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[57] ABSTRACT 

A chromatographic column for generating techneti-
um-99m isotopes and technetium-99m labeled phar-
maceuticals in a simple two-step process. Technet ium-
99m per technetate in a first step is isolated by adsorp-
tion upon an adsorbent packing. Then the technet ium-
99m in a second step is eluted f rom the packing, ei-
ther with an immediately labeled biological compound 
to form a radiopharmaceutical , or by a controlled vol-
ume of eluant to produce a 99m-technetium-bearing 
eluate of a desired specific concentrat ion. 

2 Claims, 5 Drawing Figures 
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RADIOISOTOPE AND RADIOPHARMACEUTICAL such generators normally require time consuming and 
GENERATORS complicated chemical processing performed by skilled 

chemical or pharmacists with substantial radiation ex-
posure to make useful technet ium-99m labeled phar-

This application is a continuation-in-part of U.S. Pa- 5 maceuticals. 
tent Application Ser. No. 173,099, filed Aug. 19 ,1971 The " c o w " eluate frequently contains variable 
which issued as U.S. Pat. No. 3,749,556 on July 31, amounts of non-radioactive contaminants such as alu-
1973. minum and molybdenum ions. It of ten contains as well, 

This invention relates generally to production and variable amounts of long-lived radionuclidic impurities 
use of radioisotopes and more particularly to simple ap- 10 such as " M o , the parent isotope, and neutron activa-
paratus and methods for producing contaminant-f ree tion and fission products such as I34cesium, 95Zr 95Nb, 
technet ium-99m eluates of specific concentrat ion and l24Sb, B0Co or '"'Sc. The specific concentrat ion of 9 9 mTc 
technet ium-99m labeled radiopharmaceuticals . obtained f rom the cow also varies considerably. The 

The object of this invention is to provide a simple improved radioisotope generator and generating 
two-step process for making technet ium-99m solutions 15 method of this invention eliminate a number of the dif-
of specific concentrat ion or technet ium-99m labeled ficulties heretofore encountered in the eluate of prior 
pharmaceuticals quickly and without the need for a ar t methods and means for producing technet ium-99m 
skilled chemist or pharmacist . in usable form. 

An objec t of this invention is to provide simple appa- 9!,mTc in the chemical form of pertechnetate ( T c 0 4 ) 
ratus and methods for isolating technet ium-99m by ad- 20 ion is commonly used to image some areas of the body, 
sorbing it upon a packing material and then releasing But due to the imperfect nature of its biological distri-
it to a chelating eluant to produce technet ium-99m so- bution as the per technetate ion, drugs such as perchlo-
lutions of specific concentrat ion or to p roduce directly- rate or iodide ion or atropine are often administered to 
labeled radiopharmaceuticals . the pat ient to suppress uptake in areas that might inter-

Still another object of this invention is to provide ap- 25 f e r e with scan interpretation or to reduce radiation 
paratus and methods which employ an adsorbent pack- dose to uninvolved organs. For example before 99mTc-
ing of reducing agent for technet ium-99m per techne- per technate is given for brain scanning, relatively large 
tate to isolate and concent ra te it to any desired level of amounts of the aforementioned suppressive drugs are 
radioactivity so that solutions and radiopharma- administered to the patient to suppress characteristic 
ceuticals of known specific concentra t ions of radioac- 3 0 uptake in the salivary glands and choroid plexus — 
tivity can be made. events that might interfere with scan interpretation. 

