1d1ng a useful generator,llfe of at' least one week
for 99 Mo. The'l40 keV photon emission of ggnlc is readily colllnated

and efflc1ently detected (about 90%) w1th the sc1ntlllatlon camera

(12) :
. . ... 99m_ 99 e e
'The introduction of the Tc-""Mo. generator to nuclear medicine
by Richards (13,14) and the use of 99mTcO4 and - 99nTczs7 for in vivo

imaging by Harper (15,16) provided the nearlyvideal radionuclide for

sc1ntlgraphy with respect to the phy51cal characterlstlcs, such as

energy, half life, etc. The hlgh flux of useful photons from 99mTc

-t

was a significant factor in the rapid development of nuclear med1c1ne.

The commercially available 99m Tc generators have not changed sig-

nificantly from the early BNL generators. Howeyer, commercial sup-

pliers have improved the quality of the elution product (i.e. lower

alumina leakage), simplified and automated the_elution procedure
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to provide a'sterile‘produot and increased the shieldin§lfor radia-

tion protection. Fission 9o was used in the early 99y generators

produced at BNL. However, as commercial suppliers entered the gener-

ator field and as the demand for 99Mo increased there was a change to

9940 obtained by ‘the 9gMo (n,y)ggMo reaction.

Recently there has been a renewed interest in fission produced

99Mo to obtainvhigh specific activity 99mTo.' Carrier-free fission

| 99, i ' 98116

Mo can be retained on smaller columns of alumina than can the
neutron activated'99Mo which requires larger Volumes of alumiha to
prevent 99Mo breakthrough. Thus smaller elution volumes are required

) 99m

for fission 99Mo“generators and the specific activity of the Tc

can be increased by a factor of 3 or 4. Howeverj the possibilities
99

of radionuclidic contamination by other than Mojbreakthrough are

increased because other fission produced radionuclides such as 103Ru,
. . b ) . ’ . |

1311, and 132Te are present (17).

“

In recent years there has also been a resurgence of interest in

the methyl ethyl -ketone  (MEK) extractlon of 99mTc fron basic 99Mo-

molybdate solutlon. Several of the larger medlcal ‘and research cen-

ters (18,19) and a commercially available automated extractor (20) are

prOV1d1ng MEK extracted 99mTcO4- in the dry form. Most of the "ins-

tant" 9 mTc suoplled by radlopharmaceutlcal companles are obtained by
MEK extraction and some are obtained by subllmatlon.

Methyl—etth -ketone extraction of ngc offers the advantages of
economy (i.e.,buying only the 99Mo-molybdate solution), controlled

specific activity by‘adding the desired volume of: saline to the dry

99m.

TcO lower alumina contamination by a factor of 4 or 5 and lower

4’
9?Mo breakthrough by a factor of 100 (21). Low specific activity

99Mo, which can not be used for the alumina column generator, can be

il
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used for the MEK extraction procedures.

The‘éﬁailébility of 99nTcO4 from a variety. of sources requlres

~.

‘that some evaluatlon be made of the labellng efflclency and 1n vivo

distribution of radlopharmaceutlcal preparatlons-made w1th 99n O4

obtalned from alumlna column generators,‘commerc1al suppllers of
"instant" gngc and from "1n—house" MEK extractlon. Bardfield (22)
has shown significant variations .in the 9'91\-10 content of "instant"

99 ' .
mTc from commercial sources.

~

Technetium colloid and human serum albumin labeled with 99mTc from

s 99m -
various sources of “TcQ,

Tecﬁnetium—99m sulfur colloid and 99%c—tin’celloid were pre-

pared by using three commercially available colloid kits (NEN, SQB

9ng(.O4 obtained from alumina generator with 0.9% saline

99m,_

and MPI) ahd

(NEN, MKDT), "instant" TC (MPI MEK extracted) and automated MEK-

3

TEK extractor. The41abeling-efficiency was determined by ascending
paper chfomategraphy.using Whatman #1 paper and“80%'methanql. These
results are shown in Table III. The labeling efficiencyfranged from

