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INTRODUCTION:

The purpose of this project was to develop a useable tungsten
(W)/tantalum (Ta) generator and came about from a desire to provide
state of the art imaging technology for utilization in space. The
space environment places a premium on equipment that is lightweight,
compact and rugged. The NASA multiwire camera developed originally
for high altitude particle physics appears to have these requirements.
In addition it was anticipated that the high count-rate capability of
this instrument would provide significant improvement in temporal
resolution compared to existing imaging instruments. A significant
disadvantage of the multiwire gamma camera (MGC) is the low energy
efficiency for nearly all commercially available radiopharmaceuticals.

In 1978 -79 a few articles appeared describing a new short-lived
radionuclide, Ta-178, for potential use in cardiovascular and pediat-
ric nuclear medicine. This isotope was of interest to us primarily
because its energy was low enough to be utilized with the MGC.

Ta-178 is formed following the decay of its parent, W-178 (half-
1ife: 21.7d) and has a half life of 9.3 minutes in turn yielding
stable Hf-178. The decay of the parent isotope (W-178) occurs entir-
ely by electron capture to the 9.3 minute Ta-178 state, without
feeding the high spin Ta-178 isomer (half life 2.2 hours). In Ta-178
decay, 99.2% of the disintegrations proceed by electron capture and
0.18% by positron emission. Electron capture results in a 61.2%
branch to the ground state of Hf-178 and 33.7% to the first excited
state at 93.1KeV. The most prominent features of the radionuclide's
energy spectrum are the hafnium characteristic radiation peaks with
energies between 54.6 and 65.0 KeV.

The optimal radiotracer for in vivo diagnostic use is one which
combines the best physical and chemical properties in an effort to
yield high quality diagnostic results while minimizing individual
organ and total body radiation exposure to the patient. Technetium-
99m (T4 = 6 hr) is an example of such a tracer. Although optimal for
many applications, Tc-99m is not optimal for perfusion studies such as
venograms and cardiac first-pass studies which take on the order of
minutes to complete. For these types of studies, a radionuclide such
as Ta-178 with a T4 on the order of minutes would reduce radiation
exposure substantially without degrading image quality. Also,
accumulation of radiotracers outside the region of interest of a study
(e.g. thyroid and GI buildup in the case of Tc0, ) results in signifi-
cantly higher radiation exposure to affected ordans. Short lived
radionuclides reduce this exposure appreciably since the physical
half-time is significantly less than the organ biological half-time.
Short Tived radionuclides also offer the possibility of repeat studies
without buildup of background activity. Using biodistribution data
obtained from preliminary animal studies (4) along with the Medical
Internal Radiation Dose (MIRD) Committee recommendations and pamphlets
(10,11) and Ta-178 output decay data (12) we have calculated the
radiation exposure dose to be approximately one-twentieth that of
Tc-99m on a per millicurie basis. A twenty-fold reduction in
radiation exposure from Ta-178 compared with Tc-99m means that the




usual administered dose can be increased three to four times, greatly
increasing the statistical accuracy while reducing radiation exposure
by a factor of five. This is very important for improved first pass
studies particularly in pediatric radionuclide angiography. The
nuclear characteristics of Ta-178 Timit its usefulness with the Anger
camera. The limiting factors are as follows: (1) The principal photon
emissions of Ta-178 are 55 - 65 KeV, an energy range which is not
optimal for Anger cameras, and (2) Ta-178 has high energy photons (6%
abundance) which penetrate high resolution and medium energy colli-
mators (13). The multiwire proportional camera (MGC), however, is not
sensitive to the high energy photons of Ta-178, and the 60 KeV radia-
tion is nearly optimal for imaging with this device. A prototype MGC
developed at the NASA/Johnson Space Center is currently undergoing
evaluation. The high count rate capability of this instrument allows
the use of high Ta-178 activities.

Ta-178 AND ¥-178 CALIBRATION:

To determine breakthrough at the time of generator elution is
difficult because the photon energies of W-178 (56-67 KeV) are close
to those of Ta-178 (54-65 KeV). The method employed here was to elute
the generator in the morning, allow the Ta-178 to decay 10 - 20 half
lives and count the samples for residual activity. Since breakthrough
occurs slowly as a function of total elution volume this method
detected W-178 breakthrough of less than a fraction of one uCi.

Ta-178 calibration factors were obtained on the Tc-99m setting of
two commercial dose calibrators (Capintec, Mediac). Approximately two
mCi of Ta-178 were eluted and the activity reading obtained four
successive times on both calibrators. The time of each reading was
carefully noted so that each reading was decayed back to zero time
after elution. The same samples were counted twice for 100 sec near
a 3" x 3" Nal (TI) detector connected to a 1024 multichannel analyzer.
The Nal (TI) counts were used to determine the actual mCi of Ta-178
present. This was accomplished by comparing the 0.5 MeV and x-ray
photon peaks of Ta-178 with the 0.5 MeV and the 60 KeV peaks of Na-22
and Am-241 standards. The Ta-178 windows were 49 - 70 KeV and 477 -
544 KeV. The Am-241 window was 51-71 KeV and the Na-22 window was 477
- 544 KeV. Each peak was corrected for air background and for events
resulting from compton scattered photons. The background from compton
scattered events was estimated by taking the average count within
windows above and below the photopeak. The resultant Ta-178 counts
were corrected for radioactive decay during the counting interval and
from time zero to the start of the Ta-178 count. The photon
abundances employed in the calculations were: Ta-178 x-rays, 88%,
Ta-178 0.511 MeV, 2.1%, Am-241 x-rays, 36%, Na-22 0.511 MeV, 180%.

Table 1 gives the results of the Ta-178 calibration measurements.
The determination of the mCi of Ta-178 at the time of elution using
either Am-241 or Na-22 standards gave essentially identical results,
i.e., 1.83 mCi. This value was used to derive a correction factor for
Ta-178 using the Tc-99m setting of the two dose calibrators by divid-
ing the mCi of Ta-178 by the dose calibrator reading. For the Searle
instrument this value (R) was 1.26 while Capintec was 0.46. The



TABLE 1. TA-178 CALIBRATION (R) USING TC-99M DOSE CALIBRATOR SETTINGS

Searle

Capintec Nal mCi (Nal)
(mCi) mCi Am-241 Na-22 mCi {dose CaTl)
mCi mCi
1.45 3.95 1.80 1.83 1.26 (Searle)
1.45 3.97 1.85 1.83 0.46 (Capintec)
1.45 3.96
1.46 3.97



reason for the large response difference of these instruments is that
the Searle instrument is air filled while the Capintec chamber is
filled with argon. The absorption coefficient of Ta-178 x-rays
relative to the coefficient for 140 KeV photons is higher for argon
than for air and therefore the chamber response on the Tc-99m setting
is greater for the argon filled device.

BIODISTRIBUTION:

Although the absorbed radiation dose of Ta-178 is one-twentieth
that of Tc-99m on a per mCi basis, breakthrough of parent W-178 (T} =
21.5 d) could substantially increase the overall absorbed dose. In an
effort to ascertain the extent that W-178 contributes to the total
body burden we have determined the effective half-life, routes of
elimination, and organ distribution of this radionuclide. Also, we
have studied the blood clearance of Ta-178 to determine the feasibil-
ity of gated cardiac studies with this radionuclide.

A study to determine the effective half-time (Te) of the parent
W-178 was performed in rats using decayed generator eluant containing
a known quantity of W-178 breakthrough. The solution was buffered to
a pH of 7 with phosphate buffer. Two rats were counted (whole body)
using a Nal (TL) detector coupled to a multichannel analyzer. This
was done over a period of three weeks. The resulting data was graphed
and the Te was calculated, Figure 1.

Initially two rats were injected with 10uCi of W-178 and counted,
whole body, over a period of three weeks. Whole body counting data
demonstrated bi-phasic elimination, 98% eliminated with a effective T}
(Te) of 8 hours and 2% eliminated with a Te of 10 days. Urine and
feces were collected in order to determine the route of excretion.
Ninety two percent of the administered dose was in the urine in 72
hours. The biodistribution of W-178 in phosphate buffer was studied
in four groups of six animals each (6, 24, 48 and 336 hours) housed in
metabolic cages. Each animal was injected with a known quantity of
the isotope and appropriate standards were drawn up for each group.
Multiple standard dilutions were prepared and counted with each group
of samples. The percent dose per organ, percent dose per gram of
tissue and route of elimination were determined. Table 2 shows the
mean percent administered dose per organ for each time group. Table 3
shows the percent administered dose recovered in the urine. The
highest concentration of W-178 was found in bone. This distribution
and excretion data were used for calculating the absorbed dose in
humans.

Since we have made allowance for a limited amount of W-178 break-
through in our generator eluant we conducted a study to determine the
biological half time and mode of elimination of W-178 in man. Unique
facilities at the NASA/ Johnson Space Center's Radiation Counting
Laboratory enabled us to perform sensitive whole body counting of
W-178.

Six healthy volunteers were injected with a known quantity of
W-178 (2-10 uCi). The individuals were counted a minimum of two
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' TABLE 2
, TUNGSTEN=-178 BIODISTRIBUTION IN THE RAT

! X ADMINISTERED DOSE PER ORGAN + S.D.

ORGAN 6 HR. (N=6) | 24 HR. (N=b) 48 HR. (N=5) | 336 HR. (N=6)
BLOOD 0.82 + 0.49 | 0.06 + 0.04 | 0.02 #0.01 | 0.005 + 0.004
SM. INTEST | 0.70 + 0.52 | 0.05 +0.02 | 0.06 +0.04 | 0.004 * 0.003
STOMACH 0.62 + 0.54 | 0.05 +0.04 | 0.03 +0.03 | 0.004 * 0.003
LUNG 0.08 + 0.03 | 0.01 +0.001 | 0.01 + 0.0035 | 0.003 + 0.003

SPLEEN 0.05 + 0.003 | 0.02 + 0.01 0.01 # 0.01 0.02 + 0.01

FUR/SKIN 2.20 + 0.79 | 0.46 ‘#0.21 | 0.25 +0.13 | 0.19 =+ 0.05
BRAIN 0.01 * 0.003 | 0.01 + 0.01 | 0.004 + 0.003 | 0.001 * 0.001
L. INTEST 0.05 + 0.02 | 0.02 +0.02 | 0.01 +0.004 | 0.002 * 0.003

| TESTES 0.12 # 0.02 | 0.01 + 0.003 | 0.005 *+ 0.003 | 0.001 + 0.001

- | ; BONE 7.04 + 1.08 | 5.33 +1.63 | 3.10 £0.33 | 1.53 +0.27
' LIVER 1.17 + 0.40 | 0.13 +0.03 | 0.05 %0.01 | 0.01 +* 0.003
BLADDER | 0.03 £ 0.05 | 0.02 £ 0.01 | 0,00 &0.01 | 0.004 % 0.001

CECUM | 3.08404.82 | 0,75 £0.53 | 1.25 #0.48 | 0.03 # 0.02

o HEART 0.02 + 0.01 | 0.003 &+ 0.001 | 0.004 + 0.003 | 0.001 + 0.001
' KIDNEYS 1.63 + 0.44 | 0.13 *+0.02 | 0.05 +0.01 | 0.006 + 0.002
; MUSCLE 1.77 + 0.65 | 0.26 *+0.14 | 0.18 +0.17 | 0.06 +0.10

;‘ CARCASS 23.12 + 4.45 7.26 # 0.75 3.45 +0.33 2.22 + 0.44




weeks. Urine and blood were collected from two of the six in an
effort to determine route of elimination and blood clearance. Whole
body counts of W-178 in man demonstrated a three-phase elimination
curve, Figure 2. Ninety five percent was eliminated with a Te of 8
hours, 4% with Te of 35 hours and 1.5% with a Te of 11 days. Ninety
six percent of W-178 was excreted by 48 hours, Table 4.

Blood levels of W-178 were at background by 24 hours. The
effective half times of W-178 in the rat bone closely resembles the
long Te components seen in whole body counting of man. We therefore
conclude that the long Te fraction (4% and 1.55%) are due to residual
bone activity and have calculated our bone dose in man accordingly.

The blood clearance and in vivo organ distribution of Ta-178 was
studied in a group of eight healthy volunteers who underwent firstpass
radionuclide angiography using the multiwire proportional counter
gamma camera (MGC). Blood samples were taken every five minutes
beginning at 2 minutes post injection. The samples were counted using
a Nal (T1) detector coupled to a multichannel analyzer. A1l samples
were corrected for decay and compared to a known standard dilution of
Ta-178 activity. Blood volumes were determined based on a factor of
71.4 ml/kg body weight and used to determine the percent dose in the
blood at equilibrium. Organ distribution was approximated by decay
correcting static images obtained over chest and upper and lower
abdomen. In man, 88% of the administered Ta-178 dose remains in the
blood pool at 5 minutes and decreases an additional 13% in the next
twenty minutes, Table 5. No significant organ accumulation was
evident other than the blood and minimal bladder activity.

In summary, we have found that W-178 is excreted similarly in the
rat and man with 96% eliminated by 48 hours. The effective half-lives
(Te) of W-178 in rat bone closely resembles the long Te components
seen in whole body counting in man. We therefore conclude that the
Tong Te fractions (4% and 1.5%) are due to residual bone activity.

The critical organ for absorbed radiation from W-178 is the
bladder followed by bone and ovaries. The actual increase in absorbed
dose to these organs is 15%, 4%, and 2% respectively, assuming 10uCi
W-178 breakthrough for a 60mCi Ta-178 study. This level of break-
through which is maintained throughout the life of the generator does
not significantly increase radiation exposure.

In man, 88% of the administered Ta-178 dose remains in the blood
pool at five minutes and decreases an additional 13% over the next
twenty minutes. It is therefore possible to perform gated cardiac
studies following a first-pass study without the need to specifically
label a blood component.

ANIMAL IMAGING STUDIES:

Testing in dogs and pigs with various sized generators was cond-
ucted. In a number of cases, animals were imaged with the MGC and
Ta-178 and with conventional cameras in the Medical Center on the same
day. Twenty mCi injections of Ta-178 provided images of quality
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TABLE 3
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Houston, Texas 77058

TUNGSTEN-178 ELIMINATION IN THE RAT
"% ADMINISTERED DOSE RECOVERED + S.D.

6 HR. (N=6)

48 HR. (N=6)

URINE

FECES

1.09 + 1.80

93.67 + 2.28
2.93 + 1.33




TABLE 4
EFFECTIVE HALF-LIVES OF TUNGSTEN-178

IN MAN

112 2 _ADRINISTERED DOSE
8 HRS | 957

35 HRS B , 43

11 DAYS 1.5Z

IN THE RAT

1.1/2 ' % ADMINISTERED DOSE
g8 HRS . 981

10 DAYS ‘ . 2%
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TABLE 5

TANTALUM=178 BLOOD ACTIVITY VS. TIME IN MAN

Lyndon B. Johnson Space Center
Houston, Texas 77058

TINE % ACTIVITY NORMALIZED TO 5 MINUTES (N=7)
2 MINUTES - 96.79 + 12.29
5 MINUTES 100.00 + 0.00
10 MINUTES 94.67 + 4.64
15 MINUTES 9475+ 6.58 .
20 MINUTES 1 86.59 + 7.68
25 MINUTES 85.82 + 8.29

ACTUAL 2 ADMINISTERED DOSE IN THE BLOOD AT 5 MINUTES WAS CALCULATED TO BE 87.95 + 12.66.
BLOOD VOLUMES WERE CALCULATED USING A FACTOR OF 71.4 ML BLOOD PER Ke. OF BODY WEIGHT.



comparable to those obtained from 15mCi of Tc-99m with conventional
imaging devices. These studies demonstrated feasibility and demon-
strated that improved study quality would result from the ability to
use larger dose levels of Ta-178 while reducing radiation exposure to
the patient. These results have been published and therefore will not
be repeated here, see Appendix II.

HUMAN IMAGING STUDIES:

Pilot first-pass radionuclide angiocardiography studies in nine
normal human subjects employing 20-40mCi of Ta-178 have demonstrated
excellent image quality with a radiation dose 1/20 that of Tc-99m.
Mean LV ejection fraction and peak ejection and filling rates (end
diastolic volume/sec) for the nine subjects were 63%, 35%, and 28%.
Left ventricular counts, the main determinant of image quality in such
studies, were similar to Tc-99m Baird System 77 studies on a per mCi
basis although higher resolution collimation was employed for the
Ta-178 MGC studies. In comparison with the Baird System 77, superior
image quality was demonstrated by the Ta-178 studies as expected from
improved pixel size (7.5 mm vs 1lmm) and collimator resolution.
Further improvement in image quality is expected with larger Ta-178
injections and optimal collimator selection. A portable MGC with
Ta-178 offers improved image resolution, lower radiation exposure, and
permits repeated rapid studies.