An object of this invention also is to provide simple Thyroid uptake is suppressed as well, thus rescuing this 
methods and apparatus for eliminating chemical and organ f rom an otherwise gratuitous radiation dose, 
radionuclidic contaminants f r o m the processed radio- It is therefore beneficial to combine "™Tc with sub-
pharmaceutical and technet ium-99m solutions. 3 5 stances which result in a radiopharmaceutical that has 

Other objects and advantages will become apparent a more specific affinity for the organ of interest and a 
f rom a consideration of the following description and reduced tendency to concentrate elsewhere. For exam-
the accompanying drawings wherein pie, 9 9 n , Tc0 4 t reated with an iron salt plus ascorbic acid, 

FIG. 1 is a cross-sectional view of the components of results in a radiopharmaceutical that concentrates in 
the kit of this invention prior to assembly; 4 0 the cortex of the kidney to such a degree that usefully 

FIG. 2 is a perspective view of the kit of this inven- informative scintiphotographs may be taken of that or-
tion shown in FIG. 1 before assembly; gan. Other preparations of 9!"™Tc labeled compounds 

FIG. 3 is a vertical sectional view of the kit of this in- are useful for liver and lung imaging and for placenta 
vention assembled for generation of a radiopharma- localization. Almost all of the chemical processes re-
ceutical; 4 5 quired to convert per technetate ion to useful pharma-

FIG. 4 illustrates in perspective the assembled kit of ceuticals are time consuming and complex. They re-
FIG. 3; and quire services of a skilled radiochemist and substantial 

FIG. 5 is a cross-sectional view of an improved radio- radiation exposure, 
isotope generator of this invention. 

This invention includes procedures and apparatus for 
making technet ium-99m solutions and pharmaceuticals 
labeled with technet ium-99m which are useful in nu- The radiopharmaceutical generator kit disclosed in 
clear medicine for organ imaging. As used herein the FIGS. 1 and 2 assembles into what is essentially a small 
term "biological c o m p o u n d s " includes single elements, 5 5 chromatographic column illustrated in FIGS. 3 and 4. 
chemical compounds, mixtures of either or both or The kit includes a first tubular section referred to gen-
complexes of other sorts which are chelating agents for erally as 1. It has an elongated tubular shell 2; an inte-
reduced technet ium-99m that may be administered in- gral liquid inlet 3 at one end, such as the illustrated fe-
ternally or otherwise without adverse effects to living male luer slip fitting; and at the other end a first joinder 
organisms, particularly to human beings. ^ means 4 , such as the illustrated male taper which as-

The technet ium-99m isotope is conveniently avail- sembles to a corresponding taper in the second tubular 
able in isotonic solution in the form of the chemically section referred to generally as 5. 
stable per techneta te ion (Tc0 4 )~ . Sodium per techne- The second tubular section 5 includes an elongated 
tate solutions usually are eluted by saline solution in tubular shell 6; a second joinder means 7 a t one end, 
generators or " c o w s " f rom the long-lived parent ^ such as the female taper 7 for quick and vacuum-tight 
moIybdenum-99. The inherent chhemical propert ies of assembly to male taper 4 of the first tubular section of 
technet ium-99m and a number of undesirable charac- the kit as is shown in FIG. 3; and at the other end an 
teristics of per techneta te solutions originating f rom integral liquid outlet 8 such as the illustrated male luer 
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slip fitting. A first inert porous disc 9 and a second inert 
porous disc 10 define with shell 2 a first processing 
zone within the first tubular section 1 which is packed 
with a particulate or sintered reducing agent 11 for 
technet ium-99m per techneta te . The porous disc 9, 10 
may be inert coarse filters press-fit into shell 2 or one 
of them, such as porous disc 9 may be integrally 
molded with the shell f r o m linear polyethylene or poly-
propylene or other physiologically and chemically inert 
materials. The pore size permits liquid flow but con-
fines the reducing agent packing within the first pro-
cessing zone. Porous disc 10 press-fits into shell 2 af ter 
reducing agent 11 is packed. The reducing agent for 
technet ium-99m per techneta te is a particulate metal 
powder or sinter which is aseptically packed dry and 
dry heat sterilized. Plastic caps 12 and 13 over each of 
its ends, seal the first tubular section 1 and preserve ste-
rility until its use. 