83.6% for NEN-I kit and NEN 99Mrc0, to 99.7% for MPI kit with MPI

4.
99mTco or with MEK-TEK > Mrc 0y-

Technetlum colloid obtained from these preparatlons were injec-
ted in rats and the per cent uptake of the injected act1v1ty’1n var-
ious organs wae determined 20 minutes post i.v;eedminis;ragion. The
results of theSe studies ﬁhich'include the livef.t0'luné‘uptake iatio
~are shown in Table IV._ It shows that the livef‘uptake ranged from "
67.8 per cent tq 91.6 per cent and that the liver'to’lung'ratio
ranged from 32.1 to 183. There was cons1derable varlatlon w1th1n an

individual suppller s c01101d kit 99mTcO4 preparatlon as well as sim-



‘ilar variations anong the different "kits" and

- . for

99

‘ lecting the source of the

. oxide and the 1.7 h half life

-5—
}?ngcO4; combinations
of prepaéégiqn. ‘Variations in the quality of éngczs7 from "kit"
preparations wére reported earlier by Tubis (23). e

The results ih Table IV are not intended as an evaluation of the
supériority of any particular kit or 99mTcO4 supplier to any other,
but merely to_poin? to the problems inherent iﬁ maintaining ; consis-

tent.pfeparation within the‘laboratory. Similar results and conclu-

sions can be obtained from Table V showing the labeling efficiency

99mTc—humah serum albumin using the electrolyfic method of Ben-

jamin (24). This method appears to be sensitivé‘to the quality of

?9mTcO " and it shows a wide variability of labeling efficiency with

4

‘ "Tco, obtained from (1) Al,0, 99m
MEK-TEK ektractor.\ These results indicate a meén labeling effiéiency
of 63.4% ﬁrom alumina generator 9ngéO4, 28.6 to 44.6% from commer-
"inséapt" 99mTc and 80;7%'frombME(—Tﬁk extrégted 99mTcO4{

column,'(2)/"instént" Tc and (3)

cial
It is evident that careful consideration should be given in se-

99mTcO4—

obtained from labeling experiments,

if meaningful results are to be

Other radionuclide generators that have been or are being used
113m;  113o  87mg, 87, . - 68 68,

a

in nuclear medicine include ’ e.

Of these generator systems the 1l3In generator has been the most use-
ful. S " C -

Indidm—ll3m‘genérator

The indium-113m~-tin 113 generator was introduced in 1966 by
Stern (25). Tin 113 (T 115 d) 1is rétained‘bn hydrous zirconium

113m

1/2 »
In is milked from the generator
113,

-

with 0.05 M HCl; Because of the long half lifevof the parent,

N
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this generator system is useful in terns of supplylng radlonuclldes

- -

:to areas that are ‘remotely located from a radlonucllde production fa--

c111ty. Although the 393 keV photon of ll3nIn is somewhat hlgh for

use with the scintillation camera, the long half-life parent makes

this generator economical and convenieﬁt for underdeveloped areas (26).

V-The cheﬁistry'Of ll3nIﬁ is adaptable to the preparatlon of radlophar-

maceutlcals for 1mag1ng lungs; llver, brain tumors and kldneys (-27) .
Indium-113m also readlly labels transferrin to prov1dela useful agent
for blood pool, cardiac and CSF studies (25,28)i In the case bf_CSF

studies, however, the reiatively short 1.7 h half life of ll3th could

" be a factor limiting its usefulness. .The immediate and strong binding

of ll3mIn to transferrin when it is admihistered intravendusly in an

acid medium makes 113nIn useful as a blood pool label for monltorlng

cardiac and pulmonary blood flow with detector-probes for evaluating

heart funation by the method developed by_Steelérand Van Dyke (29).

Since the introduction of the_;l‘l3m n—llBSn Qenerator to nuclear

" medicine some seven years ago, ll3nIn has not attalned the stature of

9-gm’l‘c‘for scintigraphy, however with advances in instrumentation which

will provide improved collimation and more effiéient detectors for the

393 keV photqp, 113my 1 can have a_promising futuré\in nuclear medi--

cine.