RADIATION EXPOSURE:

The low radiation exposure from the use of Ta-178 is fundamental
to the eventual commercial exploitation of this radionuclide. We have
considered the radiation exposure both from the parent as well as the
daughter fraction. The detailed calculations of organ exposures are
contained in the IND application, Appendix I. The accompanying Table
6 summarizes these calculations for a theoretical study involving
60mCi of Ta-178 and 10uCi of W-178 breakthrough. Although the
physical half life of W-178 is long (21.5 days), the biological
excretion is rapid (both in rats and humans) and therefore this level
of breakthrough is not a serious problem. There is residual W-178
activity believed to be located in the bone and therefore this
question should be investigated further, especially in a pediatric
population with growing bone. It is possible breakthrough contami-
nation could add substantially to the radiation exposure, e.g., if the
growth plates concentrate this isotope. ‘

INVESTIGATIONAL NEW DRUG APPLICATION (IND):

The complete IND application is contained in Appendix 1. Approval
for this IND was obtained in September, 1982. It was clear to us that
the current generator system had a number of serious defects, i.e.,
reliability, early breakthrough, poor yield, unpredictable yield,
organic resin. However, without a better system available it was
decided to attempt to improve the published version of the generator.
It has therefore been our aim to further develop the existing
generator system and this section presents the modified method for
purification of the parent W-178 (6) and describes the performance



TABLE 6
RADIATION DOSIMETRY

(MILLIRADS)
0
. W-178 BREAKTHROUGHT TA-178 STUDY**
ORGAN (10 UCI) (60 MCI)
TOTAL BODY 0.5 37.2
OVARIES 0.9 37.2
TESTES ) 0.5 37.2
BLOOD 0.5 - 102.6
BONE 1.3 37.2
BLADDER WALL 5.9 37.2

TASSUMING ORGAN DISTRIBUTION SIMILAR TO THE RAT USING COMBINED W-178 AND
TA-178 S FACTORS
**ASSUMING UNIFORM TOTAL BODY UPTAKE



characteristics of the generator system build for human use testing
with the multiwire proportional camera.

Production and Separation of W-178

W-178 1is produced by the Ta-181 (p,4n) W-178 reaction. The
target, a tantalum foil (99.979% Ta-181) weighing approximately 12
grams, is irradiated for 18 hours at a beam current of 15 A, using
protons with a maximum incident energy of 43 MeV. The target is
significantly larger than the incident proton beam, making the area of
impact easily distinguishable. Therefore it is possible to cut away
non-activated target and reduce the quantity of stable tantalum. After
the excess tantalum has been removed, the W-178 activity is calibrated
using the 2.1% annihilation radiation of Ta-178 in equilibrium with
W-178 (7,8). To facilitate cooling of the target during irradiation
an indium foil is used as a target backplate. The adhesion of indium
onto the target necessitates an initial separation step prior to the
dissolution of the tantalum target. The indium is removed by
mechanical scraping and boiling in concentrated hydrochloric acid
(HC1). The tantalum target does not dissolve in concentrated HC1,
therefore all tungsten activity is retained. A GE(Li) detector is
used to assay for contaminants on the acid boiled foil and in the
purified solutions of tungsten fractions. The calibrated foil is
dissolved in a teflon beaker using 10 ml of concentrated hydrofluoric
acid (HF) and 5 m1 of nitric acid (HNO3) added dropwise. The
resulting solution is evaporated to almost dryness. Ten milliliters
of HF is added and the solution allowed to evaporate to almost
dryness. Ten milliliters of 6N HC1 and 1.5N HF solution is added and
evaporated to almost dryness. This step is repeated twice. Finally,
10m1 of the 6N HCL and 1.5N HF solution is added and the solution
allowed to cool.

The solution containing the dissolved target is percolated down a
pre-equilibrated 200-400 mesh anion exchange column (2.5 cm i.d. x 30
cm high). The column is eluted with a mixture of 6N HC1 and 1.5N HF.
Ten-milliliter fractions are collected. The fractions are assayed for
tungsten activity using a multi-channel analyzer. The tungsten is
expected to elute off the column in approximately three column
volumes. The collected tungsten fractions are pooled in a teflon
beaker and evaporated to approximately 2ml. Ten ml of 6N HC1 and 1.5N
HF is added and the solution allowed to cool. This tungsten solution
is percolated down a second smaller anion exchange column (1.25 cm
i.d. x 30cm high) pre-equilibrated with 6N HCL and 1.5N HF.
Ten-milliliter fractions are collected and assayed for tungsten
activity. The tungsten fractions are pooled in a teflon beaker and
evaporated to approximately Iml. Three ml of concentrated HC1 is
added to the solution and evaporated to approximately Iml. This step
is repeated. Five ml of O.IN HC1 and 1.0% H,0, is added to the
evaporate and brought to a volume of approxi%a%e]y Im1 by evaporation.
This procedure is repeated three times and finally allowed to cool.
The cooled solution is assayed with a multi-channel analyzer and
transferred to a syringe for calibration in an ionization chamber dose
calibrator.



The dissolution of the target material and the anion-exchange
separation of W0178 from the tantalum target material resulted in an
overall recovery yield of W-178 of 85%.

Preparation of the Generator

The generator is comprised of a 2ml resin bed of anion exchange
resin AG1-X8 (Bio-Rad Labs) that is fitted with a two-way stopcock and
a disposable connecting tube at the bottom. The column and resin are
thoroughly cleaned and autoclaved at 250° F for 20 minutes. The resin
is then equilibrated with a freshly prepared solution of 0.1N HCL and
0.1% H 02. After the resin is packed in the column, the tungsten
so]utign is added via a syringe in a volume of 1lml or less. The
loaded column is washed with 10ml of 0.1N HCl1 and 0.1% H,0,. The wash
is collected in a syringe and assayed for tungsten break%hgough. The
build-up of the generator column and the loading step for the W-178
onto the anion-exchange resin resulited in more than 99.5% of the W-178
retained by the resin.

Method of Elution

The generator is eluted with 1.5m1 of a freshly prepared 0.1N HC]
- 0.1% H,0, solution. The Ta-178 eluant is collected in a syringe
that is gi%ted with a 0.22m filter at the bottom of the column. The
millipore filter provides a terminal sterilization step similar to
commercial generator designs. The generator is kept dry between
elutions to reduce the dead volume of eluant and to 1imit the forma-
tion of free radicals in the solution bathing the organic resin,
thereby decreasing radiolytic damage to the resin. Also, the dry
storage of the unused generator results in a 0.6 ml reduction in
Ta-178 bolus size. We feel that dry storage of the resin is a
significant improvement of a wet column.

Chemical Purity

Potential impurities are important to identify and quantitate in
order to determine the safety and purity of Ta-178 as a radiopharma-
ceutical. The reagents and resin used in the production of the Ta-178
generator are of analytical reagent grade. Known impurities are
identified and quantified in the lot analysis provided with each
reagent. Therefore, it is possible to calculate the concentration of
known impurities present in the final generator eluant. Another
source of potential impurities is the organic ion exchange resin. The
resin used in the tantalum generator is comprised of quarternary
ammonium exchange groups (tetramethyl ammonium) attached to a styrene
divinyl benzene copolymer lattice. Potential degradation of the resin
by acids, oxidants, or ionizing radiation could lead to the introduc-
tion of organic contaminants. Chromatographic columns identical to
the generator columns, but without the radioisotope added, were
prepared. They were kept at room temperature for varying lengths of
time before elutions were made. In order to identify the organic
compounds, mass spectroscopy, gas chromatography and total carbon
analysis were performed on the eluant samples. Quantitation of
tantalum contamination caused by the original target foil is important



for toxicological reasons, and because tantalum in the oxide form
strongly absorbs carrier-free Ta-178 which can significantly lower
generator yield. In an effort to determine the effectiveness of the
purification process and the final concentration of stable tantalum in
the generator eluant, trace metal analysis has been performed. Argon
plasma emission spectroscopy was performed on samples eluted immediat-
ely after the generator was loaded and flushed with approximately 10mil
eluting solution.

The only organic contaminant detectable in the eluant was tri-
methylamine. Its concentration depends on generator usage and varies
from less than 1 to 13.3 ppm per elution usage. The maximum concen-
tration was reached when the generator was left for several days
without usage: frequently eluted generators maintained levels below
1.0ppm (See Table 7). Hydrogen peroxide has no significant effect on
trimethylamine production at the 0.1% concentration level. Also,
levels of trimethylamine in the mock generators were not significantly
different from those loaded with up to 40mCi of W-178. Drying both the
mock and radioactive generators between elutions had no effect on the
trimethylamine concentrations. Spectroscopic analysis revealed
tantalum concentrations of 200 parts per billion, indicating that the
purification process is effectively trapping greater than 99.999% of
stable tantalum. Since tantalum is readily eluted from the column, a
decrease in the stable tantalum concentration would be expected with
continued successive elutions.

The generator uses 1.5ml1 of 0.1IN HCl1 and 0.1% H 02 solution as the
eluting solution. This solution yields an average gf 69% of the
theoretically available tantalum except when the generator is left
standing for several hours. When initially eluted after prolonged
periods without use, the generator yields an average of 40% of the
available tantalum. Increased breakthrough is noted on initial
elution; the reasons for this have yet to be elucidated, but it is
generally observed in chromatographic procedures. The average break-
through per generator ranged from 0.0024% to 0.0068% W-178 per
elution. Breakthrough was determined for each generator until
tungsten reached approximately 5uci per elution at which time the
generator was rebuilt. Routinely, the generator maintains acceptable
levels of tungsten breakthrough for up to 40 elutions. No difference
in elution yield was demonstrated in wet versus dry columns. ATl
gamma rays observed in the generator eluant spectrum can be accounted
for in the gamma spectrum of Ta-178 and W-178 (8). No other radio-
nuclide was detected.

Radionuclide Purity

Radionuclide identification is performed at a number of stages
during the purification process. Using Nal (T1) and Ge(Li) detectors
coupled to multi-channel pulse height analyzers, the tungsten
fractions are identified as they are collected from the primary and
secondary ion exchange columns. A sample of the final tungsten
solution is assayed for radionuclide purity using a solid state GE(Li)
detector. After the W-178 is loaded on the generator resin, samples
of eluant are collected and gamma spectrum analyses performed using a



TABLE 7

Concentration of trimethylamine ( g/ml) in 1.5 ml of 0.1N HC1 + 0.1% Hp02
eluate as a function of the storage time before elution and as a function of

elution volume. ~

Storage

Time Average Concentration ( g/ml) and range in:

(Days) 0-1.5m 1.5 - 3.0m 3.0 - 4.5 m)

1 2.4 (0.1 - 3.6) 0.3 (0.2 - 0.3) 0.1 (<1 - 0.3)

2 2.9 (K1 - 4.6) 0.2 (0.1 - 0.3) 0.02 (0.02 - 0.04)
11 2.8 (1.0 - 4.0) 0.3 0.2 (0.1 - 0.4)

38 9.1 (5.7 - 13.3) 0.9 (0.6 -1.5) 0.8 (0.1 - 2.2)




solid state GE(Li) detector. Generators containing between 10 and
60mCi of W-178 were eluted exhaustively until W-178 breathrough rose
to unacceptable levels.

Biological Purity

A11 generators are checked for the presence of pyrogens and
bacterial contamination. Samples for testing are taken without
passage through the 0.22m filter used during the routine elution.

Both the pyrogen test and sterility test are performed in accordance
with USPXX protocols (9). The limulus test for pyrogens was performed
concurrently with the USP pyrogen test.

Summary

The current generator is based on exchange on a strongly basic
anion exchanger. The effect of HC1 normality and H,0, concentration
on tantalum yield and tungsten breakthrough has preVidusly been
studied (4). It has been determined that eluting the generator column
with 0.1N to 0.15N HC] produces sufficient yields of Ta-178. Using
more concentrated acid solutions shortens the usable life of the
generator by lowering the distribution coefficient (K) of tungsten for
the resin, thereby increasing parent breakthrough. The presence of
0.1% to 0.1% hydrogen peroxide in the eluting solution has been found
effective in reducing tungsten breakthrough. The breakthrough in-
creases with increased usage. This limits the number of elutions to
approximately 40 at which time the generator requires rebuilding.

Under controlled conditions, the current generator system can
reliably provide diagnostically useful quantities of Ta-178 in physio-
Togically-acceptable solutions. The maximum concentration of stable
tantalum detected isGZOOppb, an equivalent of 0.0003mg Ta per elution.
This is more than 10~ times lower than the LD 0 (30mg/kg i.p in the
rat) for tantalum as determined by Cochran, e% al, (14). At a concen-
tration of 13.3 ppm one e]utéon would contain 0.020 mg of trimethyl-
amine, which is more than 10~ times lower than the LD., for trimethyl-
amine (325 ng/Kg i.v. in the mouse) (15). Planned c]?gica] trials
using the multiwire proportional camera will determine the utility of
this short-Tived radionuclide in cardiovascular nuclear medicine.

Ta~178 COUNT RATE LIMITATIONS OF GAMMA CAMERAS:

An important consideration for the future commercial development
of W/Ta generators is the use of Ta-178 with other cameras as well as
the MGC. Good quality images were reported with high energy colli-
mators using Anger and multicrystal collimators. Ta-178 however has a
low abundance of high energy photons (0.5 MeV, 2.1%, 1175-1772 MeV,
4%) that can penetrate the collimator thus lowering the count rate
response. A study using GE and Baird atomic cameras was undertaken to
define this limitation. The methodology and results of this investi-
gation were published in the Journal of Radiology, a copy of which is
contained in Appendix II. We found that as the thickness of the
multicrystal collimators increased from 1.0inch to 2.5 inches, septal
penetration was reduced. However, the sensitivity to 54-65 KeV



photons was also reduced. Therefore, increasing the thickness of the
collimator did not improve camera performance. Since the principle
use of the multicrystal camera is for producing high count-rate first
pass cardiac studies, the significant decrease in the maximum achiev-
able count rate, limits the usefulness of Ta-178 with this device.

As with the multicrystal camera, the Anger camera demonstrates
severe count rate degradation at count rates above about 30Kcps.
However, since imaging with an Anger camera rarely exceeds 20Kcps the
count-rate limitation may not be critical in most cases. The main
limitation is the requirement for medium or high energy collimators.
In certain situations where the need for repeat studies or low radia-
tion exposure outweighs the disadvantages of these collimators, Ta-178
may be the agent of choice.
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Bac kground

The tungsten—-178/tantalum-178 radiocnuclide generator has beenh used by our
laboratory for initial clinical trials in humans. It has proven useful for
clinical research and testing. However, the current limitations of this system
will probably preclude 1ts widezpread use particularly where applications
require larger generators with, for example, 300-500 mCi. This problem has
prompted us to i1nvestigate a number of alternatives to the current column,
including the use of an 1horganic adsorbent.

Neirinchx et al. have studied the behavior of W-178 and Ta-178 on various
inorganic adscrbers without succeeding i1n developing a pharmaceutically
acceptable system (16&), We have continued the search for such a system,
beginning by defining the functional parameters of the so-called "working”
system (Bio-Rad’s AG1-X8 and 0.15N HCl, 0.1% HzDz), to provide a means of
evaluating other potential systems. We alsc studied the behavior of W-178 with
similar organic resins under 1dentical conditions and tried to modify 1t by
changing the halide complex of tungsten. Our final objective was to study the
behavior of tungsten on potential i1norganic adsorbers.

The following solid phases were tested: AG1-X8, AG1-X4, AGZ-X8, AGMP-1,
AMF-1, BRIOGEL HTP t(Bio-Rad Laboratories); controlled pore glass beads (CFPG)
CP3/THIOL, CPG/0AE GBlycophase, CFA/Amincpropyl Amnoethyl (Pierce Chemical
Co.); barium sulfate, bismuth oxide, lanthanum oxide, lead oxide, zinc oxide,
zinc sul fide (Aldrich Chemical Co.); and zirconium tungstate tAlfa Chemical
Co.)

The following liquid phases were tested: 0.15N HC1l, 0.1% Hz02; 0.1M
saodium thiosul fate; Q.1IM sodium nitrate; 0,97 sodium chloride; distilled water;
0.1M dibasic sodium phosphate; 0.1M citric acid; and sodium fluoride solutions
of varying concentrations.

Determination of the Distribution Coefficient (443

We 1ntended to determine by batch equilibration the distribution
coefficient of tungsten for a solid/liquid system under controlled conditions.
This would give us an 1ndex of affinity, or how strongly tungsten 1s held by
the solid phase. This was done by equilibrating approximately 100 mg of solaid
phase with 5 g of liquid phase for approximately 0.5 h. In most cases 100 mg
of material was placed 1n a 15 ml Falcon tube and equilibrated 3 times with S g
of liquid phase. The final system was therefore 100 mg of solid phase and S g
of liquid phase. To this system, 100 pl of a W-178 solution (10-30 uC1) was
added. Each system was done in triplicate. The W-178 was carrier—free 1n a
solution of 0.13N HCl, 0.1% Hz0=. The tungsten solution used 1n these
experiments was purified from a tantalum target as described elsewhere (17).