The second tubular section 5 carries a third porous 
disc 14 at its lower end adjacent to liquid outlet 8. This 
disc has a pore size in the order of 5 microns in diame-
ter. It may be molded integrally with a polyethylene or 
polypropylene shell 6 or may be press-fit filter material 
such as nylon, teflon, sintered stainless steel or a glass 
frit. Shell 6 between the end of female taper 7 and po-
rous disc 14 defines a second processing zone packed 
with a cation exchange resin 15. Such resins normally 
are autoclave sterilized and stored wet. Plastic caps 16 
and 17 close the ends of the second tubular section 5 
of the kit and preserve sterility until its use. 

For use in processing a radiopharmaceutical , protec-
tive plastic caps 12 ,13 , 16 and 17 are stripped f rom the 
kit components and the first and second tubular sec-
tions are assembled into a complete column as is illus-
trated in FIG. 3. The joint between the tapered joinder 
means 4 is vacuum tight. Liquids to be processed 
through the column are introduced through inlet 3 by 
means of hypodermic syringe 20. They are moved or 
assisted through the column by needle 21 at tached to 
outlet 8 and affixed to vacuum bottle 22. 

For the examples described herein tubular shells 2, 6 
were 7 - 8 millimeters in inside diameter and defined 
first and second processing zones about 10 cent imeters 
long. While the precise dimensions are not critical, the 
first processing zone must provide enough reducing 
agent packing and residence time to adjust the pH of 
the eluant during the second processing step and to 
buffer it to physiologically acceptable levels within the 
range of 5 to 8. On the other hand, the second process-
ing zone must provide enough cation exchange resin 
and residence time to remove all uncombined reducing 
agent and radioisotope-carrier ions. 

T H E PROCESS A N D P H A R M A C E U T I C A L 
P R O D U C T S 

The described kit is used to generate radioisotope la-
beled pharmaceuticals by a simple two-step procedure . 
In a first s tep hypodermic syringe 20 of an appropria te 
size introduces the labeling technet ium-99m per-
techneta te dispersed in a first carrier liquid, such as 
normal saline solution, to the column through inlet 3 to 
the first processing zone packed with particulate reduc-
ing agent 11. The part iculate reducing agent is a metal 
more electronegative than hydrogen, such as iron. Nee-
dle 21 and vacuum bottle 22 assist the syringe contents 
to pass through the column. 

, 8 4 9 
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The reducing agent 11 adsorbs or isolates substan-
tially all of the technet ium-99m in the initial portion of 
the zone — with the dimensions described, within the 
first one-four th inch of the packing. Substantially all of 

5 the radioactivity collects upon this portion of the pack-
ing regardless of the concentrat ion of the technetium-
99m per techneta te in the first carrier liquid or the 
quantity of the carrier liquid put through the column. 
Thus, as much radioactivity as is desired may be con-

10 centra ted on the initial portion of the reducing agent 
packing. The total amount of t rapped radioactivity can 
be measured directly by its radiation. The first carrier 
liquid passes through the column and collects in vac-
uum bottle 22 stripped of substantially all of its radio-

15 active component . With it pass all chemical and ra-
dionuclidic impurities in the cow eluate that do not ad-
here to the column packing materials. 

In a second step another hypodermic syringe intro-
duces a known volume of special eluant to the column 

20 assisted by a second sterile vacuum bottle 22 affixed to 
needle 21 at the bot tom of the column. The eluant is 
a physiologically benign second carrier liquid carrying 
a dispersion, either in solution or suspension, of a bio-
logical compound that combines irreversibly with the 

25 reduced technet ium-99m residing on the reducing 
agent packing in the initial portion of the first process-
ing zone. The biological compound may be one of a 
group of instantly labeled chelating agents including 
albumin which are known to concentrate in particular 

3 0 human organs of interest in predictable amounts. It 
should be effective a t physiological ion concentra-
(about 150 meq. per liter) and should not precipitate 
or form large particles during passage through the col-
umn. T h e pH of the special eluant is adjusted, as re-

3 5 quired, to provide the requisite environment for combi-
nation of the biological compound and reduced tech-
net ium-99m. The pH of the special eluant initially 
should be less than 6. 