Othér Radiocnuclide Generators

The 87mS-r-87Y“generator introduced by Myers (30) for bone scan-

™~

ning has been developed (31—33) and proved to be‘useful for the detec-

tion of bone tumors (34-35). However the relatively slow clearance

of 87er from the blood and soft tissues combined with its 2.8 h half

life limits the bone to bleod uptake ratio belothhat of other bone

séanning agents such -as lSF (36) . The rapid deGeIOpment of 99mTc
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labeled bone scanning agents such as poiyphOSphaﬁes, diphosphonates

87msr will not be a predominant

87m

and pyro§h5sph5tes would indicate that
‘factor in bone scanning. There is'however, SOme indication that Sr

might be useful in certain types of nonosseous tumor localization

(37-38) and in the diagnosis of pulmonary aspergillosis (39).

68 . - 68

‘The /Ga; Ge\generator introduced by Gleason (40) and‘developed

inté an aluminé qolumh generator by‘Green aﬁdITucker (41) was used
by Anger and Gottschalk (42) for localizaﬁion'of brain tumors with
§8Ga—EDTA and thé Anger poéitron_scintillatioﬁlcamera. Although

Hayes and Edﬁards (43;445 used 68Ga forrbone écapniﬁg, 68Ga has-not
been utilized to any great extént in nuclear'medicine since the intro-

99mTc. Because the 68Ga generator is'nearly ideal in so

duction of
far as the half-lives of the daughter (68Ga Tl/2,68 min) and parent
68Ge (275 days) are cohcerned and because of the high radionuclidic

68

{

purity of '"°Ga which contains less than 10—3 perIEent 68Ge contamina-
tion, 68Ga could be a uséful radionuclide deﬁénding upon the progress
made in £hé capability'of imaging with the 511 keV annihilation pho-.
tons and tﬁe development of usefdl radiOpharmaéeutical agents labeled

with °8ca (45). - - | ‘

Ultra-short-Lived Radionuclide Generators

-The donCept of maximum photon yield with.a ﬁinimum :adiation.ex-'
posure(can_bestrbe met by the use Qf radionuclides with half iives that
fall into the ideal range proposed by Wagﬁer (46-47), ngﬁely:the ef-
fectivé half life of the.radionuclide is 0.693'times the time at which
the stuay is completed. - . |

;o . _

In the case of many dynamic studies a radionuclide with a half

life of a minute or ‘less would be uSeful. From Table I, which relates
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the radlatlon dose to the half life of the radlonucllde, it can be

- -

seen that the photon yleld for radiation dose dellvered is primarily

half life dependent. Furthermore ultra- short—llved radlonuclldes will

)

permit dynamic studies to be repeated within a few mlnutes as the ln—'
jected activity rapidly decays away (48) .- With these considerations
in mlnd 1t is concelvable that some of the ultra- short lived radio-

] 81m 82 128

- nuclide generators in Table II such as Kr (49), Rb (50), Cs,

~137m 191m

lear medicine. Two probleﬁs.which confront the_development of ultra-
short-lived radionuclide'generators are (1) diffioulty in producing
adequate amounts of the parent radionuclide and (2) the need for

automated systems for elution and direct infusion of the daughter

radionuclide with built in monitoring controls;whioh would insure the .

integrity of the eluate. Castronovo (53)\has described a monitoring

control for maintaining a constant’pH of l37mBa EDTA for contlnuous

) infuslon. Other monitoring controls need to be_developed for the in=-
;fusion of'ultra-short-lived'radionuclides. _ B

In'the-case of.positrOn emitting:radlonuclides the development
of instrumentation for imaging the 511 keV annlhllatlon gamnas w1ll

determine the future usefulness of radlonuclldes such as 821 and

128 ! 137m

Cs. A similar problen ex1sts for the 2.6 mln Ba whose 666

keV gamma emission are difficult to colllmate; .A‘further problem

137mg. is the long half life of the 137, parent (Tl/2 30.0 )

which would pose a radiation hazard in the event“of 137Cs leakage

for

from the generator.

