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ABSTRACT OF THE DISCLOSURE

A kit readily assembled into essentially a packed chro-
matographic column for generating technetium-99m la-
Leled pharmaceaticals in a simple two-step process. Tech-
netlum-99m pertechnetate in a first step is isolated and its
valence state reduced by adsorption upon & reducing
agent. Then the reduced technetium-99m in a second siep
is eluted from the reducing agent by combination with
an immediately labeled biological compound, the eluant
pH is adjusted and buffered to physiological levels and
benign cations are substituted for uncombined reducing

azent and isotope ions. A new techpetium-99m labeled
radiopharmaceutical useful in liver 1mag1ng is produced
by interaction with the column packing in one specific
aspect of the procedure.

This invention relates generally to medical radioisotope
o-gan imaging and function studies and more particu-
la.ly to simple apparatus and method for producing known
technetium-99m labeled radiopharmaceutica’s and for pro-
ducing new technetium-99m labeled radiopharmaceuticals
useful in nuclear medicine diagnostic pxo»edmes

One object of this invention is to provide a kit for as-
sembly into a simple radiopharmaceutical generator useful
in making techuetium-99m labeled radiopharmaceuticals
quickly and without the need for a skilled chemist or phay-
macist.

Another object of this invention is to provide a simple
two-step process for making technetium-99m labs’ed phar-
maceuticals quickly and without the need for a skilled
chemist or pharmacist.

Still another object of this invention is to provide appa-
ratus and methods which employ a packing of reducing
agent for techretium-99m pertechnetate to isolate and con-
centrate it to any desired level of radioactivity so that
radiopharmaceuticals of known specific concentrations of
radioactivity ean be made.

An object .of this invention also is to provide simnle

methods and apparatus for eliminating chemical and °

1adionuclidic contaminants from the processed radio-
pharmaceutical.

One other object of this invention is to provide new
and useful pharmaccuticals labeled with technetium-99m.

Other objects a-d advantages will become apparent
from a consideration of the following description and
the accompanying drawing wherein .

FI1G. 1 is a cross-sectional view of the components of
the kit of this invention prior to assembly;

FIG. 2 is a perspective view of the kit of this
shown in FIG. 1 before assembly;

FIG, 3 is a vertical sectional view of the kit of this
invention assembled for generation of a radiopharma-
ceulicaly and
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- FIG. 4 illustrates in perspective the assembled kit of
FIG. 3.

This invention includes procedures and apparatus for
making pharmaceuticals labeled with technetium-99m
which are useful in nuclear medicine for organ imaging.
As uszd herein the term “biological compounds” include
single elements, chemical compounds, mixtures of either
or both or complexes of other sorts which are chelating
agents for reduced technetium-99m that may be admin-
istered internally or otherwise without adverse effects
to living organisms, particularly to human beings.

The technetium-99m isotope is conveniently available
in jsotonic solution in the form of the chemically stable
pertechnetate ion (TcO—,). Sodium pertechnetate solu-
tions usually are eluted by saline solution in generators
or “cows” from the long-lived parent molybdenum-99.
The inherent chemical properties of technetium-99m and
a number of undersirable characteristics of pertechnetate
solutions originating from such generators mormally re-
quire time consuming and complicated chemicals proc- -
essing periormed by skilied chemists or pharmacists with
substantial radiation exposure to make useful technetium-
99m labeled pharmaceuticals.

The “cow” cluate frequently contains variable amounts
of non-radioactive contaminants such as aluminum and
mo'ybdenum - ions. It often contains as well, variable
amounts of long-lived radionuclidic impurities such as
®*Mo, the parent isotope, and neutron activation and fis-
sion producis such as 13%cesium, 95Zr-95Nb, 124Sb, $Co
or 4S8c., The spemﬁc concenirafion of 99mTc obtamed
from the “cow” also varies counsiderably.