After the W-178 was added, the system was closed and mixed for 0.5 h
on a Nutator mixer. The tubes were then centrifuged at 1300 rpm for 10
mn 1n an IEC/Damon UV centrifuge. Immediately after centrifugation an
aliquot of the liquid phase was counted for 0.1i-1 min i1n a 2 i1nch Nal(T1)
well crystal coupled to a multichannel analyzer. The early counts were
used to check the affinity of Ta-178 for the solid phase 1n question but
were not used for determination of Ta-178 Kga's. From the difference
between the early counts and the later counts taken after all the Ta-178
unassociated with W-178/Ta-178 equilibrium had decayed, we were able to
estimate reasonably well the affinity of Ta-178 for a given solid phase.
Tungsten Vg’'s were calculated using the x-ray emissions of W-178 and
Ta-178 1n equilibrium, allowing 2 h or more for decay of unassociated
Ta~178 before counting. The percent W-178 per qgram of solid and ligquid
phase was determined and the distribution coefficient calculated as

concentration of W-178 1n solid phase
concentration of W-178 1n liquid phase, or

Ka = percent W-178 1n solid phase x volume of liguid phase
percent W-178 1n liquid phase mass of solid phase

Organic RFesins

We first studied the behavior of W-178 on organic resins. The
generator system we use 1n our laboratory 15 comprised of Fio-Rad’s AGL1-X8
ta divinyl benzene copolymer resin with quaternary ammonium functional
groups covalently bound to the matrix) as the solid phase and 0.15N HCI,
0.1% Hz0-> as the mobile or liquid phase. We performed Kg
experiments with this system to determine 1ts "working behavior” and to
try to reproduce Kg values for W and Ta affinities i1n the literature
t18). We studied the behavior of W-178 on several related solid phases in
order to understand the binding mechanisms. We alsc investigated
different functional groups and complexes of tungsten in an effort to
improve the properties of the system.

Table 8 summarizes the W-178 Ka’s obtained with § organic resins
using 0.15N HC1, 0.1% Hz0=2 as the liquid phase. There 15 a pattern of
decreasing Ka with i1ncreasing crosslinkage. Since the active group for
A5l and Dowexl 1s the same, R-CHzN(CHz)a, as 1s the i1onic form
(chloride), the difference 1n behavior 1s probably due to the variation in
percent crosslinking. Crosslinkage affects a number of resin
characteristics., Highly crosslinked resins have higher wet volume
capacities and are more resistant to shrinking or swelling. They are also
less permeable to large molecules, exhibit slower egquilibration rates and.
have smaller hydrated diameters. Low crosslinkage resins demonstrate the
opposite characteristics. It 1s possible that the i1ncreased permeability
and faster equilibrium rates account for the greater affinmity W-178
displays for lower crosslinked resins. The wet volume capacity 1s
probably of negligible importance at the tracer level and therefore a
resin’s ability to swell would be relatively unimportant. The effect of
hydrated diameter on the Ko value 1s unclear.



TABLE B8--Behavior of W-178 1n 0,15N HCl, 0.1% HzDz on various orgamic
anion exchangers.

Soli1d phase Lharacteristics la

AG1-X4 Strongly basic (AG1), with quaternary 1e1
ammonium group, 4% crosslinkage

AG1-XB Same as above, BZ crosslinkage 100

DOWEX1-X10 Same as above, 10% crosslinkage, greater 88

variation 1n particle size

AGMP-1 A macroporous exchanger chemically 71
equivalent to AGl, more rigid structure,
207% crosslinkage

ARZ-X8 Slightly less basic than AGL, 8% cross- 213
linkage

The behavior of W-178 on AG2-XB compared to 1ts behavior on AGL-X8 1s
interesting. Tungsten displays a Ka value twofold greater for AGZ-XB
than for AG1-X8, using 0.15N HC1, 0.1% Hz0- as the liquid phase. The
functional groups for these resins are

AGL1-X8 F=CHz-N*-(CHz)aCl~
AG2-X8 F-CHz-N*-(CHz)2(C2HL0HIC1~

The polystyrene resin matrix (R) 1s the same for both as 1s the
percent crosslinkage. AGZ2 1s slightly less basic than AGl1 and 1s
excellent for removing hydroxide 1ons from aquecus sclutions (19). The
ihcreased affinity of W-178 for AGZ relative to 1ts affinity for AGl may
be due to the softness of the functional group and the corresponding
stabi1lity of the 1onic bond formed. The ability of AGZ to remove
hydroxide 1ons from solution may be a factor 1n the 1ncreasing Hg 1f the
chemical formula for tungsten in soclution, which Neirinckx et al. proposed
{W(OH)wCl3], does in fact exist (18). The ability of the hydroxyl groups
to interact (1.e., form 1onic bonds) with the functional group of AGZ may
therefore enhance the affinity of tungsten for AGZ2 over AGI.

Effect of lodide Complex Formation on Hg

It 15 known that I~ has a relative selectivaty of 175 for AG1-X8,
using OH- as a standard of 1.0. Chloride 1on (Cl-) has a relative
affinity of 22 (13. With this in nind we prepared an 1odide complex of
W-178 1n an effort to determine the effect of this halide on the
distribution coefficient of tunagsten for AGL1-XB8. It has been demonstrated
by Ehrhardt et al. that forming an iodide complex of cadmium (CdCla~)

1increased the Kqg of this radionuclide for AG1-X8 (20).



To prepare an 1odide complex of tungsten, we combined equal volumes of
W-178 1n 0.13N HC1l, 0.1% H202; and a saturated solution of potassium
10dide 1h a plastic tube and heated at 100° for 15 min and then let the
mxture stand, well capped, for 24 h. For Kg determination we used 100
ul of the W-I mixture and added 1t directly to dry AGI-XB resin (~100
mg). This was mixed by hand for 10 min to wet as much of the resin as
possible. We then added 5 g of liquid phase (HC1/H202) and mixed for
30 min. A control containing the same amounts of W-1 solution and liquid
phase was prepared. The tube containing the resin was centrifuged to
sediment the resin particles from the ligquid phase, and an aliquot of the
liquid phase was counted against the control.

Qur results show a significant i1ncrease 1nh the affinity of the

tungsten 1odide complex for the AGLI-X8 resin (Table 3), although they are
not 1ndicative of a great increase i1n practical generator per formance.

TABLE 9--Behavior of tungsten-iodide complex on AGL1-X8.

Complex Liquid phase Ky S.D.
Chloride HC1/H=0= 100 * 1,63
Iodide HC1 /H=0= 112 * 2,16

We also examined how the order of addition of chemicals would affect
Ka values when using i1odide complexes. All systems contained 100 ul of
W-I complex, 3 ml of 0.13N HCl, Q.14 Hz20=> and approximately 100 mg of
AG1-X%B, 1n the final stage. Appropriate contraols were prepared for each
solution of tungsten., For this experiment all solid phases were
pre—equilibrated with the liquid phase three times before the addition of
the tungsten solutions or the final liquid phase. Five ml of liquid phase
(0, 15N HCl, 0.1% H.0-! were added to two tubes containing ~ 100 mg
of AG1-X8 and the phases were mixed well for 5 min before adding 100 ul of
W-178 solution in 0.1SN HCl, 0.1% Hz0: and as i1odide complex. A third
tube, containing 100 mg of AGL-XB, was drained of excess liquid phase
after equilibration, and 100 yl of the tungsten—i1odide complex were
added. All three tubes were allowed to equilibrate for 0.5 h. Table 10
summarizes the results of this experiment.
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TABLE 10--Effect of order of addition of liquid phase (0.15N HC1/0.1%
Hz02) and W-halide comnplex on Kg of the complex on AGI1-X8.

Order of addition of W-178 W-complex N Actual ¥4
After liquid phase Chloride 100 80
After liguid phase Icdide 106 85
Before liguid phase Iodide 113 113

Whether the tungsten—i1odide complex was added before or after the
liquid phase, 1t had a greater affinity for AG1-X8 than did
tungsten—chloride. These results are not conclusive, however, because
concentration may enhance binding of tungsten.

Feproducibility and Stabality of W-178

During the course of our work we have noted that the affinity of W-178
for most solid phases decreases with time. We have used AGLI-XB as a
reference to follow the change 1n g with time. Our initial
determinations gave us a value of 100 as the g of W-178 for AGL-XB8 1in
0.15N HC1, 0.1% Hz0=. This agrees with the value reported by
Neirinckx et al. (1B) Twelve days later, under similar conditions (liquad
phase, solid phase, equilibration times), W-178 digplayed a Ka of BO for
A51-X8.

In an effort to "rejuvenate” the solution of W-178, we "reprocessed"
1t according to a protocol described previously. Briefly, the W-178
solution was evaporated almost to dryness 1n a Teflon beaker. To this, S
ml of concentrated HCl was added and evaporated almost to dryness, and the
procedure was repeated. Then S ml of 0.15N HCl was added and again
evaporated almost to dryness, and this step was repeated twice. Finally
the W-178 activity was taken up 1n 0.13N HCl, 0.1% Hz0z, giving rise
to a clear solution of W-178.

Using the "reprocessed" W-178 sclution, we repeated the Ku
experiments, using 0.1SN HCl, 0.10 Hz02, and AG1-X8. The experiment
was run 1n triplicate with two controls. We obtained K4 values of 97,
92 and 95 (x = 95 £ Z). Although these values were lower than those
determined i1nitially, we have shown that the W-178 solution can be
"rejuvenated" to 1ncrease 1ts affimty for AGI-XB. The Ka of W-178 with
other adsorbers and resins also decreased on standing.

Behavior of W-178 on Varicus Inorganic Adscorbers

One of our major objectives was to i1nvestigate a number of 1norganic
adsorbers which might be desirable as generator column components because
of their radioresistance and lack of potential organic contaminants.



Neirinckx et al. (16) studied the behavor of tungsten on a variety of
1nhorganlc adsorbers including alumina, silica gels, numerous hydrous
oxides, oxides and insoluble salts of heteropolyacids. We tested oxides,
sul fides, precipitated phosphates and insoluble salts of heteropolyacids
not 1ncluded in Neirinckx’'s work. These included hydroxyapatite, ammonium
mol ybdophosphate (Bio-Rad), zirconium tungstate (Alfa Products), zinc
sulfide, zirconium oxide, zinc oxide, lead oxide, lanthanum oxide, bismuth
oxide, barium sulfate (Aldrich Chemical Co.), and controlled pore glass
beads with covalently bonded functional groups: CPG-THIOL, LCFG-CAE
Glycophase and CPE-Amincpropyl Aminoethyl (Pierce Chemical Co.)

Insocluble oxides and hydrous oxides were of i1nterest because of their
properties of high capacity anion exchange. Anion or cation exchange by
cxides and hydrous osides 1s hhown to occur predominantly by displacement
of hydrogen and hydroxide 1ons from the sorbents, provided that these have
been washed free of i1mpurity 1ons. The amphoteric reactions of hydroxyl
groups are responsible for the adsorbers’ 1on exchange characteristics;
predominant functional groups are probably metal hydroxide bonds (21).

Except for Zr0, none of these metal oxides showed a substantial
affinity for tungsten i1n this liquid phase (Table 11). In most cases
these solid phases demonstrated greater or similar affinity for Ta-178.
Zirconium oxide bound tantalum strongly i1n HCl/H.02. Because of 1ts
high affinity for W-178, 1t was tested with other liquid phases. Maeck et
al. studied the adsorptiocn of metals on 1norganic 1on exchangers 1in
nitrate media (22). Their data show strong retention of W on ZrD at a pH
mare acidic than 3 (Kg ~ 10%). Tantalum at pH 3 exhibits a Kg ~
102 and at pH 1 a Kg of ~ 102-5, We 1nvestigated the behavior of
W-178 on Zr0 1n NaNOs solution at pH 1. In this system, W-178 displayed
a K4 greater than 6,000. Unfortunately, Ta was alsc strongly bound. In
an attempt to separate W from Ta (1.e., reduce the Kg of Ta), small
quantities of NaF were added. Fi1g. 3 shows the effect of i1ncreasing
amounts of NaF on the Vg of W-178., Tantalum behaved similarly.

TABLE 11.-~Affinity of W-178 for metal oxides i1n 0.13N HC1l, C.1% Hz0=z.

Solid phase Ka Affinity for Ta
Zirconium oxide 1800 Yes >
Zinc oxaide 2 Yes >>
Bismuth oxide 20 Yes
Lead oxide <1 No

Lanthanum oxide 15 Yes
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We continued our search for suitable inorganic adsorbers by examining
the behavior of W-178 on the hetercopolyacid salt ammonium
molybdophosphate, zirconium tungstate (a combination of an acid oxide of a
tetravalent metal with a polyvalent anion), zinc sulfide and barium
sul fate (Table 12).

TABLE 12--The behavior of W-178 on variocus inorganic adsorbers with
HC1/H-0- as the liguid phase.

Solid phase Fa
Anmonium mol ybdophosphate 1100
Zirconium tungstate 24
Zinc sul fide < 2

~
—

Barium sulfate

Of this group only ammonium molybdophosphate (AMP-1) displayed a high
affinity for W-178. This material alsoc showed a relatively low affinity
for Ta-178. We estimated that approximately 18% of the available tantalum
was found 1n the liquid phase (as we had no pure, long-lived 1sotopes of
tantalum, we could not perform Kg calculations for Ta with this
system). This looked quite promising, as the available tantalum which was
in the ligquid phase of AG1-XB and related resins was about 20%.

Not having a suitable Ta 1sotope for determining a Kg, we
constructed a generator column with AMP-1, Unfortunately, the material 1s
microcrystalline and when pacled 1n a colunn effectively blocks supporting
frits and displays poor flow characteristics. There 15 a way of
1hcreasing the flow, but 1t requires a covalent attachment to silica gel
that 1s not feasible. Further worl 1n this area may prove fruitful 1f the
characteristics of AMP-1 are unchanged when 1t 1s bound to a secand solid
phase.

Behavior of W-178 on Hydroxylapatite

W-178 15 selectively retained 1n the bones of animals we have studied
(23). Therefore we hypothesized that a material which 15 chemically
simalar to bone may 1n fact show this selective binding. We used
Bio-Fad's Biogel HTF (hydroxylapatite) as the solid phase and a
non-chelating buffer at pH 8.5. This system had a Kg for W of ~28,
with a much greater affinity for Ta than for W.
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Controlled FPore Slass Beads with Various Functional Groups

All of the previously described i1norganic systems failed to give us a
suitable replacement for the organic resin based system (Bio—Rad’s AG
type). We therefore sought functional groups similar to those of the
organic resin but with inorganic solid support. Leyden et al. reported
that W, as tungstate at the nanocgram level, may be recovered from saline
solution using controlled pore glass beads (CFPG) treated with
N-f-aminoethyl—y-amnopropyl trimethoxysilane (24). Maximum adscrption
occurred 1n a pH range between 4 and S (100%). OQOur efforts to reproduce
this work with carrier—free tungsten as a heteropolyanion gave a Kag
value of about 9. This corresponds to approzimately 30% of the W being
bound to the adscrber tgram:gram basis).

We studied CPG supports with other functional groups in hopes of
achieving greater W-17B binding. The second CFPG studied was CFG/C0AE
(quaternary trimethylammonium chloride). (AGl has a trimethylammonium
functional group). We performed Vg experiments using CPL/0AE and ©.15N
HCl, 0.1% Hz0z. The Ka was approximately 18, significantly lower
than those with AG1 or AGZ.

The last CPG ewchanger to be studied was CPG/THIOL. CPG/THIOL
contains a covalently attached hydrocarbon extension arm, terminating i1n a
free reactive thiol group. These free thiol groups have been used to
remove heavy metals from soclution (25). We studied CPG/THIOL 1m various
liquid phases with interesting results. Table 13 summarizes the behavior
of W-178 on CPG/THIOL 1n varicus liquid phases.

TABLE 13--Behavior of W-178 on CPG/THIOL 1n various liquid phases.

Liguid phase Fa
0.15N HCl, 0.1% Hz0= 138
0.1M NaNOg 8
0.1M NazS520a 937
0.9% NaCl 2,558
Distilled water 8,62

CPG/THIOL shows great potential as an 1norganic adsorber for W-178.
All liquid phases tested demonsirate higher Hg values than the "working
system" based on AG1~-X8. From our estimations 1t seems all combinations
tested have a higher affinity for W than Ta, and except for distilled
H20, all have significantly less affimity for Ta.




Summarx

We have reproduced the Ko values found in the literature for the
"working" W-178/Ta-178 generator column. We have found that the W-178
solution purified from a Ta foi1l i1rradiated with protons shows a
decreasing affimity for the AG1-XB resin over time, when 1t 15 allowed to
stand 1n dilute HCl. We were able to "rejuvenate” this soclution by
reprocessing to attain Ko values similar to those found with freshly
processed material.

Our study of W-178 behavior on the AGS1 and AGZ type resins (Bio—Fad?
showed the effects of crosslinkage and degree of basicity on Kg. The
ARl type resins demonstrated greater Kg values (AG1-X4: 161, AG1-X8:
100) with lower crosslinlage. The AGZ type resin, with a wealer basic
functional group, had a greater Kag (213) than AG1-X8 with similar
crosslinkage, probably because of the ability of this resin to scavenge
hydroxyl 1ons. From these results one could conclude that the optimal
organic system would 1n fact be AGZ-X8 or AG2-X4 1n 0.13N HC1l, 0.1%
Hz0=.

The limted experimentation with 1odide complexes of W-178 and the
uncertainty of the chemical species does not allow us to form strong
conclusions about the usefulness of this halide complex. It does,
however, warrant further i1nvestigation with particular emphasis on
long-term stability of the conplex.