Pe

Two other radionuclide generators listed in Table II, the 24

195mAu; are being inVestigated The par-

: . . 90 195m
‘ent.radlonuclldes Mo (ll/2 5.7 h) and | Hg (Tl/2 1.7 d) respec

sec»gomNb and the_30.é sec

Ba (51,52), and ~~"TIr (48) will find/uSeful applications in nuc-
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tively are produced by proton irradiation at theyLBL 88-inch cyclo-

tron. The separations of the daughter radionuclides by ion exchange

column chromatography are being studied. , ) R

Future Developments

- In view of the deSirability of obtaining the highest photon

‘yield with a mininum radiation exposure, it appears reasonable to pur-

sue the development of ultra-short-lived radionuclide generators as a

means of achieving this goal. Recent developments in the use of high

-

enerqgy protonvbeams at BLIP (Brookhaven Linac Isotope Producer) (54)

and at LAMPF (ﬂos Alanos Meson Pfoduction Facility) (55) open the.pos-s

's1bllity of obtalning curie amounts of parent radlonuclldes such as

~

828r and 128Ba from hlgh energy proton or Spallation reactions.

Snmmarz‘

The'progress of nuclear medicine has been‘marked by the develop-
ments in 1nstrumentation and in radiopharmaceuticals, including radio-
nuclide generator systens which prov1de short lived daughters Without
the expense of‘frequent shipments. vv

It doesjnot appear likely that there will he-any significant
change in the predomlnant role of 99mTc in the immedlate future. The
most fruitful area of research may well be in the development of new
radlopharmaceuticals labeled Wlth 99m Tc. A promising area of develop-'
ment is new radioisotope generators to provide_ﬁltra—short-lived nuo-

lides for dynamic studies of blood flow through the brain, heart and

other_organs,
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Table I. Relative Radiation Dose Factor (D;F;)* '

‘Radionucliqe_; g F(E) (f)ei‘ w(Mev) T&/Q(seé) D.F./séc D.F.x Tl/2 D.F. ggglide
_ _ : - , D.F. Tc
Carbon-11 0.39 1.22 x 10 0.39° k.76 x 102 1.5
Nitrogen-13 0.30 6.00 x 102 0.30 1;80 x 102 /vo.6f_
Fluorine;18 0.25 ‘ 6.6o_x'103" 0.25 - 1.65 x 10® | 5.3.f’
Potassium-43  0.32 8.06 x 104  0.32 2.58 x 104 83
. Iron-52 0.83 2.95 x 10* 0.83 244 x 10% 79
- (+ Mn-52m) N ° .
Copper-64 0.14 4.61 x 104 0.14 6.45 x 10 21
\ Galliﬁmésf 0.017 2.81 x 105 0.017 4.78 x 102 15
ﬂ; Gallium-68 0.67 4.08 x 103 0.67 [.2.73'x 10 . 8.8
\ Arsenic-T1 0.10 0.1 0.175 5.20 x 105 0.12 | 2.64 x 10¢% 85
-Aréenic—74: 0.29 1.55 x 10® 0.29 4,50 x 105.‘ 1450 )
Selenium-75  0.020 1.0 x 107 0.02 2.08 x 105 671
v'f_q;Krypton-Blm_ T -_Of34 0.190 13.0 - - 0.065 | Q.85{' o ;003 ;
o *Rubidium;81'-l_'o;os’f:'-',<o;34'“i 0.190  1.69 x.10* 0.12 é;o3’g'103 6.6
. Rubidium-82 1.26 s 1.26 94.5 0.3
. Strontium-87m 0.15  0.389  1.02 x 10* 0.058 - ',5-92 x 102" 1.9
' Technetium-99m 0.1  0.1%0  2.20 x 10* 0.01%  3.10 x 102 1
 Indium-111 . 0.1 ~  0.173 S |
- . 0.05 0.247 1.91 x 10% ~ 0.029 5.54 x 10°

17.9

_LI_



Table I. (Continued)

_nqeberator,produced

B fD;F: % [f(ﬁ)v¥ f(e;)(TmeQ)]ﬁx fl/2seé:: 

o .