99mTc in the chemical form of pertechnetate (Tc0,) ion
is commonly used to image some areas of the body. But
due to the imperfect nature of its biological distribution
as the pertechnetate ion, drugs such as perchlorate or
iodide ion or atropine are often administered to the
patient to suppress uptake in aress that might interfere
with scen interpretation or to reduce radiation dose to
uninvolved organs. For example before #9mTc-pertechnate
is given for brain scanmning, relatively large amounts of the
aforementioned suppressive drugs are administered to the
patient to suppress characteristic uptake in the salivary
glands and choroid plexus-—events that might interfere
with scan interpretation. Thyroid uptake is suppressed as
well, thus rescuirg this organ frem an otherwise gratui-
tous radiation dose.

It is therefore beneficial to combine 9™Tc with sub-
stances which result in a radiopharmaceutical that has a
more specific affinity for the organ of interest and a re-
duced tendency to concentrate elscwhere, For example,
99“‘Tc04 treated with an iron salt plus ascorbic acid, re--
sults in a radiopharmaceutical that concentrates in the
cortex of the kidney to such a degree that usefully in-
formative scintiphotographs may be taken of that organ.
Other preparations of ¢ labzled compounds are use-
ful for liver and lung imaging and for placenta localiza-
tion. Almost all of the chemical processes required to
convert pertcchnelate ion to useful pharmaceuticals are
time consuming and complex. They require ssrvices of a
skilled radiochemist and substantial radiation exposure.

THE GENERATOR KT

The generator kit disclosed in FIGS. 1 and 2 assembles
into what is essentiailly a small chromatogra aphic column
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illustrated in FIGS. 3 and 4. The kit includes a first tubu-
lar section referred to generally as 1. It has an elongated
tubular shell Z; an integral liquid inlet 3 at one end, such
as the illustrated female luer slip fitting; and at the other
end 2 first joinder means 4, such as the illustrated male
taper which assembles to a corresponding taper in the
second tubular section referred to generally as 8.

The second tubular section § includes an elongated
tubular shell &; a second joinder means 7 at one end, such
as the female taper 7 for quick and vacuum-tight assembly
to male taper 4 of the first tubular section of the kit as is
shown in FIG. 3; and at the other end an integral Hquid
cutlet 8 such as the illustrated male luer siip fitting.
A first inert porous disc $ and a second inert porous disc
18 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 technetium-9%m per-
technetate. The porous discs 8, 10 may be inert coarse
filters press-fit into shell 2 or one of them, such as porous
disc § may be integrally molded with the shell from linear
polyethylene or polypropylene or other physiologically
and chemically inert materials. The pore size permits
liquid flow but confines the reducing agent packing within
the first processing zone. Porous disc 1§ press-fits into
shell 2 after reducing agent 11 is packed. The reducing
agent for techuetium-99m pertechnetate 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
sterility until its use,

¢ second tubular section § 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 diameter. It
may be molded integrally with a polyethyiene or poly-
prepylene shell 6 or may be press-fit filicr material such
as nylon, Teflon, sintered stainless steel or a glass frit.
Shell & between the end of female taper 7 and porous
disc 14 defines a second processing zone packed with a
cation cxchange resin 15, Such resins normally are auto-
clave 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 jts use.

For use in processing a radiopharmaceutical, protective
plastic caps 12, 13, 16 and 17 are stripped from the kit
components and the first and second tubular sections
are assembled into a complete column as is illustrated 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 2§. They are moved or assisted through the
column by needle 21 attached to outlet § and affixed to
vacuum bottle 22,

For the examples described herein tubular shells Z,
6 were 7-8 millimeters in inside diameter and defined
first and second processing zones zbout 10 centimeters
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 processing zone must
provide enough c¢ation exchange resin and residence time
to remove all uncombined reducing agent and radiciso-
tope-carrier ions.