0f the i1norganic materials studied, excluding the CFa's, conly
zirconium oxide and ammohium molybdophosphate (AMP) showed high affinity
for W-178. Zirconium oxide may be suitable as an adsorber 1f a ligquad
phase can be found which forms stable complexes with Ta-178, thereby
allowing 1t to come 1nto soluticon and pass through the column; oxine
(B-hydroxyguinclinhe) may be useful as such an agent. Ammonium
mol ybdophosphate also showed great potential, strongly binding W-178
without a strong affinity for Ta-178. Unfortunately, the flow
characteristics of AMP when 1t 1s packed 1n a column are poor. Changing
the AMF by covalently attaching 1t to a larger diameter inert support may
severely alter the adsorption characteristics by greatly reducing the
sur face area. Further work i1n this area 1s warranted.

The testing of hydroxylapatite as an adsorber because of the long-term
retention of W-178 1n baone was a long shot which did not pay off 1n the
li1quid phase used (buffer pH 8.5) because of the high affimty of
hydroxylapatite for Ta-178. The factors involved with 1n vivo
localization are complex and not altogether understood, but our results
(Kg ~28) showed that on a gram per gram basis (liquid to sclid phase),
~9€6-97% of the W-178 was bound to hydroxylapatite. Further work with
various liquid phases may show interesting results.

Controlled pore glass beads gave the most interesting results,
Although the amino based functichal groups were the most chemically
similar to the AG1 and AG2 type resins, neirther displayed affimity for
W-178 to a great degree. QOur study of W-178 on CPG/THIOL with various
li1quid phases was most promising. In all the liquid phases studied, W-178
showed a high affinity for the solid phase and when our initial counts
were compared to later counts, Ta-178 seemed to display a substantially



lower affinity for these sclid phases. Further work 1s warranted with
variouz liquid phases and long lived 1sotopes of tantalum, as well as
freshly processed W-178 solutions for the construction of trial
generators.



SUMMARY :

Extensive research of different absorbents and eluents by both
E.R. Squibb and Sons and by Baylor College of Medicine failed to
demonstrate an exchange column superior to the Bio-Rad AGI-X8 resin
eluted with dilute hydrochloric acid and hydrogen peroxide. Signifi-
cant improvement in the original processing and column preparation
were achieved resulting in an approved IND for human use after
extensive safety and efficacy testing in animals. The first testing
of Ta-178 in humans was conducted using the NASA developed multiwire
gamma camera. These studies documented the theoretical advantages of
Ta-178 and the MGC for radionuclide angiography including reduced
patient radiation exposure. This latter point is extremely important
to NASA because of additional exposure received during spaceflight.
These basic studies have been sufficiently successful that
Mallinckrodt's Diagnostic Products Division has agreed to supply
processed columns to continue the research at Baylor College of
Medicine.



10.

11.

12.

13.

REFERENCES

Neirinckx RD, Holman BL, Davis MA, et al: Tantalum-178 Labeled
Agents for Lung and Liver Imaging. J. Nucl. Med. 20:1176-1180,
1979.

Holman BL, Neirinckx RD, Treves S, et al: Cardiac Imaging with
Tantalum-178. Radiology 137:525-526, 1979.

Holman BL, Harris GL, Neirinckx RD, et al: Tantalum-178. A
Short-lived Nuclide for Nuclear Medicine: Production of the
Parent W-178. J. Nucl. Med. 19:510-513, 1978.

Neirinckx RD, Jones AG, Davis MA, et al: Tantalum-178 - A New
Short-Lived Nuclide for Nuclear Medicine: Development of
Potential Generator System. J. Nucl. Med. 19:514-519, 1978.

Neirinckx RD, LeBlanc A, Vogel M, et al: W-178 - Ta-178
Generator: A Study of Chromatographic Behavior of Tungsten and
Tantalum on Inorganic Adsorbents. Presented at the 3rd
International Symposium on Radiopharmaceuticals, Julich, Germany,
1982.

Neirinckx RD, Ku TH, Holman BL, et al: Production and
Purification of Tungsten-178. Int. J., Appl. Radiat. Isot.:
30:341-343, 1979.

Nuclear Data Sheets, National Academy of Sciences, National
Research Council, Academic Press, New York and London.

Lederer CM, Shirley VS, eds. Table of Isotopes John Wiley & Sons,
Inc. New York, 1978.

The Pharmacopeia of the United States of America, 20th Revision.
Mack Publishing Co, Easton, PA 1980. pp. 902-903, 878-882.

Loevinger R, Berman M: A Revised Schema for Calculating the
Absorbed Dose from Biologically Distributed Radionuclides. MIRD
pamphlet No. 1, Revised. New York, Society of Nuclear Medicine,
March, 1976.

Snyder WS, Ford MR, Warner GG: Estimates of Specific Absorbed
Fractions For Photon Sources Uniformly Distributed in Various
Organs of a Heterogenous Phantom. MIRD pamphlet No. 5, Revised.
J. Nucl. Med., 1978.

Tantalum-178 (T4 9.3m) "Output" decay data, courtesy of Mary R.
Ford, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

LeBlanc AD, Lacy J, Johnson P, et al: Ta-178 Count Rate
Limitations of Anger and Multcrystal Cameras. Radiology
146:242-243, January 1983,



14,

15.

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.

Cochran KW, Doull J, Mazor M, et al: Acute Toxicity of Zirconium,
Colubium, Strontium, Lanthanum, Cesium, Tantalum and Yttrium.
Arch, Ind. Hyg. Ocup. Med. 1, 637-650, 1950.

Fairchild EJ, Lewis RJ, Tatken RL: Eds. Registry of Toxic Effects
of Chemical Substances. Vol. I & II, 1977 Edition DHEW Publ. No.
(NIOSH) 78-104-8.

Neirinckx RD, et al: In Proceedings of the American Chemical
Society Symposium on Ultra Short-Lived Radionuclide Generators,
1983.

Neirinckx RD, et al: Int. J. Appl. Rad. Isot. 30:341-343, 1979.
Neirinckx RD, et al: J. Nucl. Med. 19:514-519, 1978.

Bio Rad Laboratories, Catalog K, 6-14, 1985.

Erhard GJ, et al: J. Nucl. Med. 24:349-352, 1983.

Fuller MJ, Chromatography Rev. 14:45, 1971.

Maeck WJ, et al: Anal. Chem. 35:13, 2086-90.

Babich JW, et al: J. Nucl. Med. 24:122, 1983.

Leyden DE, et al: Anal. Chem. 48:1, 67-70.

Pierce Chemical Co., Handbook 211, March 1983.
AY



APPENDIX I
IND



APPENDIX: 1
Notice of Claimed Investigational Exemption
for a New Drug (IND)

Submitted to Food and Drug Administration

(NN



WErAR IMLN, Wl NCAaCI() Aatw WSS sl iv P v Lo

PUBLIC HLALTH SERVICE
FOQD AND OHUG ADMNISTRATION

NOTICE OF|CLA|.'\.1ED INVESTIGATIONAL EXEMPTION

| FOR A NEW DRUG

U aof thus oo ton a8 preaddaldaes o abigr & U N

NOTE No drug may be shupped or study nutidied untess
a compleie statement has been recesved (21 CFR 312 1{aX2)

Namic of Sponsor

Technologqy Inc., Life Science Division

Address 17625 E1 Camino Real Suite 311

Houston, Tx. 77058

3ate July 1, 1982

vame ol Investigational Drug _Jantalum-178 as a sterile, pyrogen-free, buffered solution for

Lo the Sceretary of Health, Education and Welfare
“ar the Commissioner of Food and Drugs

Jurcau of Drugs (HFD-100)

030 Fishers Lanc

Rochville. Maryland 20857

dcar Sir

Technoloqyv Incorporated, Life Science Division

. intravenous injection.

ORIGINAL PARZ S
OF POOR QUALITY

. submits

The sponsor.

his notice of claimed investigational excmption for a new drug under the provisions of section 505(i) of the Federal Food. Drug. and
rosmetic Act and §312.1 of Tatle 21 of the Code of Federal Regulations,

Attached hereto in triplicate are

I The bost avastable desenptine name of the diog. including to the extent
nown the chomical name and structure of any new-drug substance, and a
atement of bos s to bo adnuaastered (I the drug has only acade name,
nough informatior skould be supplnd o wdontify the Jrug)

2 Campite hist ol componenis ol the drug indduding any reasanable
lteraatas tor anuctne components

Y Complete satemen tol quanttatne compostion of drug including
s0nLbIE varations th e miay be capected duning the investrgational stage

4 IDxsrpuon of source and preparation ol any acwdrug substanmees
wd as compancnts, includiag the nanic and address of cach supplar or
roconsor athcr than the sponsor, or cach nuw-drug substance
5 A satemient ol the muthads, facibtics, and controby used tor the
anutectuning prococsang and packing of the new drug to ostabiinh and
aintain appropiate standards of deatty sirength quabty, and punty as
reded for safety and to gine gmilicance to chinical imestigations made with
L drug
6 A satcment covenng all information available 1o the sponser durined
om prechacal investigations and any chinteal studies and expurience wath
« drug as lollows
¢ Aduyuate information about the prechimical imvestivations ancdudeng
udies made on laboratary amimals on the basis of winch the spansor has
ncluded that 1t s reasonably sale to initiate climcat imestigations with the
'up Such informat.on should include denuficstion of the person who
inducicd cachimvestigation e ntification and qualilikations of the tndivid-
i who caaluated the ravults and conduded that 1t s reasonanls sale to
mate chimcal imvestigatians with the drug and o swtenient al whero the
vestigations were condscted and where the recurds are avahible tor
wpecuon 4 cuough ditwbs abaut the inestizations 1o permut scientitic
view The procioal iavestipations shall not by considered adeyuate ta
iy clinical testing untoas they pive proper aticatnm 1o the candians ol
¢ proposcd chimcal ising: When this salonmation the outha. ot the plan
cdenscal pharmia ology, or any progros separt on the dineal pharevacal-
Moondicates g oredd for full ecview of the prechir wld data hetone a chinical
4l v undealon, the fxparinear wall aotity the sponsor (o subnant the

JRM FDA 1571 (4/80)

complete preclinical data and to withhald chnica! trigls unti! the 1ovaew
completed and the sponser notifivd The Food and Dreg Admia st sion will
be prepared to conter with the sponsor coireerrirg this ation

b If the drug has neen marketdd commeraally o invest wd e g
outside the L mited States) comphte intorniation about such distirbut.on or
v estigation shall be subimutted, alonpe with o compicte ibiiography of ars
publhications about the drup

¢ If the drug & combmation of provienshy imvastigated or merheaed
drugs, an adequate summaey of preexntiag iaformatien trom pruddines! 2ne
clucal investigations and cxpenence with 1ty components nduding il
reports avadluble o the sponsor supggesting sde~tfects contiaind.. stidns
and incflectinencss 1n use of such componcnts Such summarny shocld 1eddudes
an adeguate abliorraphy of publications about the componcris and My
mcorporate by reforcace any information zoncermpy salh componants
praviowndy subnuticd by the spansor to the Foad and Drup Admin «tratron
Include a statement of the expecied pharmacological effects ol the
comb.nation

d ! the drug v g rmidioactine drug. sufficient dara must be avaloble from
aamal studies or previous human studies to allow g reasonabic caleutation ot
radiation absorbed dose upon adminstranion 1o a humaa bang

7 A total {onc in cach af the three copies of the nonce) of 4% infarmational
material, including labed and labeling which s 10 be supplid to cach
tmestipator This shall inddude an dccurate doseniption of the prior investiza-
nons and capurieace and therr results portinent to the salety and posabic
usefulness of the drug under the conditions of the investication 1L shall aot
represent that the safety o usfulacss af the drug has been establinhod o the
purposes 1o be imvestigated. 1t shall desenbe all relcvant hazaids. contra-
indications sideffeds and precautions suggasted by prior imeugations
and cxpericnce with the drug uader investigation and eclated drugs fur the
information of chnical investigators .

K The saenufic traumng and capenence convdured appropriate by the
spomor ta quahfy the mvestigatons as sintablc experts to imvestigate the sateny
ot tho drug haaning i mind what s known aba ke pharaucalogical acton of
the drug and the phase of the ivestigational progran that is 1o be undurtaben

PREVIOUS EDITIONS ARE ODSOLETE



9 The mames and ¢ sumanaey of the tenme and csparanee oF cadh
vl s and of the individuad choped with momtanng the progress of
ohe teseshestn ard daluating the cvrdonee of it and ditcctinaness ol the
trug as it s nounad feem |l‘n- mvstipators tagethor wath g statemont that the
wnomar s obtiind from [SY T stigator g comploted amd sgied toom as
aroudid 1t subpasacraph (1) or (1Y) of this paragraph. and thar the
investigator s qualilind by o ntilie trameng and Cyporonce as anappropa-
He Cpart o udurtahe the phas of the mvaostiganon outhned i section 1o
e "Notice o Clamed Invostgational I xompoon tor o New Diag " (n
phare Voanvastigatonsy may be added and this Jorm
apptemuntad by tapid communication mctheds and the signed torm
F0-157Vshali be obtanud prompils thoeatier )

10 An ovtht ¢ of any phase or phases of the plannad imvastipations and a

~ructal sttuations

aceription of the insttutonal rovew commisttee as follows

3 Clineal pharmacology This i ordimants divided o two phases
Phase 1 starts when the acw drug s fisstiniroduced into man
ard in vdre data are availablc with the purpose of detvrmunng hunan
tonveity, metabolism  absarpnon, climination and other pharnucoloesl
actonn, prelerred coute of admimistration and safc dosagn ranpe phas 2
casers the imzial taals on o hinuied number ol patienis tor spoailic disaase
control or prophyianis purposes A goacral outhae of thow phases shiadl b
swubmitted. idenuiving the mvaes@izator or avoestigators the hospatals or
re~carch facihities whore the chmical pharm olopy will by undertaken any
sxpert commutices or pancis to be utilized the maumum nunther ol subpects
to be imvolted. and the esumated duration o those carly phases of
mvestigation Moditication ol the oxpenmental design on the basis of

anly ammal

expenence garned aced be reported onlvan the progress reports on those carhy
phase, or 10 the devddopment of the plan tor the chnical il phase 3 The
est two phases may overbap atd whonindicated  mus seyinre addimonad
wmmal dota bulore these phases can be compluaed or phase 3 can be
undertaben Such anicwal tosas shall be designed to take anto account the
sxpectid duratton ol adaunstration of the drug to human bangs the age
geaups and phyvcial sty as tor example, infanis, progiant women,
cremenopaussal women ol those human bemgs to whom the diug may be
sdnunntered. unloss this has alrcady boen done mothe angmal anemal studios
it a drugas g radioactine drug the chimal pharmacoiogs phase mest include
sud.oy which will abtaun sulficient data lor dosimetry calculitions These
vudres should evaluaie the exeretion, whole bady retention and organ
distnbution of the rudioactine maternal

b. Chrucal trial This phase X provides the assessment of th, drug s afety
ind cffectivencss end aptimum dosge schedules in the diagnosis, treatmont
or praphybass of groups of subects imalving s gnendiscasc arcondition A
rcasonabic protocol s developed an the basis of the tacts accumulated in the
saclicr phases, including completed and subnutied animal studies T his phase
o conducted by separate groups following the same protozol (with reason-
ible rvunations and alternatives permiticd by the plan) to produce well.
sontiolled chinical duta For this phase. the following data shall be subnuiied

t. The names and addiesses of the imvesugators (Addstional insestigators
may be addud )

n The speerfic nature of the investigations to be conducted topether with
nform ition of case report furms 1o show the scope and dotal of the planncd
sumcal observations and the chinical laborgtory tesis to be made and
-crorcd

wi The apronimate number of subi.cts (a reasonable range of subjects s
permiible and addiions muy be inade) and cntena proposed for subject
wlecuon by ape. wx and condiion

. The cvtimated duration of the chimcal tnal and the intiervals not
SMeicding 1 osear at which progress reporis showing the results of the
mvestigations will he subnutted to the | oad and Drug Adnunstration
It the phases of clinrcal study s
2OCHDbd wndee |7 and b above are conducted on institutionalizgd suhjects
wrare canducted by an indinvidual affiliated with an institution which BRICCS
Y awume responsihilinn for the studs  assurance mist by given that an

c Inmstitunonal review  commuttee

htutiongd review commuttee iy responsibic for imital and continuIng review
and approval of (he proposd chnical study - The memburship must he
~omprined of sufflicicnt mombors of varving bachground that v lawvens
deepymen, or lavmen an well as s ntings to assure conmpite and adoguate
teview of the rowearch propet The membarstup atast possass aot ondy hroad
SmACtente o comprohond the nature of the projuct hut abso other

N3] . .
Petencies accessary to judge the acceprabitiny of the propet or gctivatyan

