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[57] ABSTRACT 
Complexes based on erbium-165 are disclosed. Such 
materials, particularly the citrate, are useful for imag-
ing of cardiac infarcts and tumors, especially adeno-
carcinomas and sarcomas. Excellent resolution with 
low energy photons is obtained, particularly with the 
use of multiwire proportional cameras. 
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planted tumor in the right thigh. After 3 hours, a scintil-
RADIOACTIVE ERBIUM-165 COMPLEXES AND lation image of the mouse was taken using a pinhole 

METHODS OF PREPARATION AND USE THEREOF collimator. Surprisingly, excellent resolution was ob-
The present invention is directed to complexes of tained with this low energy level emitter, even with a 

erbium-165 which are useful in pharmaceutical appli- 5 standard scintillation camera. 
cations for radioactive scanning and evaluation of vari- Similar results were obtained in imaging cardiac in-
ous organ and body functions. More specifically, the farcts in dogs. The characteristics of the erbium-165 
invention is directed to a 165 erbium-citrate which is isotope make it eminently suitable for safe, low level 
useful in imaging of cardiac infarcts and tumors. imaging (especially with the MWPC), while also pro-

The multiwire proportional camera (MWPC) devel- 1 0 viding excellent resolution, 
oped by Kaufman et al (Performance of a Pressurized While only one specific embodiment of this invention 
Xenon-filled Multiwire Proportional Chamber, IEEE has been disclosed, such changes in variations as to be 
Trans. Nucl.Sci. NS-20:333, 1972) has a maximum apparent to the person having ordinary skill in the art 
detection efficiency for photons of energy just above may be made without departing from the scope or spirit 
the xenon K-edge (35 keV). It was shown by them that 1 5 thereof. For example, numerous other complexes of 
as the energy of the photon increases, not only the erbium-165 can be used in place of the citrate. The 
detection efficiency drops rapidly but also the spatial choice depends upon pharmacological considerations 
resolution deteriorates. For these reasons, radionu- well known to those skilled in the art. Chelating agents 
elides which emit photons of energy around 40 keV but are useful; especially diethylenetriamine penta-acetic 
not less than 35 keV are extremely useful if they are 2 0 acid and those in the same category. Also, organic and 
clinically valuable. The relatively simple and inexpen- inorganic Er complexing agents will be operable in the 
sive MWPC can play an increasingly significant role in present invention. 
nuclear medicine if radionuclides and pharmaceuticals These are generally known to those of ordinary skill 
particularly suitable for this imaging device are studied in the art. Suitable complexing agents are, for example, 
and developed. I have found that erbium-165 is well ethylenediaminetetraacetic acid, nitrilopropionic acid, 
suited to this purpose. It has a half-life of about 10 N-2, hydroxyethyliminodiacetic acid, tartaric acid, 
hours. This is long enough to permit normal shipping human serum albumin, gluconates, polyphosphates, 
and handling and short enough to prevent any serious pyrophosphates, phosphonates, dimercaptosuccinic 
damage to healthy tissue, even in comparatively large ^ acid, malonic acid, thiocyanates, oximes and sulfonic 
doses. The dose from ,65Er to the whole body is 0.12 acid derivatives thereof, naphthalene sulfonic acid de-
rads and to the skeleton 0.33 rads, whereas from " T c rivatives, ethylene diamine, penicillamine, and tetracy-
the whole-body dose is 0.15 rads and the skeleton re- cline. 
ceives 0.45 rads for an administered dose of 10 mCi in Since the complexes will be used inside the body, all 
each case. Thus, the absorbed dose is about 25% less ^ materials used must, of course, be pharmaceutical^, 
with 165Er, which has a physical half-life longer than acceptable. The dosage can vary widely as is known to 
that of "mTc. those having ordinary skill in the art. It is also worth 

Moreover, erbium-165 has the ability to concentrate noting that the radionuclide 165Tm, the parent of 165Er, 
in cardiac infarcts and tumors, particularly adenocar- has a physical half-life of 30 hr and therefore offers the 
cinomas and sarcomas. It emits photons of 48 and 54 4 Q possibility for a generator. 
keV. These low energy photons provide additional What is claimed is: 
safety for the patient as well as improved resolution, 1. A method of radioactively scanning portions of the 
especially with the MWPC. body of a warm blooded animal comprising 

. a. administering a complex of radioactive erbium-
4 5 165 and a pharmaceutical^ acceptable complexing 

About 8 mg of stable erbium-164 in the form of agent to said animal; 
Er203 (available from Oak Ridge National Laborato- b. permitting said complex to be distributed in said 
ries) are irradiated with 6.7X1013 neutrons/cm2/second. body; and 
After 16 hours of radiation about 50mCi of erbium-165 c. exposing means for sensing radioactivity to said 
is obtained and is dissolved in concentrated nitric acid portions. 
to dryness. 10% citric acid is and allowed to dry to 2. A method according to claim 1 wherein said corn-
obtain the erbium citrate. plexing agent is a chelating agent. 

There are two other radionuclides produced during 3. A method according to claim 1 wherein said com-
this process due to impurities in stable ,64Er. These are plexing agent is taken from the class consisting of dieth-
,69Er and 171Er with 9.4 days and 7.5 hr half-life, respec- 5 5 ylenetriaminepentaacetic acid; ethylenediaminetetra-
tively. The radionuclide 1G9Er is a pure beta-emitter acetic acid; nitrilopropionic acid; N-2-hydroxye-
with an end-point energy of about 0.34 MeV while thyliminodiacetic acid; citric acid; tartaric acid; human 
171Er emits beta-gamma radiations. There was approxi- serum albumin; gluconates; polyphosphates; pyrophos-
mately 10% of 169Er and 5% of m E r in the amount we phates; phosphonates; dimercaptosuccinic acid; ma-
produced. These impurities are not desirable for clini- 6 0 Ionic acid; thiocyanates; oximes and sulfonic acid de-
cal use but the resulting radiations do not interfere with rivatives thereof; naphthalene sulfonic acid derivatives; 
animal or phantom studies. With further enrichment of ethylene diamine; penicillamine; and tetracycline, 
stable erbium-164, the amounts of these impurities can 4. A method according to claim 1 wherein said com-
be reduced. plex is 165Er-citrate and said portions comprise tumors 

<-<• and/or infarcts. FX AMP! F TI oj 
cAfiLvir^E. li 5. a. method according to claim 1 wherein said corn-

About 30 /xCi of the ,65Er-citrate of Example I was plex is administered intraperitoneally. 
injected intraperitoneally into a mouse with an im- * * * * * 


