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The production method, the advantages and disadvantages of some radiopharmaceutical
produced in different generators are shown. Considerations are given with respect to the
frequently used generators.

Introduction

The first radionuclide applications in nuclear medical diagnosis started in 1938
with HERTZ and HAMILTON. During several years radiopharmaceutical produced
and controlled by specialized laboratories were used. One of the major advances in
nuclear medicine in the last decade has been the introduction of the routine use
of radiopharmaceuticals obtained from generators.

This means preparations “in situ” which requires to provide new installations and
the application of a chemist at the hospital to ensure the quality of the radiophar-
maceutical by means of quick control methods before its application to the patient.!

Generators and radiopharmaceuticals

The generator is based on the parent — daughter equilibrium, the first being of
relatively long half-life and the second of relatively short one which is useful in
its application in diagnosis or “in vivo” therapy.

The parent’s long half-life allows the generator to be sent to the user and the
radionuclide daughter can be separated from the parent by a simple chemical method.
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Besides the generator must have the necessary radiological protection so that the
people handling it could operate safely and, when it is destined to medical use, pre-
cautions should be taken so as to obtain a sterile solution out of it.?

The first idea of a generator for medical use was that of GIOACHINO FAILLA,
who in 1920 suggested the following generator:

1620y 3.8d

222Rn

226R, > 218pg . 352 keV

for probable use in therapy.>
Some years later, by the end of 1950, STANG et al.* from the Brookhaven Na-
tional Laboratory, developed an artificial generator.

3.2d

1327, L 132y _23h

- l32xe

Implying a halogen, this generator was first thought to have a great future, but
it was overestimated.

The most common generators which can be purchased commercially are indicated
in Table 1, the first two. represent 99% of the production.

From the above indications the ®°Mo/*°*™Tc generator, described by RICHARD
in 1957, but whose design was later modified, is the most employed one at present
time.

There are several ways to get *°™Tc:

(1) From molybdenum trioxide by sublimation;

(2) From MoO; by solvent extraction (methylethylketone);

(3) If the generator is an Al;O; column with adsorbed ®°Mo, this can be extract-
ed from it by a suitable eluent {phisiological solution).

The third method is the most widely used, although in some countries e.q. Aus-
tralia, the first and second methods are employed.’

At the beginning, the production method for ®*?Mo was neutron bombardment
of natural Mo or ®*®*Mo enriched molybdenum. At the present time the °Mo ob-
tained from fission products can also be used, this one is of very high specific
activity; it is suitable for use alone or in preparations of radiophamaceuticals for
dynamic studies.

The cost of the generator using >?Mo obtained from fission products is high and
besides the activity concentration of the *°™Tc after the first days of use decreases.
For dynamic studies this makes it necessary to employ it in patients as soon as pos-
sible.
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Table 1
The most common generators for producing radiopharmaceuticals
Parent Daughter Decomposition Principal Year
procedure energy, keV
99Mo Y, eemp. Y 99T¢ 140 1962
67h 6 h
113gy L t1smp, I SN 113, 392 1966
119d 1.7h
87y LEY , simg Y, 878; 388 1967
80 h 2.8h
+
§8Ge _CE | esgy CE,f | $87n 511 1960
280 d 68 m
1327, B, v 132§ 8,y 132y, 670 1950
3.2d 2.3h
gy B emp, Y 1378, 622 1969
30y 2.6 m
995y B ey £, 907 2250 1957
2.8y 68 h

In 1973 BENES and De SCHRIJVER® presented a method to concentrate the
eluate in a column and to use it in the preparation of radiopharmaceuticals. In this
method the *°™Tc of the eluate (x107® mg/ml) is precipitated with ferrous hydro-
xide according to the reaction:

99m

Fe(OH), ——=2%5 Fe(OH)s - Te(IV)

and then redissolved in HCI to prepare the radiopharmaceutical using the reaction:

®9mMTe0]
SnCl, ————=> Sn(OH), - Tc(IV)

J. Radioanal. Chem. 27 (1975} 131
9*



A.E. A, MITTA: PRESENT AND FUTURE OF RADIOPHARMACEUTICALS

We have carried out the same procedure with very good results.” This allowed
us to prepare almost all Tc radiopharmaceuticals (the former authors prepared just
a few of them). The advantages of the use of *°™Tc are as follows:

(1) Its low energy radiation (140 keV) limits radiation danger for the patient in
case of injection by mistake;

(2) Due to its 6 hrs halflife some quality controls can be performed before
sending it to the user;

(3) For the same reason it is possible to centralize the preparation of the radio-
pharmaceuticals for its subsequent distribution;

(4) The column can be eluted once a day, or twice if necessary;

(5) Due to its low disintegration energy (140 keV) the personnel working with
this material needs simple blindage;

(6) Its effective half-life results in low radiation doses to the patient. Its radia-
tion characteristics provides a high efficiency detection;

(7) The possibility of preparing a great quantity of radiopharmaceuticals (more
than with any other generator: see Table 2) though it is a foreign element to the
organism.

The disadvantages of the application of *°™Tc are:

(1) Tt requires frequent deliveries. This increases the cost in the case of few ap-
plications;

(2) Too long a half-life for some studies;

(3) Some deep lesions cannot be detected because of its low penetration;

(4) The valence can change by contamination with reducing materials this pro-
duces radioactive impurities.

Its main rival is the !'3Sn/!!3In generator with the following advantages:

(1) Relative minor cost because it lasts approximately 6 months;

(2) Compatible with equipments using !>*I because it has similar energy;

(3) It fixes quickly to plasma transferrin after injection;

(4) Using an acid eluent the bacterial contamination risk diminishes.