[T LA U Y, A RN TTRTATA N D ULICLE LA LA S NN S S DT IR UL W T T IYRUL VR S LT [MANIR AL "
pracine, and COoMmmuMIy aephime  Asuianee atnst e prosentad tha
acithee the spomsor nor e mvastipator has paitiapacd i sohtn of
conuntiice mumbues that the v comant'ag dins net i patiicipation
10 s toview and concfusens by ansy indivduoad involved i e comduct of the

roscanh actinay undor ioview ([eveept 1o provde information to the com-
auttee) “that the investigator will roport to the commutice lor fovew aim

cmergent problums sonons advarse reachions or proposd prosdual
chunges which mav athot the states ol the imvangation and that mo such
chanye will be muade winlioun comanttee appraval exeept whore mcessan to
chimnite apparnt imniediate hazards the rovnas of the study will b
conductd by the review comnutted at inturvabs appropaate 1o i dogne ol
risk, bt Aot oaeeeding Foacar 1o assure that the roescarch proqet s buang
conductid i complunce with the comanttvs unda entanding and recomuien-
dations that the rivew committee s provided all the information on the
research projs accessany for ats complete revies of the projedd .tnd that the
revicw commitiee anuntams adeguate docenwatation o s aciivates and
durdlops adoquate procedures for soposting s hndigs 1o e wstiubon The
documerts matntined by the comnutiee are o udude tae nimes ard
quahlications ol commitiie memben records of intormation provided 1o
subjeaty i obtaming informed conwnt commiticy discinson an substantnge
it and thaar resolution commuitice cccommendations. and dated nopoits
of succesine reviems as they are pettarnind Copies ot all documents are to b
retined tor a peried of Y scars past the complonon or discontinuaiee of the
study and are e be pade available upon roguest o duhs authonizaad ropresen-
tatives of the Tood and Dreug Adminmistration (Fasvorable sccamme ndations
by the comauttee are subicet to turthor eppropristc oo and sacctioa by
institutton ofticials Unlavorable recommrandations rostrctions or cerds-
tions may aot be overruled by the imstitution olhicials ) Procedures tor the
organization and opuration of institutional frovivw comnnitues e contaan.d
1n gduhnes isued pursuant to Chapter 140 of the Gran's Adninesi s
Manual ot the US Dopartront of Hoalth Education and Wit e asvabahig
fram the US Government Paatag Oltice It s recommend.d that those
_gwdidines be follpwed in establishing instututional revew comnitees and
that the conumittees tunctysn accord fy to the procedures doseribed tneron
A signung of the Farm P D-1571 wall be rogarded as proviciig the abose
necesary assurances It the astitutron howesar, has oa Gl weth b
Ipartment of Health Fducauon, and Willan
Grants Nanonal Institutes of Hoalth an ~aceepted gurera! sssaranee ~ord |
the same commuttee v 1o review the propased study usimg the sarse proge-

dures this s accaptable 1 bow of the ahove assurances at d o starennat to this

effect should be provided with the siened FDAESTY (Inwddiion o sponse s
continuing responsihithty to monitor the study the Foaod and Direg Adnuinmis-

teatton will undertake investigations ininstitattons ponodicaily to detersune

whether the commuttees are opurating the accord with the assuraaces pnen

by the spansor)

(The nouce of clamed investigational cxempton may be himited *o am
onc or more phasas, provided the outhne of the additional phase or paases o
submitted betore such additional phines bogin This does not preciude enn-
unutng & subject on the drug from phase 2 to phase Y without intereuption
while the plan for phase ¥ is being davdoped )

Oidinanty. g plan for cimcal tnal will not be recarded as raasan thie
unless among other things it provides tor more thn ore indep.ndont
compctent imvestizator 1o maintain adeguate case histories ol an adoguate
numbher of subiects dusiened to record obsrvations and pormt evatuatior of
any and all discernible oftccts attnhutable o the drug 0 cach ndnaduad
treated and comparable records on any individuahy emploved as controls,
These records shatl be individual records far cach subpeat mantainud o
include adequate information pertaning 1o cich ancluding age sex. condi-
nons treated dosage trequency of adounntration ol the deuz. resulis of all

Divisior of Rowarch

refervant chinical obw rvanons and luboratery ¢xanunatiuns made adequate
information concera ..o any athur treatment gien and o full statement of gy
adverse offects and usciul results observed together with an opraion as o
whether such diects or results are attnibutable to the deug under
investipation .

1) A statement that the spansar will noufy the Tood ard Deug
Admmintiatton d the investicatian s discontinued and the reasan thordior

12 A stidrent that tha spansar will notity vach imvestizdtor il a acy -
drug apphiation s approved o i the investigation s disco i e

IV Af die drug s 10 be sold o tull explanation why sideoms requucd and
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sthorgid (00 B g rded Iy i Comnercisiization o 0 e drug lor whn han
Applnanonn s fo approsed

14 A statemant that the sponsas assures that chacal studies in humans

will et b anmond prioe 1o W d s atier the date of recapt ol e natng by
the £ asd and Drug ,\Jn,mnu.nmu and that he will continte 10 withhoid or
o resirnt chinwal studies it scgquestad 10 do o by the Tood and Dreug
Adnnnintration pooe 10 the exprration ol such W) dass 11 such reguest s
made. the sponisor will be providod speaihic informution as (o the dohiciunons
and will be uttordad g corloronee on regaest The W-das, dulay may be
wanned by the Food and Drug Adaumisteation upoa & showing of good
reasen for such wainer and ton imeshizatians sub et 10 nntitubiona frovew

Ve truly vours

commutie approval asdosentod i em 10 ghove and addetsonal statcment
assurmg that the mvestigation will aot b initiaied proor to approval of the
studs by such commatice,

1S When regquested by the accnes an eaviconarental inpact analvaes
repart puesuant 1o $28 1 of this chapter

16 A statement that ol nonchimcal liboratory studins hase been, or wil
be. conductied in comphunce with the coad luhoratony practice regulations
set forth i Pare SX of this chapter o of such stadies have mot been
conducted invomphance with such regulibions & statement that deerihes in
detail all ditterences dutween the practines uwd 1n conducung the siudy and
thowe reguired inthe regutations

SPONSOR
Technology Inc., Life Science Division
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o
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(This natiee may he amendod o supphomenied Trom nme to tne on the hasis of the cxputence gaund wath the
acw drug Progios reporis mon b osad 1o update the fotice ) P
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1.

2.

3.

Best Descriptive Name:

.Tantalum-l78 (T 1/2 = 9.3 min.) as a sterile, pyrogeﬁ-free, buffered so-

lution for intravenous injection (pH 6.5)4 The chemical form of Tantalum

in this preparation is most likely Ta(OH)

. (1)

Complete List of Components

1.
2.
3.
4.

Tantalun Ta-178 as Ta(OH)*

"0.1N HCL and 0.1% H,0, solition as eluant
Sterile water for 133 ction

Dibasic sodium phosphate

Quantitative Composition of Drug

1.

2.

Tantalum: The quantity of tantalum will vary depending on the acti-
vity of the parent Tungsten-178 and the amount of stable tantalum
remaining after purification of the tantalum cyclotron target.

Stable Tantalum: Tracer analysis using Argon Emission Plasma Spec-

troscopy has been used to determine the amount of stable tantalum
present in the generator eluant. Results of this test determined the

ggncg?tration of tantalum to be 198 parts per billion ppb (see Appen-
ix 3).

198 ppb = 1.98 x 10™* mg/m

1.98 x 107" mg/ml x 1.5 ml per dose =

2.97 x 10'4 mg per dose

0.000297 mg per dose

Contribution of Tantalum-178 to total tantalum:

mCi x dps/mCi x T 1/2 (min) x 60 sec x Avg. Life Factor

InCi x 3.7, 107 x 9.3 min x 60 sec x 1.443 =
2.979 x 10"~ disintergrations to complete decay/mCi.

10 -12 .
2.979 x 10 é3178 = 8.8 x 10 grams Ta-178 per mCi.
6.023 x 10 )

Stable Hafnium-178

Since Ta-178 decays 100% to Stable Hf-178 the concentration of haf-
nium will be equal_ﬁ? that of Ta-178 after complete decay thereby
yielding:- 8.8 x 10 grams Hafnium-178.

1.5 m1 of a O.IN HCL, 0.1% H,0,_solution

5.469 mg HCL in 1.5 m! O.1N HCL

-1-



4.

5A.

3./ 0.5 m! of phosphate buffer pH 9.2

31.9 mg of Na,HPO, in 0.5 ml solution

Sources and Purity

1.

2.

3.

4.

5.

Tantalum Metal (as a cyclotron target)
Purity 99.979% Reactor Experiments, Inc., 963 Terminal way, San

_Carlos, California 94070

Hydrochloric Acid, AR, (ACS), HCL approximately 37%, Mallinkrodt,
Inc., Paris, Kentucky . .

Hydrogen Peroxide 30% (Stabilized), Baker Analyzed Reagent, J.T.
Baker Chemical Company, Phillipsburg, New Jersey.

-

Sodium Phosphate Dibasic, AR, (ACS), Anhydrous, Mallinkrodt, Inc.
Paris, Kentucky or J.T. Baker Chemical Company Phillipsburg, New
Jersey. .

Sterile Water for Injection, USP, Abott Laboratories, North Chicago,
I11. 60064.

Production and Purification of Tungsten-178 (T 1/2 = 21.5 days)

1.

3.

4.

5.

The high purity previously cleaned Tantalum foil is irradiated with
protons at Nasa's Lewis Research Center in Ohio. The reaction in-
volved for the production of the parent is Ta-181 (p,4n) W-178 (2).
The foil is received in one piece and the process begins with the
counting and calibration of the foil activity as well as the spectral
identification of the foil activity using a Multichannel Analyzer
connected to a NaI(T1) detector. The foil is cut so that the center
most section of the foil containing the greatest concentration of ac-
tivity is used for the production of the generator. This section of
foil is then transfered to a teflon beaker previously sterilized in
an autoclave and rinsed with sterile water for injection (SWF1), USP.

The Tantalum foil is dissolved in approximately 10 ml of concentrated
Hydroflouric Acid (Mallinkrodt, Paris, Kentucky) with approximately 5
ml of HNO., added dgopwise to the solution while heated at a constant
temperature of 150°C. .

When the metal has totally dissolved the solution is allowed to eva-

.porate to a volume of approximately 2 ml. At this time 10 ml of

conc. HF is again added to the evaporate and this solution is again
allowed to evaporate down to approximately 2 ml (not quite dryness).

Again 10 ml” of conc. HF is added to the evaporate and again it is

" allowed to come down to a volume of 2 ml while on the hot plate.

At this time 10 ml of concentrated Hydrochloric Acid is added and
again allowed to evaporate down to approximately 2 ml or less.



6.

8.

At this time 10 ml of a solution containing 6N HCL and 1.5N HF is
added to the evaporate. This is allowed to evaporate to approxi-
mately a 2 ml volume. This step is repeated twice.

At this time 10 ml of a solution of 6N HCL and 1.5N HF is added to
the teflon beaker containing the evaporate and allowed to cool.

An ion exchange column is prepared using Anion Exchange Resin AG 1-X8
(BioRad Labs., Richmond, CA). The total capacity of the resin is 3.2

" meq/dry gram and 1.4 meq/ml resin bed. An excess of resin is added

9.

10.

11.

12.

13.

14.

to a teflon beaker where it is prewashed with distilled water. The
water is decanted after the resin has settled and an excess of 6N HCL
and 1.5N HF is then added to the resin for equilibration. This HCL +
HF solution is decanted and an excess of the HF + HCL solution is
?gain added, mixed gently and allowed to settle. The resin is then

oaded on a column 30 cm high x 2.5 cm inside diameter which has been
fitted with a teflon wool plug. The total quantity of resin added to
the column is 150 ml. The capacity of the resin is therefore 150 ml
x 1.4 meq/ml = 210 meq. The weight of the fraction of irradiated
target to be processed is less than 10 grams.

181 = 90.5 mg 90.5 mg x 210meq = 19.005 ¢
2 meq meq

19.005 g is then the capacity of 150 ml of resin for tantalum. This
is at least a two fold excess of resin, and more likely three fold
with our average foil fraction weighing 6-7 g. After the column is
loaded 30 ml of HF + HCL solution is passed through it to insure that
none of the resin is leaking from the column.

The column is finally eluted so hat the .level of eluant is just
above the resin surface.

Now the evaporate from step 7 is added to the column. At this time
we begin to collect 15 ml fractions of eluant. The evaporate is
allowed to come down to the surface of the column before more solu-
tion is added to insure that all the evaporate has entered the resin.
At this time two, 15 ml portions of the eluting solution are added to
the column and brought down to just above the resin surface.

The eluting solution is now added to the top of the column and the
fraction collecting continues. Ve expect the Tungsten to elute from
the column in approximately 3 column volumes or 450 ml.

The Tungsten fractions are identified using a multichannel analyzer.
All tre fractions are pooled, and the total volume is approximately
100 ml.

The pooled fractions are then added to a teflon beaker and evaporated
to bring the volume down to not quite dryness (approximately 1 ml).

10 m1 of the HCL + HF solution is then added to the evaporate and
allowed to cool.
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17.

18.

19.

20.

21.

This evaporate is added to a second anion exchange column 30 cm high
x 1.25 cm i.d. containing 40 ml of AG 1-X8 anion exchange resin, pre
equilibrated with 6N HCL o 1.5N HF solution as was the Primary column
(see step 8), capacity of resin is 5.068 g Tantalum.

The primary column eluant which has been evaporated and brought to a
volume of approximately 10 ml with 6N HCL and 1.5N HF is now added to
the secondary column. It is allowed to come down to just above the
surface of the resin and then 15 ml of the HF and HCL solution is ad-
ded and brought down to the surface. This is repeated once again
before the column is filled with the HCL and HF eluting solution.
Fractions are collected in 10 ml portions. The tungsten is seen at
approximately 65 - 75 ml.

The tungsten fractions are collected (approx1mately 60 m1) and pooled
in a teflon beaker.

The secondary column eluant is then evaporated down to a volume of
approximately 1 ml.

3 ml of concentrated hydrochloric acid is added to the evaporate and
evaporated to not quite dryness (< 1 ml). This is repeated once.

5 ml of a 0.1N HCL and 1.0% H,0, solution is added to the evaporate
and brought down to volume (< % ml). This is repeated once.

2 ml of O.IN HCL and 1.0% HZOZ solution is then added and allowed to
cool.

58. Preparation of Tungsten 178/Tantalum 178 Generator

1.

2.

An excess of anion exchange resin AGl1-X8 (Bio Rad Labs, Richmond,
California) is added to a prewashed, prerinsed teflon beaker. The
Resin is then washed with an excess of SWFI. The excess liquid is
decanted and the washing repeated twice before the beaker is covered
with alumnium foil, and wrapped in autoclave paper.

The generator column is comprised of a 4 ml borosilicate glass bar-
rell econo-column (Bio-Rad Laboratories, Richmond, CA.) with a two-
way stopcock (Pharmaseal, Inc. Glendale, CA.) at the bottom. This
column is washed with detergent, rinse with tap water vigorously and
then rinsed 5-10 times with pyrogen-free water. The column, with
stopcock attached, is then wrapped in bio-shield sterilization wrap
(American Hospital Supply Corp., Evanston, I1linois).

Both the resin in the teflon beaker and the column congained in the
sterilization wrap are autoclaved for 20 min at 250°F (15 psi),
(American Sterilizer Company, Erie, Pa. Type QDS 2036).

After sterilization is completed the resin is equilibrated with 0.1IN
HCL §nd 0.1% H,0,. The excess solution is decanted and the equili-
bration step 152 r?epeated twice.



5./ At this time a sterile disposable connecting tube (Cook, Inc. Bloom-

6.

7.

8.

ington, IN.) is attached to the stopcock. The equilabrated resin is
brought up into a sterile disposable 5 cc syringe and loaded onto the
colunn. The final volume of the resin bed is approximately 1.5 ml.

Now the evaporate (step 5. A, (21)) is introduced onto the column via
a sterile disposable plastic syringe. The evaporate is passed
through the column and the eluant is collected at the bottom by a 10
cc disposable plastic syringe. The beaker containing the evaporate
is rinsed with a solution of 0.1N HCL and 1.0% H202 and passed

through the column.

The column is now flushed with 5 ml of the 0.1N HCL and 0.1% H202
solution, which is passed through a Millex-GS filter (0.22 um) (M71-
lipore Corp., Bedford, Ma). The flush which passes through the col-
wnn is assayed for activity. Gamma spectrum analysis, and mass spec-
trometry are performed for identification of any radionuclide or mn.

The column is now fitted with a Millex-GS filter at the top of the
colunn and each syringe is fitted with a Millex-GS 0.22 um filter
before being attached to the connecting tube, for terminal sterili-
zation.

5C. Preparation of Buffer Solution (pH 9.2)

1.

The buffer solution is prepared using glassware prepared as described
in Appendix 1. To a 100 ml volumetric flask 6.388 g of dibasic sodi-
un phosphate is added. This is brought to volume with sterile water
for injection, USP (Abbott Labs, North Chicago, IL). The pH of this
solution is checked using a pH meter (Beckman Model 76 Century SS,
Beckman, Inds., Fullerton, CA).