THE PROCESS AND PRODUCT

The described kit is used to generate radioisotope
labeled pharmacenticals by a simple two-step procedure.
In a first step hypodermic syringe 20 of an appropriate
size iniroduces the labeling technetium-99m pertechne-
tate dispersed iu a first carrier liquid, such as normal
saline solution, to the column through inlet 3 to the first
processing packed with particulate reducing agent
11, The particulate reducing agent is a metal more elec-
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tronegative than hydrogen, such as iron. Needle 21 and
vacunm bottle 2Z assist the syringe contents to pass
through the column. )

The reducing agent 11 adsorbs or isolates substantially
all of the technetium-99m in the initial portion of the
zone—with the dimensions described, within the first one-
fourth inch of the packing. Substantially all of the radio-
activity collects upon this portion of the packing regard-
less of the concentration of the technetium-99m pertech-
netate in the first carrier liquid or the quantity of the
carrier liquid put through the column. Thus, as mich
radioactivity as is desired may be concentrated on ihe
initial portion of the reducing agent packing. The total
amount of trapped radioaclivity can be measured directly
by its radiation. The first carrier liguid passes through the
column and collects in vacuum bottle 22 stripped of sub-
stantially all of its radioactive component. With it pass
all chemical and radionuclidic impurities in the “cow”
eluate that do not adhere to the celumn packing materials.

In a second step another hypodermic syringe introduces
a known volume of special eluant to the column assisted
by a second sterile vacuum boitle 22 affixed 1o needle 21
at the bottom of the column. The eluant is a physiological-
1y benign second carrier liquid carrying a dispersion, either
in solution or suspension, of a biological compound that
combines irreversibly with the reduced technetium-9Sm
residing on the reducing agent packing in the initial por-
tion of the first processing zone. The biological compound
may be one of the group of instantly labeled chelati\ng
agents including albumin which are known to concentrate
in particular human organs of interest in predictable
amounts. It should be effective at physiological ion cob-
centrations (about 150 meq. per liter) and should not
precipitate or form large particles during passage through
the column. The pH of the special eluant is adjusted, as
required, to provide the requisite environment for com-
bination of the biological compound and reduced tech-
netium-99m. The pH of the special eluant initially should
be less than 6.

Ths elvant carries'the biological compound, now labeled
with technetium-92m, through the remainder of the first
processing zone wherein its reaction with the reducing
agent packing adjusts the pH to and buffers it at physio-
logically acceptable levels, in the pH range of 5-8 for
example. The szcond carrier liquid ang its dispersion 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
attached to a styrene-divinylbenzene polymer lattice is
used. The resin is sodium cycled so that physiologically
benign sodium ions are substituted for any uncombined
reducing agent or radioisotope or other cations present in
the passing eluant.

Pharmaceuticals and desired specific concentration are
made by eluting the column in the second step with a
volume of eluant that corresponds to the measured
amount of radicactivity isolated in the first zone packing.
Typical process parameters are shown in the following
examples.

Example L-—Technetium-9¢m-iron-ascorbic
acid complex

A technetium-99m iron ascorbic acid complex of the
type often used for kidney imaging has been generated by
the process and kit described in § to 10 minutes by a non-
skilled tcchnican. The first zone of the kit was packed
with about 6 grams of 325 mesh (U.S. seive size) pow-
dered iron. The second zone was packed with about 8 cc,
(wet) of 100-200 mesh sodium cycled cation exchange
resin, such as AG30W-X8 manufactured by Bio Rad
Company of Richmond, Calif.

About 10 cc. of a normal saline solution carrying per-
technetate ions eluted directly from the $3Mo “cow™ at a
vadioactivity conceniration of about 2 millicuries per ce.
was introduced by syringe to the asstmbled kit in 2 fret
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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 adhered to the first
one to two millimeters of powdered iron in the first zone
of the column.

Then a second syringe infroduced to the column four
miliimeters of 0.15 normal aqueous ascorbic acid solu-
tion, The net yield of technetium-99m labeled pharmaceu-
tical was 55 percent of the total technetium-99m activity
initially present in the “cow” eluate.

The biological distribution of the resulting pharmaceu-
tical in rats three hours after intravenous injection was
8 percent in the kidneys, 33.7 percent in the urine-bladder
and 3.5 percent in the liver.