The eluant carries the biological compound, now la-
4 0 beled with technet ium-99m, through the remainder of 

the first processing zone wherein its reaction with the 
reducing agent packing adjusts the pH to and buffers it 
a physiologically acceptable levels, in the pH range of 
5 — 8 for example. The second carrier liquid and its dis-
persion then passes through the second processing zone 
packed with cation exchange resin. A strongly acidic 
cation exchange resin composed of nuclear sulphonic 
acid exchange groups at tached to a styrene-
divinylbenzene polymer lattice is used. The resin is so-
dium cycled so that physiologically benign sodium ions 
are substituted for any uncombined reducing agent or 
radioisotope o r other cations present in the passing elu-
ant. 

g 5 Pharmaceuticals of desired specific concentrat ion 
are made by eluting the column in the second step with 
a volume of eluant that corresponds to the measured 
amount of radioactivity isolated in the first zone pack-
ing. Typical process parameters a re shown in the fol-
lowing examples. 

E X A M P L E I TECHNETIUM-99M-IRON -
ASCORBIC ACID C O M P L E X 

A technet ium-99m iron ascorbic acid complex of the 
type of ten used for kidney imaging has been generated 
by the process and kit described in 5 to 10 minutes by 
a non-skilled technician. The first zone of the kit was 
packed with about 6 grams of 325 mesh (U.S. seive 
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size) powdered iron. The second zone was packed with 
about 8 cc. (wet) of 100 - 200 mesh sodium cycled cat-
ion exchange resin, such as AGS0W-X8 manufac tured 
by Bio Rad Company of Richmond, California. 

About 10 cc. of a normal saline solution carrying per-
techneta te ions eluted directly f rom the""Mo cow at a 
radioactivity concentrat ion of about 2 millicuries per 
cc. was introduced by syringe to the assembled kit in a 
first step.,This material was run through the column at 
a slow rate on the order of one-tenth cc . ,per second. 
Ninety-nine percent of the original radioactivity ad-
hered to the first one to two millimeters of powdered 
iron in the first zone of the column, 

Then a.second syringe introduced to the column four 
milliliters of 0.15 normal aqueous ascorbic acid solu-
tion. The net yield of technet ium99m labeled pharma-
ceutical was 55 percent of the total technet ium-99m 
activity initially present in the cow eluate. 

The biological distribution of the resulting pharma-
ceutical in rats three hours af ter intravenous injection 
was 8 percent in the kidneys, 53.7 percent in the urine-
bladder and 3.5 percent in the liver. 

E X A M P L E II - TECHNETIUM-99M-IRON-
ALBUMIN C O M P L E X 

A new technetium-99m-iron-serum albumin complex 
has been generated in 5 — 10 minutes which concen-
trates in the liver and is useful for liver imaging. 

Six grams of 100 mesh (U.S. seive size) hydrogen re-
duced iron pack the first zone of the kit and 8 cc. of so-
dium cycled cation exchange resin as in Example I pack 
the second zone. Ten cc. of the saline per techneta te so-
lution as used in Example I was introduced to the kit in 
a first step as in Example I. The per technetate trapping 
efficiency was about 92 percent . In a second step four 
milliliters of eluant comprising 10 milligrams per milli-
liter of bovine serum albumin dissolved in 0.6 normal 
hydrochloric acid was then introduced to the column. 

T h e net yield of technet ium-99m labeled pharmaceu-
tical was 5 5 percent of the total technet ium-99m activ-
ity initially present in the cow eluate. Combined iron in 
the eff luent pharmaceutical f rom the column was 0.35 
milligrams of elemental iron per milliliter or a total of 
1.4 milligrams. Biological distribution in rats one-half 
hour af ter intravenous injection was 69.5 percent in the 
liver and 1.0 percent in the spleen. There was no reac-
tion to the foreign protein. 

This pharmaceutical is unique in its composition. It 
is an albumin-technetium-99m-iron complex which, if 
particulate, has a particle size of less than 0.22 microns. 
In this state the complex is useful for liver imaging. 