This buffer solution is then transfered asceptically into sterile,
pyrogen-free, 30 ml, empty multi-injection vials (Elkins-Sinn, Inc.,
Cherry Hill, New Jersey 08034). This is done by attaching a Millex-
GS filter to a 10 cc sterile disposable syringe (Pharmaseal, Inc.,
Glendale,-California) with the plunger removed. The filter is then
fitted with a sterile 21g needle (Beckton, Dickinson and Co., Ruther-
ford, New Jersey). The top of the vial is swabbed with isopropy!
alcohol 70% and then the needle is introduced into the vial. The
buffer is then poured into the barrel of the syringe and delivered
into the vial. This is done for 3 vials using separate needles,
syringes, and filters for each one. All lot numbers of reagents and
vials used in the preparation of the buffer are recorded. Each batch
of newly prepared buffer is also given a lot number. \Vork sheets for
the preparation of the buffer can be found in Appendix 4. Sample
from each lot of buffer are tested for sterility and pyrogencity.

SD. Elution of the generator

1.

0.5 cc of the phosphate buffer is asceptically drawn up into a 3 cc
syringe.



2]

.3.

4.

The syringe is then fitted with a Millex-GS filter and attached to
the connecting tube at the bottom of the generator.

Freshly (daily) prepared eluting solution (0.1N HCL and 0.1% H202) is
passed through the column and into the syringe. A volume of approxi-
mately 1.5 cc is drawn into the syringe.

The pH of the resulting solution is 6.5.

SE. Quality Assurance Testing

1.

2.

3.

Sterility and pyrogenicity testing are performed on samples taken
from each newly constructed generator and each newly prepared lot at
phosphate buffer (according to USPXX). Samples taken from both the
generator (as eluant) and the phosphate buffer are sent to outside
Laboratories for determination of pyrogenicity. Both generator
eluant and phosphate buffer are tested for sterility by the Microbi-
ology laboratory at NASA/Johnson Space Center. Routine pyrogen test-
ing will be conducted by our laboratory using the Limulus Lysate
Pyrogent Test. Routine Sterility testing will be done by the Micro-
biology laboratory at NASA/JSC. All results will be kept on file in
our laboratory. (See Appendix 2 for results).

Radionuclidic purity of the generator eluant is determined for each
newly constructed generator. A germanium- (lithium) solid state
detector-coupled to a multichannel analyzer is used for acquisition
of emission data. The data is analyzed by computer and a copy of
this data is kept on file.

Determination of residual (carrier) tantalum metal is done using ar-
gon plasma emission spectroscopy. This is done to insure that our
processing is effectively trapping all the tantalum metal. In this
manner we are able to determine the specific activity of the radio-
nuclide and assure carrier free concentrations. (See Appendix 3 for

results).

Chemical purity of the generator eluant is checked via mass spectros-
copy and total organic carbon analysis. In order to identify and
quantify possible organic contaminants mass spectroscopy and total
grganic carbon analysis (TOC) is run on samples of each newly con-
structed generator. TOC 1is repeated periodically to determine

changes in the quantity of organic contaminants (i.e. trimethylamine)

present. (See Appendix 3 for results).

5F. Labeling ‘

1.

The label of the administered radiopharmaceutical will have on it the
following:-

a. Subject's name and file number.

b. Name of drug, concentration, lot number.

c. Calibration date and time with noted activity.

d. Caution - New Drug limited to investigational Use.

e. Caution - Radioactive material with standard emblem.

-6-



6A.

Toxicity of Components

L.

2.

3.

5.

Cochran et. al. have studied the toxicity of tantalum in animals
(rats). They found the LD for tantalum chloride, administered via
intraperitoneal injection, EE be 38 milligrams per Kg and for tanta-
1um flouride 173 mg per kilograms (i.p.) (3).

The amount of tantalum injected per dose of the tantalum-178 radiop-
harmaceutical has been calculated to be 2.97 x 107 mg (the contribu§
tion of the radiocactive Ta-178 is assumed negligible at 8.8 x 107
mg/mCi). Assuming the normal %ybject is 70 kilograms we would calcu-
late our doge to be 4.24 x 107" mg/Kg stable tantalum. This is more
than.8 x 10”7 times less than the LD50 for tantalum in the rat.

The daughter of tantalum-178 is stable hafnium-178. Haley et al.(4)
have studied the toxicity of hafnyl chloride in mice and determined
the LD, to be 112 mg/Kg with a range of 93.3 to 134.4 mg/Kg. Since
tantalim-178 decays 100% to Hf-178 we can say there are an equal num-
be[7of hafnium atoms present at thg end of decay. This amount 3.5 x
10 mg per 40 mCi is more than 10" times below the LD50 for hafnium.

Studies (5) on the toxicity of Dibasic Sodium Phosphate (Na,HPO,)
have yielded data on the lowest lethal dose in three different
species:

1000 mg/Kg i.p. in the rat.

1000 mg/Kg subcutaneous in the rat.
1000 mg/Kg I.M. in the rat.

298 mg/Kg I.V. in the dog.

1075 mg/Kg I.V. in the rabbit.

3 .
Assuming that the toxicity in man mimicks that found in the dog (298
mg/Kg) and calculating our dose to be 0.456 mg/kg we calculate a mea-
sure of safety to be 654. That is our dose in 654 times below the
LD50 for intravenously injected Dibasic Sodium Phosphate in the dog.

Preliminary organic analysis on the generator eluant indicates the
presence of trimethylamine. Trimethylamine 1is believed to be a
breakdown product of the quarternary ammonium exchange site. This
quarternary ammonium is the active site for exchange on the anion ex-
charge resin used for the generator column. Gas chromotography and
total organic analysis indicates the amine to be present at a maximum
concentration of 24 parts per million (ppm). This concentration be-
ing equal to 0.024 mg/ml or 0.036 mg/injection. The LD., for tri-
methylamine is 325 mg/Kg (I.V. in the mouse) (5). Basifg our dose
and calculations.on a 70 Kg 6subject, the administration of 0.036
mg/injection is more than 10" times below the LD (I.V. in the
mouse) . 50

A subacute toxicity study was performed in our laboratory using fe-
male Sprague-Dawley rats. Each rat (approx. weight 300 gm.) was
injected daily for eight days with a dose 117 times the normal human
dose on a per kilogram basis. Weights of each animal were recorded
daily prior to injection (1.P.), and three days after the last injec-
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tion prior to necropsy. No significant changes in body weight were
noted. Gross anatomical examination performed by Craig Fisher, M.D.
of the Johnson Space Center, Houston, Texas showed no pathology.
Histological examination performed by David Judge, M.D. of the Metho-
dist Hospital, Baylor College of Medicine, Department of Pathology,
Houston, Texas showed no pathology.

An acute toxicity study using rats injected once with 234 times the

"normal human dose showed no gross antomical or histological pathology

(D. Judge, M.D.).

Preclinical studies of Ta-178 have been done on a number of animals
at the Johnson Space Center, and at Harvard University. No path-
ologies or anomalies were noted in reference to the use of the
Tantalum-178 radiopharmaceutical.

6B. Radiation Dosimetry

1.

Using biodistribution data obtained from preliminary animal studies
(1) along with the MIRD committee recommendations and pamphlets
(6,7), we have calculated the dose to significant organs from Ta-178.

Absorbed fractions were obtained from MIRD pamphlet No. 5 (7), and

?qui;ibrium dose constants, Ai, were calculated from decay data
8,9).

General Assumptions:

?. 7)A1] assumptions made here are those found in the MIRD system
6,7).

b. There is instantaneous uptake of the radiopharmaceutical in all
organs.

c. Tissue distribution is uniform in all organs except when calcu-

lating liver and blood dose.

d. The effective life of the radiopharmaceutical is 9.3m, assuming
infinite retention in all organs.

e. There is homogeneous uptake of the radiopharmaceutical in each

organ.

f. Dose calculations will be based on an injected dose of one

millicurie.

Ah = Cumulated activity (uCi-hr) in source organ.

i% = 1.44 x T 1/2 effective x Injected dose (uCi) x % uptake.

S(rk+~rh) absorbed dose per unit cumulated activity.

S(rke—rh) = I 8§ 0 (re—ry)

A; = equilibrium dose contant (gm-rad/uCi-hr)

mi(rk(——rh) specific absorbed fraction of energy for target organ

rk for particles i emitted from source organ The



2.

D = mean absorbed dose (in rads) to a target organ r
(rke— rh) from a radionuclide distributed uniformly in a sourcé

organ ry.

P4

ﬁ(rke—-rh) = Ah S(rke—-"h)

Total Body

".Assuming 100% uniform distribution, instantaneous uptake and infinite

retention of the radiopharmaceutical throughout the total body we
calculate the dose to the total body as follows:

L and

Ij.(rkq—-rh) = Ah S(rke—-'rh)

% = (1.44 x 0.155h x 1000 uCi x 100%)

N

S(rke—rh) 2.7768 x 1078

_ Sl
Bkrk<r-rh) =  6.198 x 107 rads per millicurie

DTB = 0.6198 millirad per millicurie

Testes, Ovaries, Red Marrow

Assuming there is uniform uptake of the radibpharmaceutical through-
out the total body, we estimate the dose to the testes, ovaries, and
red marrow as being equivalent to the calculated total body dose.

D = 0.6198 millirad per millicurie
Liver

Preliminary studies of the biodistribution of tantalum-178 in phos-
phate buffer (pH 7.0) in rats shows 13% uptake in the liver (1).
This is in excess of the uniform uptake of the liver by 10.43%. The

following equation (10) was used to determine the absorbed dose to
the liver:

A
——M—zAnpﬂnp*r[M- ‘) s 9 (Le1L)
‘K L
= L a P (L&—TB)

absorbed dose to the liver for all radiations (rads).

D

+

cunulative activity in the liver (uCi-hr).

Y >t =

= cumulative activity in the total body (uCi-hr).

z >
—
™

L mass of the liver.



5.

[ MTB = mass of total body.

.} np” equilbrium dose constant for non-penetrating radiations.

gnp = absorbed fraction for non-penetrating radiations.
O

Blood

Preliminary studies (1) report radiopharmaceutical distribution in
the blood to be 37%. Ve have therefore calculated the absorbed dose
from non-penetrating and penetrating radiations.

= 2.28 millirads per millicurie

For non-penetrating radiations we have used the following equation:

UEnp = —%E— I Anp P np

where D 0 = .ab§orbed dose to the blood from the blood, for non-
penetra 18@ radiation.

'A-B = cunulative activity in the blood (uCi-hr)

‘Mg = mass of blood

Anp = equilibrium dose constant.for non-pentrating radiation
Pnp = absorbed fraction for non-penefrating radiation

Bgnp = 1.375 millirads per millicurie

$) .

 For calculating the absorbed dose to the blood from penetrating radi-

ation we consider the blood to be uniformly distributed throughout
the whole body and calculate the absorbed dose using the specific
absorbed fractions for total body (11).

Using the equation below for penetrating radiation only, we have cal-
culated the absorbed dose for photons.

A
0 = AS
- _ A
Dg100d P AS (TB«—TB)
a—
ATB = 1000 uCi x 1.44 x 0.155 x 100%
StBe—8) = 8 Org1g)
_ "= 1.492 x10°° ]
D8100d p = (223.2 uCi-hr) (1.492 x 107° rads/uCi-hr)

0.333 millirad per millicurie

-10-



| Total Dose to the Blood

ol

DBnp + DBp

1.375 + 0.333 = 1.708 millirads per
millicurie

6C. Radiation Dosimetry Summary

7.

9.

) millirad per millirads per
Organ millicurie 40 mCi dose
Total Bod 0.62 24.8
Ovaries* ¥ 0.62 24.8
Testes™* 0.62 24.8
Red Mgrrow* 0.62 24.8
Liver 2.28 91.2
Blood® 1.71 68.4

* assuming uniform Total Body Uptake
assuming 13% Uptake
assuming 37% Retention

There have been no prior clinical investigations using Tantalum-178
in humans. All informational material acquired in phase I of this
investigation will be recorded and supplied to the investigators in
phase II. No relevant hazards are known for the radiopharmaceutical
under investigation. The LD5 ‘s for all components have been cited
and the dosages of each and” their relative margins of safety have
been calculated. It is suggested that women be excluded from pre-
liminary testing due to the uncertainty of determining pregnancy and
the unneccessary chance of possible exposure to the fetus.

Investigators should be qualified Nuclear Medicine physicians with
expertise in the safe handling of radioisotope and clinical experi-
ence with cardiovascular imaging. Other investigators should be ex-
perienced .in cardiology and/or internal medicine.

The names and summary of the training and experience of each investi-
gator and the individuals in charge of monitoring the progress of the
investigation can be found in Appendix 5. Clinical Pharmacology
forms (FDA 1572) have been received from the investigators named be-
Tow (Sec. 10.2, 10.3) and are on file with the sponsor.

10. Planned Investigations

1.

Test Hypothesis

Tantalum-178 is a short-lived nuclide whose inclusion into the cur-
rent arsenal of medical radionuclides would allow a significant re-
duction of radiation exposure for the patient population. Animal
studies using tantalum-178 labeled liver and lung imaging agents show
good agreement with images obtained using technetium-99m labeled
agents (12). Other studies with animals comparing Ta-178 and Tc-99m
first-pass radionuclide angiocardiography have demonstrated that

-11-



2.

-

Ta-178 can be used in this manner with conventional imaging systems
(13). The physical characteristics of tantalum-178 make it an at-
tractive diagnostic tool. I[ts production via decay of the long-lived
parent tungsten-178 allows for the construction of a generator system
which supplies the short-lived nuclide over a long period of time.
The short half-life of Ta-178 provides it with a relatively low radi-
ation dose, estimated to be one twentieth that of technetium99m. The
low energy photon emissions of Ta-178 allow the use of the Multiwire
Proportional Camera for Nuclear Medicine imaging. The energies of
Ta-178 are better suited for detection by the MWPC than by conven-
tional NaI(T1) Crystal Cameras (Anger and Baird Cameras), (14,15).
The MWPC is capable of higher count rates than either the Anger or
Baird cameras, thereby providing increased spatial resolution of the
images obtained. The camera itself is lightweight and portable al-
bowing it to be useful in the intensive care unit setting. Produc-
tion of the camera is rather inexpensive in comparison to those used
at this time in Nuclear Medicine Clinics. These factors concerning
the MWPC make it an attractive instrument for study and development.

It is therefore our objective to evaluate Tantalum-178 and the MWPC
as a system for first-pass radionuclide angiocardiography. First-
pass radionuclide angiocardiography using Technetium-99m and the
Baird Multicrystal Camera is an accepted technique for the measure-
ment of cardiac parameters as is the Tc99m multiple gated cardiac
study using the Anger Camera (16,17). Our evaluation will be based
on the comparative results of these tests as ‘explained below in 10.3.

Phase 1

Phase I of the clinical investigation will be conducted using normal,
healthy volunteers who are employees at the Johnson Space Center,
Houston, Texas. The subjects will be males over the age of 21. The
number of subjects in phase I will be limited to ten.

This phase of the planned investigation will be conducted at the Life
Science Research Facility, Johnson Space Center, Houston, Texas. The
investigators include P.C. Johnson, M.D. and M. Bungo, M.D.

Prior to any testing all informational material concerning Ta-178 and
the MWPC will be reviewed by the JSC Human Research Review Committee,
the JSC Radiation Safety Committee (RSC), and the Medical Isotopes
Operations Subcommittee of the RSC. No testing will begin without
approval from the above mentioned committees. _

This phase of the investigation is intended to provide the investi-
gators with information on the distribution, metabolism and excretion
of the radiopharmaceutical. Each subject will be given a dose of the
radiopharmaceutical in the range of 10 to 40 mCi. Blood clearance
will be determined and organ distribution will be studied. Blood
clearance will be determined by taking sequential blood samples from
the subject and plotting blood activity verus time. Organ distribu-
tion will be done by taking multiple spot images of major organs.

-12-



3.

3.

Data acquired from these preliminary investigations should lead to a
more accurate calculation of the absorbed radiation dose as well as
an optimum dose of the radiopharmaceutical (mCi).

Phase I1

Phase Il of the investigation will be conducted at the Methodist Hos-
pital, Baylor college of Medicine, Houston, Texas. The additional

*investigators include L. Polinar, M.D., Director Nuclear Cardiology,

Methodist Hospital and S. Jhingran, M.D., Director of Nuclear Medi-
cine, Methodist Hospital. Prior to the implementation of any part of
phase II all information will be reviewed and approved by these in-
stitutions' Radiation Safety and Institutional Review Committee. The
maximum number of (patients) subjects to be involved is one-hundred.
The duration of the study will be one year. Subjects included in
phase II of the planned investigation will be volunteers selected
from the patient population of the Nuclear Cardiology Department.
Criteria for selection of subjects is that they have been referred to
Nuclear Cardiology for a first-pass or multiple gated angiocardio-
graphy study. In addition to this requirement the subject must also
be male and 21 years of age or older. Once a subject has beer se-
lected and consents to participate in the study he will be briefed as
to the purpose and procedures of the test. The benefits and hazards
will be explained. Prior to the first-pass.or multiple gated radio-
nuclide scan which the patient has been scheduled, the patient will
undergo a first-pass radionuclide scan using tantalum-178 imaged with
the multiwire proportional camera. This will be done one-half hour
prior to the Technetium-99m radionuclide angiocardiograph.

Data obtained with the Tantalum-178 angiocardiogram will be evaluated
in relation to data obtained with the Technetium-99m/Baird and Anger
Camera Systems.