Example II—Technetium-99m-iron-albumin complex

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

Six grams of 100 mesh (U.S. sicve 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 1 pack
the second zone. Ten c¢. of the saline pertechnetate so-
lution as used in Example ¥ was introduced to the kit in
a first step as in Example 1. The pertechnetate trapping
efficiency was about 92 percent. In a second step four
milliliters of eluant comprising ten mililgrams per mil-
liliter of bovine serum albumin dissolved in 0.6 normal
hydrochloric acid was then introduced to the column.

The net vield of technetium-99m labeled pharmaceuti-
cal was 35 percent of the total technetinm-99m activity
initially present in the “cow” eluate. Combined iron in
the effluent pharmaceutical from the column was 0.353
mitligram of elemental iron per milliliter or a total of 1.4
millierams. Biclogical distribution in rats % hour afier
intravenous injection was 69.5 percent in the liver and
1.0 percent in the spleen. There was no reaction to the
foreign protein.

This ptiarmaceutical is vnigue in its composition, It is
believed to be an albumin-technetium-99m-iron complex
which, if particulate, has a particle size of less than 0.22
micron. 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 com-
plex into particles barely visible to the naked eye. These
particles averaging 20--10C microns in size concentrale
in the lungs like known technetium-9%m lebeled macro-
aggregated human serum aibumin,

Example IL—Technetium-99m tin colloid complex

A technetium-99m labeled tin colloid- for use in liver
imaging was similarly prepared in 5-10 minutes. The pack-
ing in the first zone was tin powder of greater than 325

mesh {(U.S. sieve size) with the same cation exchange |

resin and saline solution of pertechnetate jons as in Ex-
amples T and II. The trapping efliciency {or the pertech-
netate ion was 98.8 percent.

In a second step four milliliters of two normal hydro-
chloric acid was eluied through the column to yield 74.5
percent of technetium-99m labeled pharmaceutical based
on the original technetium-9%m activity in the “cow”
eluate. A high concentration in the liver of experimental
rats is observed after intravenous injection.

The radiopharmaceuticals listed below have been pre-
pared using the described procedures and kit with satis-
fuctory yields. They have useful biolopical distributions
and are physiologically benign,

[#4]
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Redueing
agent Organ of greatest
packing Eluant concentration
Tron. . ...... Ascorbic acido. ool Kidney, bladder.
0 .- Citricaeld. . _<ooeceveneeeceoooeoo . Doy
Dao._._. Diethylene triamine pentacetic acid... Do.
Do..._. Salicylicacide oo an . Do,
Do .- Qlycine. ..o iaiiaan Liver.
Do..._- HCE plus serum albumin. ... _._.._ Do.
... HCI plas serun albumin plus heat. Lungs.
JR £ N 61 VR -- Liver.
-.- As:orbicacl -- Same as TeO-.

The above examples and the described apparatus and
procedures are for illustrative purposes only. It will be
apparent to those skilled in the art that other technetinm-
99m labeled pharmaceuticals may be similarly prepared
and thz process parameters may be modified within the
scope of the invention defined in the following claims.

We claim: ] .

1. A kit for assembly into a packed column for mak-
ing technetium-99m labeled pharmaceuticals comprising

a first tubular section having a first tubular shell;

a liquid inlet at one end of said first tubular shell;

first joinder means at the other end of said first tubu-
lar shell;

a first and a second porous disc enclosing a first proc-
essing zone within said first tubular shell adjacent
said inlet;

a reducing agent for technetium-99m pertechnetate
packed within said first processing zone;

a second tubular section having a second tubular shell;

a lignid outlet at one end of said second tubular shell;

second joinder means at the other end of said second
tubular shell for airtight assembly to said first joinder
means;

a third porous dise adjacent said liquid outlst;

and a cation exchange resin packed within a second
processing zone defined in the second tubular shell
between said first processing zone and said third
porous disc.

2. The kit of claim 1 further comprising removable
ascepiic sealing means on said liquid inlet, said first and
second joinder means, and said liquiéd outlet,

3. The kit of claim X wherein said reducing agent is a
metal more electronegative than hydrogen.

4. The kit of claim 1 wherein said reducing agent is
one of iron, tin and magnesium.
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