Rédionuclide ;F(E) v (Mev) Tl/g(sec) D.F./sec ‘D.F.x Ti/é
Indium-113m 1 0.30 0.393 6.0 ;.;63 - 0.12 f.2 x 102
Iodine-123 0.1% . 0.159  4.79 x 10% '0.022' | _i.os x 10°
Iodine-125 | o 0.93 o.d35  5.18 x 10% 0.033 1.71 x 108
- Iodine-131 | 6.19. '0;616' -§.326 - 6.95 x 105 0.195_1 ,'1.36ﬂi 108
Xenon-133 0.138 0.60 0.081  4.55 x 10° 0.187 '8.51,x-_104
Cesium-128  0.592 | © 2.28x10°  0.592  1.35x 102
Cesium-129 _ 0.017 | _ 1.15 x 105 0.017 1.96 x 103
4 Barium-137m 0.084% 0.662 1.53 xvloéf 0.056 8.57
. Irtdium-191m 0.66  ©0.129 4.9 | 0.085.  0.k2
”Mercury-197 | | 1 0.80 ' 0.077 - 2.34 x 105 0.062 1.45 x 10%
R Mengry-203j“ 0.086 0.1k 0.279  4.05 x 10° 0.125

5.06 x 105

D.F. nuclide

D.F, 99mpe

2.3
3.4
o
552

437

274
0.4
- 6.3

0.03

0.001

46
1630

-8';-
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Isotope

28Al

%8c1

. 47Sc

' 52mMn

62Cu

5°Ga

elmKr

82Rb‘

- 72p4

. Table ITI.

Daughter ,
; ‘Photon : ‘ .
T1/2 Decay(%) Mev(%) *Status | Isotope
2.3 m B~(100) 1.78(100) 28Mg
 1.60(38)
© 37.3m  BT(100) 2.17(47) 38g
3.4d  p(100) 0.160(73)  C- 47Ca
| B*(98)  0.511(196) |
2l.1m ITéE) 1.43(100) S2Fe
9.8 m  pY(97) 0.511(194) 827n.
: pt(88 0.511(176)
68.3 m EC(12)  1.08(3.5) c - 88Ge
. B*(78). o0.511 150)-:1 .
1.14d ( 2 0.63(8) . .- L 725
| _o.835(78)
13 sec IT(100) 0.190(65) ¢ 81Rp .
-B+§96) 0.511(192)
1.3 m EC(4) 0.77759) ~C. 823p

~ Parent
| Tl/é:._ Decay (%)
21.2 h /B'(lQO)
2.9 h  p7(100)
4.5 d a-(loo)
- BY(56
8.2 h EC( 44
a*(lBg
9.1 h EC(82
275 d  EC(100)
8.44a  EC(100)
. -A B+§l3g |
4.7 h EC(87
25 d EC(100)

Generator Produced Short-lived Radionuclides for Use in Nuclear Medicine

8SRb(p, 4n)

- 61 -

Photon
Mgv(%)' Production
.031(96) 6,8\
.40(30; 28Mg |*He, 2
- .95(30) : S
- 1.35(70) '
1. 88(95) 3701(4ée,3p)
49(5)
.815( 5 48ca(n,y)
1.31(7 :
165(100)
0.511(112) ®°cr(*He,2n)
.042(20) o
.51§47g 83Cu(p,2n)
.59(22) - ' _
-—- 88Zn(‘*He 2n).
Ty d, 5n)
VO.046(59),.7°Ge§4He 2n)
'0.253 . :
0.450 79Br( *He,2n)
0.511(26)



Table II.  (Cont1nued)