Further evaluation of Tantalum-178 angiocardiograms will include com-
parative studies with contrast angiography. Patients referred to
Cardiology for contrast angiography will be screened for inclusion in
this study. The criteria for subject selection is that they be male
and over the age of 21.

Parameters considered for evaluation and comparison for both nuclear
medicine and radiological procedures are: (1) ventricular ejection
fractions, (2) ventricular volumes, (3) ventricular wall motion, and

(4) cardiac output.

Written consent will be required of all subjects involved in both
phase I and phase II of this investigation (see appendix 6 for copies
of consent forms).

The sponsor will monitor the progress of the study and keep updated
reports of all findings. Observations of any and all adverse re-
actions associated with this investigation will be reported to the
FDA and kept on file by the sponsor.
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11.

12.

13.
14.

15.
16.

I

Stagement of discontinued investigation

I, the sponsor, will notify the Food and Drug Administration if the
investigation is discontinued, and in so doing state the reasons
therefore.

I, the sponsor, will notify each investigator if a new drug applica-
tion is approved, or if the investigation is discontinued.

- -

Not Applicable.

I, the sponsor, testify that clinical studies in Humans will not be
initiated prior to 30 days after the receipt of the notice by the
Food and: Drug Administration and that I will continue to withhold or
rebrief -clinical studies if requested to do so by the FDA prior to
the expiration of such 30 days.

Not Applicable.

A1l non-laboratory studies have been or will be conducted in com-
pliance-with-geod laboratory regulations as set forth in Part 58.

-14-
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Appendix 1:  Reagents, equipnent, and
glassware preparation,



Appeaatlx L

, Procedure and Available Facilities
i
'Reagents

Nitric Acid 70% AR

. Hydrofluoric Acid 48% AR
Hydrochloric Acid 37% AR

Hydrogen Peroxide 30% AR

High Purity Tantalum Foil 99.979%
Dibasic Sodium Phosphate

. Sterile water for injection, USP

(e AN SV ]
e ® o o .

~J

Apparatus

1. 2 -250ml and 1 - 150 ml Teflon Beakers 2. 1 - 30 cm x

2.5 cm 1.D. Chromotography Column
3. 1 -30cmx 1.25 cm 1.d. Chromotography Column

4. Hot plate

5. Balance

6. Chemical Fume Hood

7. Nalgene graduated cylinders 1 - 100 ml, 1 - 50 ml, 1 - 25 ml
8. 4 ml econo-columns

9. Anion Exchange Resin AG 1-X8

10. Teflon wool

11. Sterile disposable tubing connector

12. Sterile disposable syringes 3 cc, 5 cc, 10 cc.
13. 2 ml Pyrex disposable pipets with bulbs

14. 1 - 100 ml volmetric flask

15. 30 ml sterile injection vials

16. Millipore 0.2Z um filter disposable

Preparation of Sterile Glassware

1. Wash all glassware well in detergent solution (Alconox, Alconox
Inc. New York, NY)

2. Rinse glassware with rapid tap water.

3. Soak for 4 hours in strong solution g chemsolv (Mallinkrodt)
diluted fourfold in hot water.

4. Rinse thoroughly with distilled water and then with pyrogen-free
water.

5. MWrap in aluminum foil and autoc]aveoat 15 psi for 1 hour.

6. Finally bake in hot air oven at 180°C for 2 hours.



Appendix 2:

Results of sterility and
pyrogenicity testing.
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Sample: zdﬁ,’f(_lﬁz, \,;(Zg (Zu'(_‘ /77' /
Test requested: :;’/J..v,[c,ﬁL

Requested by: ./ Krz/w// /ﬁu «)72,&-& 7'{/— .
{
Date Received: GQL/._, 7 /PP '

" RESULTS: )

(771'- ?4:‘,,# ,(7_-,,' /41142:,/&/ L 75,_/3’ et _7—/(4;._/

144

ORIGINAL PAGE 1S
OF POOR QUALITY

Date reported \Qx/ﬁ 7, 5
v /7 o
Initial  75¢%
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Test requested:  S7ez.c, oy

Requested ty:
Date Received: 7 Q{/M /95 2

" RESULTS:
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M. B.A. LABS g

[, MICROBIOLOGICAL "AND BIODCHEMICAC
ASSAY LABORATORIES

PO BOX 9461, 340 § 66TH ST HOUSTON TEXAS 2701
TEL 713928 2701

PYROGEN TEST RZPORT

ORIGINAL PAGE IS

Sample submitted by: TECHNOLOGY IMNC. OF POOR QUALITY
Date received: . 6-7-82
Date completed: T 6-18-82
Sample: PHOSPHATE BUFFER
Lot number: 060382
Laboratory report nunber: H-2466
RESULTS
The samrple was found to beé NON=-PYROGENIC
Amount of semple injected intravenously: .07 ML/KG

Animal # 4 Animz) #5  Anigels

Weight (kg) . 2.2 2.3 2.3
Control temperature °c. 39.5 39.0 39.3
Temp. 1 hr. after injection °C. 39.8 38.7 40.0
Temp. 2 hrs. after iniection °C. 39.9 38.9 39.7
Temp. 3 hrs. zfter injection °C, 39.5 39.1 39.3
Temperature rise °c. 00 +.10 0

The samplg was tested for pyrogens according to the procedure
outlined in U.S.P. X X,

¢
|



Sample submitted by:

{

M. B.A. LABS

MICROBIOLOGICAL AND BIOCHEMICAL
ASSAY LABORATORIES

PO BOX G481, 240 S 65TH ST HOUSTONMN TExAS 7701

TEL 713923 270!
PYROGEN TEST K=PORT

TECHNOLOGY INC

Date received: 6-7-82
Date completed: 6-18-82
Sample: GENERATOR ELUANT M-1

Lot number:

Laboratory report number: H-2466

RESULTS

The semple was found to be NON PYROGENIC

kmount of sanple injected intravenously: 0.28 ML/KG

Animal # 1 Animal

wWeight (xg) 2.6 2.3

Control termperature °c. 39.2 39.5
Temp. 1 hr. after injection °C. 38.7 39.3
Temnp. 2 hrs. zfter injection °c. 38.8 39.3
Temp. 3 hrs. after injection °C. 58.8 39.3
Tempéerature rise °c. -.4° —.2O

The sample was tested for pyrogens according to the procecdure
outlined in U.S.P. X X.



M. B. A, LABS

MICROBIOLOGICAL AND BIOCHEMICAL
ASSAY LABORATORIES

PO BOX 9461, 3423 S 66Tm ST
TEL 713928 2701

HOUSTON, TEXAS 7701

Sample submitted by: TECHNOLOGY INC.

Nate re.eeived: 3-16-82

Date completed: 32482

Laboratory report number: H-1986

Sample identification: GENERATOR ELUENT (L-1)
FROM 2~10-82

RESULTS

THE $AMPLE WAS FOUND TO BE NON- PYROGENIC

AMOUNT OF SAMPLE INJECTED INTRAVENCUSLY: 0.28 ML/KG

ANTMAL §1
WEIGHT (KG) 2.15
CONTROL TEMPERATURE OC. : 38.3
TEMP. 1 HR. AFTER INJECTION OC. 38.3
TEMP. 2 HRS. AFTER INJECTION Oc. 38.6
TEMP. 3 HRS. AFTER INJECTION Oc. 38.8
TEMPERATURE RI1SE O, " 40.5
TOTAL TEMPERATURE RISE +0.6%¢

ANIMAL #2

2.38
38.4
38.1
38.1
38.2

-0.2

THZ SAMPLE WAS TESTED FOR PYROGENS ACCOPDING TO THE PROCEDURE OUTLINSD IN

U.S.P. X¥, 1980, PG. 903, RADIOACTIVE PHARMACEUTICALS.
XX

Reported by r.l\ 0 Anand ) f: gln\,é\{ //




M. B.A. LABS

I MICROBIOLOGICAL AND BIOCHEMIC AL
! ASSAY LABORATORIES

PO BOX 9461 342 S 66TH ST HOUSTON, TEXAS 727011
TEL 2939232701

Sample submitted by: TECHNOLOGY INC.
Date received: . 3-16-82.
Date completed: 3-21-82
Laboratory report numder: H-1986
Sample identification: PHOSPRATE BUFFER
PREPARED 3-8-83 ) ‘
FILTERZD AND PACKAGED 3-9-82
RESULTS

THE SAMPLE VWAS FOUND TO BE  NON-PYRCGENIC

AMOUNT OF SAMPLE INJECTED INTRAVENCUSLY: 0.07 ML/KQ

ANIMAL &4 ANIMAL 55 ANIMAL 26

WEIGHT (KS) 1.98 . 2.0u, 2,27
CONTROL TEMPERATURE OC. 38.9 ° 38.3 38.4
TEMP. 1 HR. AFTER INJZCTION OC. 38,8 37.9 37.8
TEMP. 2 HRS. AFTER INJECTION OC. 38.7 38.0 37.9
TEMP. 3 HRS. AFTER INJECTION OC. 38.6 37.8 37.8
TENPERATURE RTSE OC. ©—0.3 -0.5 -0.6
TOTAL TEMPERATURE RISE O.OOC

E SAMPLE WAS TESTED FOR PYREGENS ACCCRDIMS TO THZ PROCEDURE CUTLINZD IN
U.S.P. ¥4 1980, PG. 903, PADIOACTIVE PHARMACEUTICALS,
XX

N .

___Reported'bys T-A«,MKD K'—[w, ‘L’Jf7
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REPORT OF ANALYSIS

ORIGINAL PAGE IS

SUBMITTED BY Technology, Inc.
OF POOR QUALITY

P. O. Box 58827
touston, Texas 77058

MARKS.

8/20/81

YOUR PO NUMBER §197

SAMPLE TESTED Decayed Generator Eluent (Tunesten 178 +
Tantalua 178) in 0.1ICl + 0.1% h2 2

TESTED FOR PRESENCE OF PYRCGENS

According to the precedure outlined inthe US P XX, we hove

DATE RECEIVED

S A NuUM2ER

9/1/81

lested somple marked  Decayed Generator Eluent (Tuagsten 178 4 Tantalum 178) in

O0.13uCl + 0.1% }1202 ®
ond fourd it to be PYROCGIZ: FI'EE

when injected

1.6 ml.

ntravenously into healthy animels  }one  of the .

ammaols disployed signs of i efiect duning th2 parformonze of this test’

Tempercture Tempercture
Control 1 he. after 2 hrs cfler
Temperature Injection fnjcchion
mol No Weight °C °C. o °C.
1 5.4 kg. 39.3 39.2 39.3
oo 2.9 kg. 39.0 38.9 38.9
] 3.4 kg. 39.2 39.6 39.6

‘pll of test sacple as reccived = 2.0,
inmecdiately prior to injection.

(1/3 of total sample volume) per aninal

, undilutesd,

Temperature

TELEPHONE 314 487 6776

C

DATE Septemder 15, 193]

téﬁ@@

Tempercture

3 hes efier Rise
Injecticn
:C CC
39.3 0.0
39.2 0.2
39.5 0.4

Sample adjusted to pH of 7.0 with sedium hydroxide

SCIENTIFIC ASSOCIATES, INC.

8\67/\1%,!/ Wb
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STERILITY TEST REPORT -
SUBHMITTED BY: Technology Incorporated DATE COMPLETED: September 9, 1981
P. 0. Box 58527
Houston, TX 77058
LOT KUMBER: 8/26/81
. ’ YOUR P.0. NUMBER:
JATE RECEIVED: September 1, 19381 6197
SAMPLE ANALYZED: DECAYED GE.ERATOR ELUENT (Tungsten 178 & Tantalum 178)
3.A. SAMPLE NUIMBER: 299663 NUMBER OF UNITS TESTED: 1
XX £78-882

METHOD OF TESTING: U.S.P. KZ¥, pg. RH4554Y) testing 0.1 ml of 1 x 6 ml unit
by membrane filtracien. :

XESULTS : MICROBIAL GROVTH IYW STERILITY TESTIWG MEDITA
Aerobic Anaerobic
Bacteria Bacteria Yeasts Molds
0 0 0 0
0 Denotes no growth + Denotes growth

CONTROLS

Atmospheric Controls: no grovth
fedia Controls: no growth
Dilution Fluid Controls: no growth
Inhibition Controls: grovth

Organisms used for Irnhibition Controls: (o, sporogcnes & B.subtilis

4/ -
LA
ATy TN S
PO SRR o\ T4

ONCLUSIONS: Under the test conditions, the senples exzmined meet JiRToolvimln{fITy;
- = - =-—- ---U.S:P. FLI% requirements for sterildity.

The sample cultures did rot show inhibitory activity when inoculated
with microorganisms, and all negative controls conform to specifications,
thus indicating that the test results are valid.

SCIENTIFIC ASSOCIATES, INC.

Ve (5o
'/._//ts (ko=
‘iexed: By: L.N.Mattseon, Vice-President

Hiled:  g/9/61
3
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REPORT OF ANALYSIS
Gen &°
CORRECTED REPORT

S S\MITTED BY  Technology, Inc. DATE April 3, 1981
Bldg. 37, Department SD-3
Lyndon B. Johnson Space Center
Houston, Texas 77058
: MARKS: GRI-3 3/19/81

YOUR P.O NUMBER- 0517

ot TesteD 178, 4 178y Isotope DATE RECEIVED 3/26/81

":STED FCR FRESENCE CF PYROGENS S A NUM3ZR 293122
Azcording 1o the procedure outhined in the US P. XX, we hove
-ested sample marked 178Ta + 178

W/ Isotope*

=-d found 1t to be PYROGEN FREE

~~21 njected 1.1 ml./animal undiluted

ORIGINAL PAGE IS
OF POOR QUALITY

-=-asveaously ints heal*hy animecls  None  of the

- =als disployed signs cf il effezt duning tha parfo-mance cf ths test
Temperature Temperoture Temperature Temperatu-e
Control 1 hr. ofter 2 hrs ofter 3 hrs ofrer Fise
Temperoture Injection Injection Injection
-l io_ V/elgif_ °C ) °C. °C °C. °C
i 2.8 kg. 38.5 ‘ 38.5 38.5 38.6 0.1
/ 2.8 kg. 39.4 39.3 39.5 39.4 0.1
' 2.7 kg. 39.4 39.3 39.3 39.4 0.0

‘el of test sample as received = 2.0. Sample adjusted to pH of 6.5 with sodium hydroxide
lmmediately prior to injection.

. SCIENTIFIC ASSOCIATES, INC.

A I A
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Appendix 3:

Results of Analytical
testing.
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June 4, 1982

John Babich
Technology, Inc.
P.0. Box 58827

SD 3

Building 37

Houston, Texas 77058

Subject: One Sample for Tantalum
Re: Lab No. 3967
P.0. No. 0964

Analytical Data:

Tantalum. e ceeeroenroanenan 198 ppb

Sincerely,
ANALYTICAL CONSULTING SERVICES, INC.

e ¢ [ A—

Paul S. Watson
Lab Manager

PSW/rm

Sorvary Tn win y e

A wlyticut Consuling Laboratory Services Ore Samip'e Analysis Accurate Trace Elemeant

Analysis Using Argan Plasma Ennsaion Spectrometry

—
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6251 Corporate Drive ® Houston Texas 77035 ¢ 713/995-8080
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Appendix 4.

Reagant Vork Sheet
Sample



duct: Phosphate Buffer

Date: 3June82

Ingredients Amount MFGR Lot fo. Initials
Sodium Phosphate Dibasic (AR) 12.776gn  Mall.  KHSA e

’ r
SHFI qs 2001 Abdott  27-525-0k L

-

30n] Sterile Fmnty Mylti Injection Yials

Flkins-Sinn 012947 A D

cedure Used:

~ny ~—

20051 volumetric flask was prepared as described in glassware preparation protocoi.
12.776gm of reagent gracde (ACS) dibasic sodium phosphate anhydrous
is added to the volumetric flask.
3) The flask is brought to volums with sterile vater
4) The resulting sclution is transfered to 3Cnl multiinjec

for injection ,USP

tion vials

using 20cc syringes end 0.22um sterile dispoible fiiters .

nod of Sterilization: 0.22u m Sterile Filters (Calman)

ORIGINAL PAGE IS
OF POOR QUALITY

Mo . 060382

Amount Produced: 200ml

» Releaced:

. Results: KQQCE?,i

ility: //(/\,(4 ‘f/?Qz/g]é éLOC£L*82

LC“‘__JC‘t‘__/j_"Lf_ /J:j)’JIM f
/
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Tantalum-178 Count-Rate Limitations of Anger and Multicrystal Cameras’

Adnan D LeBlanc, Ph D.
JeffL Lacy, MD

Philip C Johnson, M.D
Larry R Poliner, M D
Satish G Jhingran, M D

Tantalum-178 (V78Ta) is compared with
technetium-99m (*mTc) as an imaging
agent to be used with Anger and multi-
crystal cameras in first-pass cardiac
studies.