Application of heat, for example heating the pharma-
ceutical at 100° F. for 5 minutes, agglomerates the 
complex into particles barely visible t o the naked eye. 
These particles averaging 20 - 100 microns in size con-
centration in the lungs like known technet ium-99m la-
beled macroaggregated human serum albumin. 

E X A M P L E III TECHNETIUM-99M TIN C O L L O I D 
C O M P L E X 

A technet ium-99m labeled tin colloid for use in liver 
imaging was similarly prepared in 5 - 10 minutes. The 
packing in the first zone was tin powder of greater than 
325 mesh (U.S. seive size) with the same cation ex-
change resin and saline solution of per techneta te ions 
as in Examples I and II. The trapping efficiency for the 
per techneta te ion was 98.8 percent . 
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In a second step four milliliters of two normal hydro-
chloric acid was eluted through the column to yield 
74.5 percent of technet ium-99m labeled pharmaceuti-
cal based on the original technet ium-99m activity in 
the cow eluate. A high concentrat ion in the liver of ex-
perimental rats is observed af ter intravenous injection. 

The radiopharmaceuticals listed below have been 
prepared using the described procedures and kit with 
satisfactory yields. They have useful biological distribu-
tions and are physiologically benign. 

Reducing Organ of 
agent 

Eluant 
greatest 

packing Eluant concentration 

Iron Ascorbic Acid Kidney, bludder 
Iron Citric Acid Kidney, bladder 
Iron Diethylene triamine pentacetic 

acid 
Kidney, bladder 

Iron Salicylic Acid Kidney, bladder 
Iron Glycine Liver 
Iron HC1 + Serum Albumin Liver 
Iron HC1 + Serum Albumin + Heat Lungs 
Tin HCL Liver 
Mg Ascorbic Acid Same as TcO., ' 

T H E RADIOISOTOPE G E N E R A T O R AND 
PROCESS 

Most commonly used radioisotope generators utilize 
an aqueous eluant t o separate the desirable daughter 
isotope f rom the parent isotope (e.g. ! ,amTc cows). The 
eluate f rom these generators has two inherent deficien-
cies: (1 ) uncontrollable, variable specific concentra-
tion and (2) variable contamination with undesirable 
chemicals and radionuclides arising f rom the processed 
parent isotope or its adsorbent. 

T h e principles described for production of immedi-
ately labeled radiopharmaceuticals may be employed 
to correct the two deficiencies and confer additional 
benefits described below. 

FIG. 5 illustrates a typical radioisotope generator of 
this invention. It is essentially a chromatographic col-
umn similar to that of the described radiopharma-
ceutical generator kit. While a specific embodiment of 
the generator is illustrated in FIG. 5 its construction 
also could be appropriate modifications of those gener-
ators disclosed in Gemmil U.S. Pat No. 3,566,124 or 
Baumann et al., U.S. Pat. No. 3,564,256 or Ogier et al., 
U.S. Pat . No. 3,446,965 or Montgomery U.S. Pat. No. 
3,655,981 or Shumate U.S. Pat. No. 3,535,085, etc. 

The generator includes a configured shell 30 with a 
first inlet 31 closed, for example, by a rubber stopper 
and an outlet 32 closed by rubber stopper. A first po-
rous disc 3 3 and a second porous disc 34 in the shell de-
fine between them a first packed zone 35 containing an 
ion exchange medium such as alumina upon which a 
parent radioisotope, for example molybdenum-99 is 
adsorbed. Third porous disc 36 and a four th porous 
disc 37 in the shell define a second packed zone 38 
which contains an adsorbent packing to adsorb the 
daughter radioisotope but not its parent or contami-
nants that may be eluted f rom the first packed zone 35. 
The adsorbent packing may be an ion exchange resin 
or a reducing agent for the daughter radioisotope. The 
porous discs 33, 34, 36 and 37 may be inert coarse fil-
ters fit into the generator shell 30. The pore size per-
mits liquid flow but confines the packing within the two 
zones 35 , 38. 
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A first eluant is introduced, for example, through sy-