Its disadvantages are:

(1) Considerable radiation danger for a patient injected by mistake due to its
radiation energy of 392 keV;

(2) Low efficiency with gamma camera;

(3) Thick blindage is needed;

(4) Uneconomic in case of contamination by use of a fair eluent;

(5) The radiopharmaceuticals which can be prepared with ''*™In are seen in
Table 3.

As in the case of *°™Tc the generator activity decays after several months and
a large volume of eluate is needed to obtain a few mCi. W. CALISTO and A. M.
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Table 2
9 MTe Radiopharmaceuticals

Radiopharmaceuticat

QOrgan

(1) Sodium pertechnetate *°™TcO, Na
D.T.P.A. CaNa, (Sn) *°™MT¢

(2 D.T.P.A. CaNa,
Ca. Gluconate
Na. Lactobinate
Na. Glucoheptanate
Dextrose
Manitol
Lactose
Penicilamine
2.3-Dimercaptosuccinic acid

(3) Technetium sulfur
Tin hydroxide
Sodium phytate

{4) Inorganic macroaggregates
Albumine macroaggregates
Microspheres (30 1)

(5) Polyphosphates
Diphosphonate
Pyrophosphate
Monofluorophosphate

(6) Albumine
Millimicrospheres (0.5 mu)

(7) Bleomycin
Citrate
Tetracycline

(8) Red Blood corpuscules

(9) Biliar acids

J. Radioanal. Chem. 27 {1975)

Brain

Kidneys

Liver

Lungs

Bones

Dynamic studies

Tumor

Spleen

Biliar functions
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Table 3
Radiopharmaceuticals produced with ***™In
Radiopharmaceutical Organ
tismyp, C, Placenta localization
113MIy macroaggregates Lung
113MIn microaggregates Liver
D.T.P.A. '3y Brain and kidney

ROBLES of Uruguay® have developed a method to concentrate the activity of a
11380/113M 1y column to 0.5 ml after decay. It consists in precipitating ! '*™In
with 0.5N NaOH, filtering through Millipore syringe, and redissolving it in a small
volume of HCl 0.005N.

The following considerations can be made with respect to the other generators
giving in Table 1:

87y/8"MSr. 87™Sr has some advantages as compared to other strontium isotopes,
viz. its short half-life and monoenergetic y-radiation of 392 keV. Its disadvantages
are the parent’s short half-life and the necessity of preparing it in a cyclotron:

85Rb (e, 2n)*7Y, 878r(p, n)®7Y

68Ge/8Ga. 1t is a f* emitter useful for scintigraphy of bones, brain, liver, spleen,
bone marrow.

The main advantage is its long parent’s half-life.

Its disadvantage is that it must be prepared in a cyclotron in a process of
69Ga(p, 2n)® 3 Ge.

132T¢/*32[ 1t is used in children’s thyroid studies. It has bad energetic character-
istics and a short parent’s half-life.

137Co/'3 "™ Ba. ~y-emitter of 662 keV used in dynamic studies. The long parent’s
half-life facilitates the possibility of contamination with the daughter.

°9Sr/°°Y. High energy B-emitter, used in therapy for pleural and peritoneal treat-
ment.

In Table 4 there are other generatdrs, which had no appreciable development.

This list is incomplete because the number of possible generators is over 100 al-
though not all of them are useful. It is rather difficult to foretell which of them
are promising. In Table 5 there is- a ®*Sr/®2Rb generator used for myocard studies ' %1*
and a “theoretical cow” and 77™Se and !9°™ Au generators for the same applica-
tions.
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Table 4
Generators of smaller importance
Parent Daughter Decomposition Principal
procedure energy, keV'
+
isb ﬁ,CE alm](r Tl alKr 190
4.7h 13s
1289, CE, v 1280 L 128y, 370
583 h 38m
188y [ 188 R, By 1880 160
69.4d 16.8 h . 360
t12pq -—ﬁ——-) t12pg _L_, 112cq 3900
21h 3.2h
stg B"Y . 28Al ﬁ,’Y 2BSi 1780
214 h 2.3m
103pgq —7——-) 1o3mpp _TI'Y__.) 103pn 40
17d 57m
Table §
Some other generators
Parent Daughter Decomposition Principal
process energy, keV
325 —CE_, eapy g CE sgs 511
25d 1.2 m 777
o+
77 8" CE Tl
Br 77mge Y 77
56 h 175 s Se 162
CE Tl CE
19smpyy 19smp., Y 1954 195
a0 h 30.5s RTINS 262
o+
a:Br —_— a4mRb CEﬁ 84Rb 250
20 m
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For radiopharmaceuticals resulting from “promising” generators we think that
emphasis should be put on compounds for “in vivo” metabolism studies with ®°™Tc
and also with !!*™In for kidney, bones, etc. studies.

Conclusions

It is a general opinion that the ?°Mo/*°™ Tc generator and the radiopharmaceu-
ticals obtained from it will be those of major use for a long time.

The ideal would be generators producing a radionuclide with similar characteris-
tics to those of **™Tc but with shorter halflife for dynamic studies, and another
radionuclide with longer halflife for scintigraphic studies.

Nevertheless, the possibility of a future generator producing a radionuclide as
versatile as °*®™Tc cannot be excluded.

Anyhow the choice of a radionuclide in a medical service depends greatly of
means and possibilities of the users.
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