. Daughter Parent
. . o Photon \ Photon o
Isotope Ty /o Decay (%) Mev(%)  Status | Isotope Ty /2 Decay (%) Mev (%) Production
_ - . ‘ ) ' 0.53(93) o
®%Kr . 1.86h IT(100) = 0.009(9) B 83Rb 83 ad EC 0.79(0.9) ©!Br(*He,2n)
. ' » ' ' . o o B _ C o -B+§<1g. I o 86gp d-,n; ;
8Mgp™~ 2,83 h IT(99+) 0.388(80) D - 87y 3.34  EC(99 0483 873r(p,n
. . ST o R o~ : ®8Sr(p,2n)
, . o ' . _ _ : | B+522; :
8oy  16.1 sec  IT(100) 10.91(99) 887r 3.34d EC(78 0.511(44) 8°y(p,n)
- o | | - B+$25; 0.257(85)
POMNDL- 24 sec IT(100) 0.122(71) A #9Mo 5.7 h EC(75 .445599 ®3Nb(p, 4n)
) ’ ' : ‘ .511(50) _
. S | 0.181(7) F.P. ,
esMpe 6.0 h IT(100) 0.140(90) D °®Mo 2,78 @ - BT(100) 0.740(12) ®8Mo(n,q) &
R a - ~ o - 0.780(4) ?
K S T | \ | - | ¥°8cd(n, v)
10®M4g 39.2 seec - IT(100) 0.088(5) B 109¢q 1.24 y EC(100) - l°9Ag§d,2n)
1r3M1n 1,66 h IT(100) " 0.393(64) . D 113gn 115 4 EC(100) 0.225(1.8 **2sn(n,y)
Clewl oM owsmqso) [ N
Silggp . - 3.5m EC(25 1.23(3) . tire 6.0 4 EC(100) . . --- *21sb(d,5n)
gt(65)  0.511(130) SN : 0.060 -
122y 3.5 m EC - 0.564 l22ye 20.1'h EC(100) 0.090 1271(p,6n)
. » o : . _ 0.110 '
' S . 0.52(20 o '0.053517;
1321 2,26 h B~(100) 0.67(144) cC t%2me  3.24 4 BT(100) 0.230(90 F.P
! -~ 0.73 8‘9; | S | |
0.95(22




vaw> |
Howono

Isotope

lZBCS_
137mB§‘
l34La
14OPI.

l7BTa

183w

lSLmIf

lSSmAu

,

i
.

: Daughter'

Table II. (Continued)

AR

-Preliminary investigation \
Separation of daughter, animal studies
Preliminary human studies
'Clinical applications

1 0.560

Parent :
v Photon - o : ‘Photon.
Tl/2 Decay(%) Mev(%) Status | Isotope Tl/2 Decay (%) Mev (%) Production
an Dm0 | 0.13% -
- 3.8 m EC(lg O.5lé(102) B 128y 2,43 4 EC(100) 0.278 133¢5(p,6n)
2.55 m IT(100) 0.662(89) c _137cs . 30.0 y - BT(100) ———— F.P.
- s+§62; " 0.511(124) - -
6.8 m  EC(38 0.605(61) 134ce 3.0 4 EC(100) -—— 139La(p,6n)
, a+§50) 0.511(100) SN - | o
3.4 m EC(50) 1.60(0.3)- A . +4ONa 3.3d4 EC ---- 141ppr(“4He,2n)
- a*gl) 0.093 o |
9.4 m EC(99)  0.511 178y 21.5 d EC —— . 181ma(p,4n)
5.3 sec IT(100) . 0.108(19) 18373 5,0 d B7(100) . .246(33)  *8Ta(nn,v) N
4.9 sec IT(100) ~ 0.129(25) ¢ 181pg 15.0 d ' B~ — 19°Os(n,7)7\|
o o IT 50; 0.200(35
30.6 sec IT(100) 0.261(77) A 198Myy 1,67 4 EC(50 0.261(20) 1'®7pu(p,3n)
| | | 20)



Table III.