ringe 40 which pierces the stopper at inlet 31. The first 
eluant removes the daughter radioisotope f rom the first 
packed zone 3 5 and quantitatively deposits it in second 
packed zone 38 and the first e tuant stripped of daugh-
ter radioisotope activity is removed f rom the column, 
for example, by syringe 4 1 which pierces the stopper at 
outlet 32. The first eluant removed by syringe 41 may 
be continuously recycled to syringe 40 during elution. 
The adsorbent packing in second zone 38 selectively 
collects and concent ra tes the daughter radioisotope 
but passes all chemical and radionuclidic impurities. If 
the first eluant is continuously recycled, the equilib-
rium activity of the daughter isotope will always be 
present and available in second packed zone 38. 

Then a second eluant is introduced, for example, by 
syringe 4 2 through the stopper at a second inlet 43. The 
volume of the second eluant is measured to yield the 
desired final specific concentra t ion of daughter radio-
isotope activity. This second eluant passes only through 
the adsorbent packing in zone 38 and separates the col-
lected, purified daughter radio-isotope f r o m the adsor-
bent packing for subsequent removal, for example, by 
another syringe 41 at outlet 32. 

An example of use employs iwMo as the parent iso-
tope adsorbed onto an ion exchange agent of alumina 
packed into first zone 35. The first eluant introduced 
through the first inlet 3 1 by a syringe 4 0 is sterile, pyro-
gen-free normal saline solution. The daughter radioi-
sotope, 9i""Tc elutes f rom the alumina packing in zone 
35 and collects on the adsorbent packing in second 
zone 38 which may be a reducing metal for technet ium 
like iron, tin or magnesium or an anion exchange resin 
with or without reducing properties. 

The second eluant which separates the collected 
«am-pc f r o m packed zone 38 consists of a solution having 
propert ies selected for removal of the daughter radioi-
sotope f r o m the zone. For example, when a reducing 
metal is used in packed zone 38, an aqueous acidic so-
lution such as one of those set for th in the table follow-
ing Example III may be used. The aqueous acid eluant 
carries the reduced daughter radioisotope through the 
remainder of the second packed zone 3 8 wherein reac-

1 2 , 8 4 9 
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^•Mion.of the acid with the reducing agent packing adjusts 

ttifc p h to and buffes it at physiologically acceptable 
levels. When the adsorbent packing in zone 38 is an 
anion exchange resin such as Bio Rad catalog AGI-X8, 

5 which is composed of quaternary amine exchange 
groups at tached to a styrene-divinylbenzene copolymer 
lattice, useful second eluants are saturated solutions of 
potassium iodide or thiocyanate. 

The above examples and the described apparatus and 
10 procedures are for illustrative purposes only. It will be 

apparent t o those skilled in the art that o ther radioiso-
topes and labeled pharmaceuticals may be similarly 
prepared and the process parameters may be modified 
within the scope of the invention defined in the follow-
ing claims. 

W e claim: 
1. A column for generating a daughter radioisotope 

f rom a parent comprising: 
a tubular shell; 20 
a first liquid inlet at one end of said shell; 
a first and a second porous disc enclosing a first 

packed zone within said shell adjacent to said first 
inlet; 

packing within said first packed zone comprising an 
ion exchange medium suitable for adsorbing said 
parent radioisotope; 

a liquid outlet at the other end of said shell; 
a third and a fourth porous disc enclosing a second 

3( ) packed zone within said shell intermediate said first 
packed zone and said liquid outlet; 

a packing within said second packed zone suitable for 
adsorbing said daughter radioisotope f ree of its 
parent and contaminants, said adsorbent packing 

35 comprising a reducing agent for said daughter radi-
oisotope; and 

a second liquid inlet for introducing eluant only to 
said second packed zone. 

2. The column of claim 1 wherein said reducing agent 
40 packing is selected f rom the group consisting of iron, 

tin and magnesium and said daughter radioisotope is 
technet ium-99m. 

* * * * * 
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