<

N

Labeling Efficiency of ?ngc-Colloid for Liver Uptake Prepared from Various

" "Kits" and Sources of TcO, -

Source of Kits : .
9900 ‘ | ’ Squibb : "MPI (SnII)
4 NEN | . 248100 : .
’ - T b '
. Per cent Activity at Rf 0 - 0.2 + aver. deviation
NEN Lot I - (9) 83.6 + 5.84 L , -
Lot II -(10)" 90.1 + 3.05 (6) 89.5 + 2.06 (5) 99.3 + 0.68
. MKDT (1) 89.0 (1) 89.0 o . ———
MPI (7)  95.6 + 1.35 (21)95.4 + 3.21  (2) 99.7 + 0.1
MEK-TEC (12)  '91.2 + 3.39 (2) 95.7 + 0.3 ©(2) 99.7 + 0.1
( ) = number of pfeparations'

Sk 4a



99

Table IV, Per cent Uptake of Mrc-colloid in Rats,720 minutes after 1.V, Injection

I'cO4 - Kit mean Blood Liver Spleen Lungs  Kidneys - Gut Carcass % Recovery ’Livef-Lung \
of Ratio
NEN ‘MPI 2 0.16% 85,2 4.36 . 1.29 0.48  0.47 5.7 99.6 66.'0
| I-Lot - - . 1.79% . ‘ L . | _
NEN NEN 6 0.12+ 79.4 1,81 0.79 . 0.61 0.24 5.5 190.1 ~101.
II-Lot 1.91%* o f : o C \
NEN . NEN 4 0.26t 67.8 3.59 1.54 0.58 - 1.17 7.2 83.8 44
. -'1.9]_* _ E E : E o
NEN SQB 2 0.13%* " 79.2° 5,10  2.78 0.76 0.62 6.1 90.4 28.5
SR 4,68% , : - ,
MEK-TEC  MPI 2 0.277% 81.5 3.86 1.65 . 0.94 0.87 10.0 © 99,7 ‘ 49.4
l1.46* o _ ' ; ‘ -
MEK-TEC  NEN 2 0.093% 84.4 3.06 0.46 © '0.29 «0.30 2.5 91.2 183 o
- - 0.613* | o
MEK~TEC  SQB 2 0.045" 83.6 3.79 2.51 " 0.46° 0.64 6.2 97.9 33.3
| | 2.44% o .
MPI MPI - .22, 0.160% 75.0 2.25 2.31 0.40 1,09 8.24  89.6 . 32.5
MPI NEN 2. 0.181% 91.6  3.30 .741  0.32  3.26 3.44 = 103 ' 124
o 0.960%* / ! - I
MPI SQB 2 0.062+ 85,3 2.71 2.66 0.45 2,25 14.9 - 108 32.1

* total blood -- assuming 6.38% total dey weight is blood

+ blood/ml



Table V, Labeling Efficiency for 99mTc-HSA by Electrolytic Method

99m

Using TcO, from Various Sources
Labeling 99mTcO4 9g_mTcO4 Number of - o o 3 freeb
Method Source Volume  Preparations '% Binding® | Ave.Dev. _99mTcO4 ~ Ave,Dev.
’ '
' 2r Crucible MPI . 5 7 28.6 + 11,0 14,0 + 3.5
w e NEN 5 8 634  ¥5.0 6.3 . 0.9
'zr Crucible  MPI 2.5 - 3 44,6 + 12,2 14.4 + 2.3
mom MEK-TEC 2.5 5 80.7 + 11.4 - 12.1 + 5.7
. ¢ ' 1
Zr Wire MPI 2.5 : 2. 20.6 + 0.05 24,6 + 2.1 8
- i \_ ' | ) . ’ ’ . . ‘ - ) ' . !
woom MEK~TEC 2.5 7 - 83.4 +12.0  10.1 + 7.1 -

i

Per cent 99 Tc recovered from resin column AG lx8 pH 1. 3

bDetermlned by paper chromatography after re51n column AG 1x8 pH l 3 A.i, o )



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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