Index terms Heart, radionuchide studies
5(1) 1299 » Radionuciide imaging, comparative
studies

Radiology 146. 242-243, January 1983

TANTALUM-I78 (178Ta) 1s a generator-
produced radionuchde with a half-
Iife of 9 3 minutes and primary photon
emisstons of between 54 and 65 keV
Compared with #mT¢, the very low ra-
diation exposure and short half-life of
178Ta make '78Ta an attractive potential
imaging agent Good quality images have
been reported using high energy colli-
mators with Anger and multicrystal
cameras (1,2)!78Ta, however, has a low
abundance of high energy photons (0.5
MeV, 2 1%, 1175-1772 MeV, 4%) that
penetrate medium and high energy col-
limators of Anger and multicrystal cam-
eras, significantly lowerning the maxi-
mum count-rate response of these in-
struments

METHODS

The count rate response of a multi-
crystal camera (Baird Atomic, System 77)

from the Department of Mediane, Baylor
College of Mediaoine Houston (AL, LD, S])),
and the Division of Medical Sciences, Johnson
Space Center NASA Houston, Texas (Address
reprint requests to A L, Madd Code SD3 Johnson

Space Center Houston, Tevas 77058) Received

Jan 5, 1982 and accepted May 25 cp

Figures 1and 2
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ORIGINAL PAGE IS
OF POOR QUALITY

1. 178Ta and %97Tc
count-rate response
curves of the mul-
ticrystal  camera
using the 10-,15-,
and 2 5-inch colh-
mators

et 1 ¥ &l B
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2. '78Ta and %9™Tc
count-rate response
curves of an Anger
camera using the
medium  energy
collimator A 40%
178Ta window
normally used for
scanning 1s com-
pared to 99mTc
curves that were
obtained with a 20%
and 40% window

Tc,40% Window

Tc,20% ¥indow

Ta , 40T Window

was determined for 78Ta and ®™Tc using
standard 1 0-, 1 5- and 2 5-inch collima-
tors by placing calibrated amounts of
178T3 or 99mTc approximately two inches
above the detector The source for !78Ta
was allowed to decay over approximately
45 minutes while the observed count rate
was recorded at various time intervals
The count-rate response curve was plot-
ted against mCi (1 mC1 = 37 MBq) of '7%Ta
after correcting for decay The %™Tc
curves were obtained by successively
adding calibrated amounts of activity to
the same beaker after complete decay of
the 178Ta The camera settings for 176Ta
were bias, 4%, threshold, 4%, window,
30% For ¥¥™Tc, the usual settings were
used bias, 6%, threshold, 10%, window,
30%

The count-rate response curve of an
Anger camera (G E Maxi II) using a me-
dium-energy parallel-hole (MEP) colli-

mator was obtained 1n a manner simulat™

to that stated above A 40% window (24
keV) was used for 178Ta and compared
with the %™Tc response curves that were
obtained with 20% (28 keV) and 40% (56
keV) windows

RESULTS

Figure 1 shows the multicrystal re-
sponse curves for "Tcand !7#Ta Forall
three collimators, significant differences
between the %™Tc and 178Ta response
curves are evident above counts rates of
about 60 Kcps The number of mC at
which this occurs 15 a function of the
collimator that 1s used, and 1t ranges from
3-4 mCi (111-148 MBq) for the 1-inch
collimator, to 30 mCi (1110 MBq) for the
2 5-inch collimator Figure 2 compares
the count rate response of "Tcand 7#Ta
using an Anger camera and an MEP col-
hmator For equal size windows (40'%) the

““response ‘curves appear to diverge at

|Ropnm{-d from RADIOLOGY, Vol 116 No 1 Pages 242-243 January, 1983 |
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around 20 Kcps For equal energy win-
dow widths, this divergence occurs
around 30-40 Kcps. Saturation for 178Ta
occurs at a count rate of about 45 Kcps
The shape of the gamma spectrum from
a point source of !75Ta was observed to
vary with the source-to-collimator dis-
tance As the source was moved away
from the colhimator the shape of the
spectrum approached that obtained
without a collimator (no septal penetra-
tion)

DISCUSSION

As the thickness of the multicrystal
collimators increased from 1 0 inch to 2.5
inches, septal penetration was reduced,
however, the sensitivity to 54-65 keV
photons was also reduced Therefore,
increasing the thickness of the collimator
did not improve camera performance
Since the principle use of the multicrystal

camera 1s for producing high count-rate
first-pass cardiac studies, the sigmificant
decrease in the maximum achievable
count rate Iimits the usefulness of 178Ta
with this device.

As expected, the relative contnibution
of the high energy photons to the ob-
served count rate 1s a function of the
window-size setting of the Anger camera
The instrument response was also seen to
be a function of the source-to-collimator
distance This was observed by collecting
178Ta spectra at various distances from the
collimator It is speculated that whereas
the sensitivaty of the 54-65 keV photons

1s independent of the source-to-collima- _

tor distance, the number of high energy
photons penetrating and interacting with
the crystal will decrease approximately
1n proportion to the inverse square of the
source-to-colhmator distance

As with the multicrystal camera, the
Anger camera demonstrates severe

count-rate degradation at count rates
above about 30 Kcps However, since
imaging with an Anger camera rarely
exceeds 20 Kcps, the count-rate limitation
may not be critical in most cases The
main limitation 1s the requirement for
medium or high energy collimators In
certain situations where the need for re-
peat studies or low radiation exposure
outweighs the disadvantages of these
collimators, '78Ta may be the agent of
choice

References
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inckx RD  Scinhigraphic imaging with Tanta-
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A Gamma Camera for Medical Applications, using a Multiwire
Proportional Counter

Jeffrey L Lacy, Adrian D. LeBlanc, John W. Babich, Michael W. Bungo, Larry A. Latson, Robert M Lewis,

Larry R Poliner, RobertH Jones, and Philip C Johnson

NASA-Johnson Space Center and Baylor College of Medicine, Houston, Texas, and Duke Unmiversity Medical Center,

Durham, North Carolina

A multiwire proportional counter gamma camera, specifically designed for nu-
clear medicine applications, is portable and weighs less than 50 Ib including
shielding and collimator. The basic operating characteristics have been Iinvesti-
gated with various radioactive sealed sources. The camera demonstrates a peak
count rate of 850,000 cps, an intrinsic spatial resolution of 2.5 mm, and excellent
image uniformity when used with x-ray sources in the range of 22-81 keV. Tests
of the device with Ta-178—a very promising, short half-life (9.3 min), low-energy
radionuclide—using 20 mCi injections provided images of quality comparable to
those obtained from 15 mCi Tc-99m studies with conventional imaging devices.
The camera used with Ta-178 offers particular promise in first-pass nuctear cardi-
ology studies. Considerably improved study quality will likely result in this area be-
cause of the increased injectable dose levels oftered by Ta-178 combined with the
high-count rate capability and improved resolution.

J Nucl Med 25: 1003-1012, 1984

The multiwire proportional counter (MWPC) was
developed in the late 1960s for applications in high-
energy physics (/,2). Since that time, MWPC technol-
ogy has developed rapidly and 1s currently heavily uti-
lized in this field for position determination of particles
and gamma rays. Although widespread use of the
MWPC as a medical imaging device has not yet
emerged, the potential is well recogmzed (3).

A number of groups have developed and reported
MWPC single-photon 1maging detectors (4-6) Re-
ported devices using moderate pressurization (<5 at-
mospheres) have shown good resolution, simplicity of
construction, and generally good results for detection of
radiation in the energy range 20-80 keV One group has
described a 10-atmosphere device and 1ts use with Tc-
99m (5). Sigmficant difficulties were reported, including

Received June 1, 1983, revision accepted Apr 18, 1984
For reprints contact Jeffrey L Lacy, PhD, The Methodist Hosputal,
MSF905, 6565 Fannin, Houston, TX 77030

Volume 25, Number 9

problems with fluorescence emission, rapid gas con-
tamination, and signal rise-time fluctuations.

A deficiency of all reported devices 1s the inability of
their basic electronic systems to form images at the high
counting rates that are made possible by the basic
MWPC detector. The potential high-count-rate capa-
bility 1s a feature that should be used to advantage in
dynamic radionuclide studies.

We report a MWPC camera of moderate pressuri-
zation that allows nearly full realization of the device’s
basic advantages. The camera exceeds the state of the
art in nuclear medicine imaging in both count-rate ca-
pability and spatial resolution Furthermore, 1ts images
are almost totaily free of the distortions often present in
Anger camera images, particularly at high count rates.
The camera 1s also very compact, hightweight, and ca-
pable of portable operation.

Detection efficiency lmits the apphcation of the de-
vice to energies below 100 keV. Although the most
commonly used radionuchide, Tc-99m. cannot be ade-

1003
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TABLE 1. CAMERA PHYSICAL
CHARACTERISTICS

Sensitive area 25 cm diameter

Sensitive depth S5cm

Gas mixture 80% xenon, 10% methane
Gas pressure 3-5 atmospheres

Wire spacing 2 mm anode and cathode
Anode-cathode spacing 6 mm

Entrance window 0 51 mm aluminum

Total camera weight 23 kg

External dimensions 40X 40 X 12cm

quately imaged, there are sigmficant areas of apphication
of the camera. The commercially available emitters
T1-201 and Xe-133 both should be excellently imaged
by the MWPC. A newly reported radionuchde, Ta-178,
(7-9,11) has very promising potential as a cardiac
imaging agent (9). Its short half-life offers sigmificant
advantages over Tc-99m, and its energy (55-65 keV) 1s
ideally suited to the MWPC A suitable generator system
has been developed (8) and 1s used extensively in our
laboratory. Full development of Ta-178 into a routinely
available radionuclide, along with the commercial nuc-
hdes mentioned, would provide a powerful radionuchde
inventory for use with the MWPC.

We present here detailed tests of the camera system,
covering many of the characteristics important to ap-
plication in nuclear medicine. In this paper we limit
ourselves to results with the radionuclides Ta-178,
Am-241, 1-125, Xe-133, and Cd-109 Detailed perfor-
mance with T1-201 and Xe-133 is being explored and will
be reported 1n the future. In addition, we present imitial
physiological testing of the camera with Ta-178 in am-
mals. In this testing we have concentrated on the first-
pass radionuclide ventriculography techmque. Samples
of these studies carried out 1n the dog and pig are pre-
sented.

INSTRUMENT DESCRIPTION

The MWPC detector produces a signal whose dura-
tion 1s one-tenth that of Nal(Tl) All commercially
available instrumentation for radionuclide imaging 1s
based on Nal(T1), and its slow pulses significantly limit
the rate at which pos:tion information can be collected.
We have developed a detector and electronics that take
almost full advantage of the intrinsic speed of the
MWPC while maintaining a ssimple physical and clec-
tronic design that 1s compatible with low cost

The basic physical characteristics of the detector are
summanized 1n Table 1. A longitudinal section 1s shown
in Fig 1. The detector consists of a drift region (A) and
a detection region (B), contained within an aluminum
pressure vessel (C) having a thin aluminum entrance
window of spherical shape (D).
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FIG. 1. Longrtudinal diagram of MWPC detector showing dnft region
(A), detection region (B), aluminum pressure vessel (C), aluminum
entrance window (D), and negative high-vo'tage collection electrode
(€)

X-rays entering through the aluminum window 1n-
teract with the pressurized gas (xenon) 1n region A. The
resulting 10ns are impelled to the detection region by a
dnift field of 1000 volts/cm In the detection region are
mounted three parallel wire planes two outer planes
being operated at ground potential (cathodes), with the
inner plane at high positive potential (anode). The dnfted
iomzation 1s collected at the anode, where the charge 1s
amplified by gas avalanche

Position determination of the anode avalanche is ob-
tained by detection of the signals induced 1n the two
cathode grids, which are oriented orthogonally to each
other. Each wire of each cathode grid 1s attached to a tap
of a discrete delay line, and position 1s sensed by mea-
surement of the delay time between occurrence of the
avalanche on the anode grid and arrival of the signals at
the ends of the cathode delay lines Unlike previously
reported delay-line readout systems for medical appli-
cations (4), we use very high-speed delay lines (delay =
10 nsec/cm) (10) This provides a maximum delay-line
clearance time of less than 250 nsec and a typical mean
clearance time of 150 nsec Therefore, rate performance
1s improved with this system.

The encoding of the position of an event 1s accom-
plished through high-speed digtal circuitry The elec-
tronic block diagram 1s shown in Fig. 2. The four time
delays obtained from the delay lines are digitized by
high-speed counters (600 MHz), which are gated by the
anode signal and gated off by the delay-line outputs.
These four digital values are passed on to a high-speed
processing unit that forms the digital sum of the coor-
dinates obtained from a given delay hine This sum value
is compared with a constant value equal to the total delay
of the delay line. Ths test rejects any confused events
that result from pile-up or scatter within the detector gas.
Energy selection 1s accomplished by application of a
pulse-height window test to the prompt anode signal If
this test is failed, the digital counters are not started and
the circuits are immediately ready to process a new
event.

Simultaneously with the sum test, the processor also
computes a difference between the delays on each axis
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FIG. 2. Block diagram of readout
electronics.

and adds a digital offset value This value for each axis
(8-bit words) is used as the event position (for zero offset
1t is the position relative to the center of the chamber).
The digital sum and difference logic 1s implemented with
high-speed, Motorola emitter coupled logic (MECL)
circuits that require less than 300 nsec to perform the
sum test and to provide the difference position value.

The offset difference values (8 bits X and 8 bits Y) are
passed through a formatting circuit that sets the desired
frame format. Four frame sizes are facilitated—16 X 16,
32 X 32, 64 X 64, and 128 X 128. In each of these for-
mats the cell s1ze can be zoomed by factors of 2 and 4.
A continuous zoom capabulity 1s also provided by vari-
ation of oscillator frequency, which can range from
100-600 mHz, providing a continuous zoom by a factor
of 6.

The formatted digital position coordinates are trans-
ferred through a first in, first out (FIFO) memory into
an LSI-11/23 computer by means of a unique dual-
ported memory. This memory can respond on the LSI-11
buss as a standard RAM memory, or under software
control can be set to respond on an external buss to the
digital coordinates from the arithmetic processor The
memory can accept events on the external buss at a rate
of 3 MHz

The LSI-11 computer controls data acquisition, dis-
play, and storage Data can be stored either on a flexible
disk (RX02) or hard disk (RK0S5). A color display sys-
tem is used for image display of both processed and
real-time images Static image data can be collected and
stored to disk. Dynamic study data can be collected and
written to RKOS5 disk in film-strip fashion. Frames of 64
X 64 pixels can be collected at 10 fps, 32 X 32 frames at
40 fps, and 16 X 16 frames at 160 fps. The image
memory of the display system can be used as a high-
speed 1mage buffer memory. The 256 X 256 pixel
memory allows storage of up to 64k bytes of acquired
image data. Dynamic image data can be collected in this
buffer at approximately four times the ratc allowed by
the RKOS disk. The LSI-11/23 also provides a powerful
postdata-collection processing system.
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BASIC PERFORMANCE CHARACTERISTICS

Efficiency and sensitivity. The absolute detection ef-
ficiency of the detector operated at 3 and 5 atmospheres
(absolute) 1s plotted 1n Fig. 3 The efficiencies at the
energies of the potentially useful nuchdes 1-125, Ta-178,
TI-201, and Xe-133 are indicated. Thorough pressure
testing of the camera indicates that 1t can be operated
safely at pressures up to 5 atm (safety factor of 4). Al-
though operation at this pressure would significantly
increase detection efficiencies, particularly for T1-201
and Xe-133, we have chosen to explore thoroughly the
capabihities of the device at 3 atm before going to higher
pressures. All results reported here were obtained at 3
atm (absolute).

Energy resolution. The energy deposition mechanism
in a MWPC s dependent on the energy of the incident
photon. For energies below the K-shell excitation energy
of xenon (35 keV), L-shell interactions occur and most
of the photon energy 1s deposited entirely at the inter-
action site. For energies above 35 keV, the excess energy
above 35 keV 1s deposited at the interaction site and a
30-keV fluorescence photon 1s emitted 88% of the time
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FIG. 3. Detector efficiency against x-yay energy for operating
pressures of 3 and 5 atmospheres absolute
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FIG. 4. Pulse-height spectra of Cd-109 (22 keV) and Am-241 (60
keV) Deposited energies in these cases are 22 and 25 keV re-
spectively

(12% of the fluorescence emissions are internally con-
verted, leading to total energy deposition at the inter-
action site).

To demonstrate the energy resolution characteristics
of the MWPC, we display in Fig 4 the energy spectrum
of Cd-109 and Am-241. Cd-109 emits dominantly 22
keV x-rays (Ag K x-rays) and a very low abundance
(3%) 88 keV photon, whereas Am-241 emits only a 60
keV photon Thus, these two nuclides produce 22-keV
and 25-keV deposited energy (with 30-keV fluorescence
escape 1n the case of Am-241). Due to the dominance of
fluorescence escape in our detector design, the intrinsic
energy resolution for 60-keV x-rays from Fig. 415 33%
of 25 keV, or 14% (FWHM) of the total incident energy
This 1s the energy-resolution figure that should be used
for comparisons with Nal devices which have negligible
fluorescence escape Although this value 1s roughly
equivalent to Nal devices, we expect significant 1m-
provement in the future through modifications in the
pulse-height measurement circuitry. The current circuits
use only the leading edge (first 30 nsec) of the propor-
tional charge collected, which probably does not contain
an adequate portion of the charge delivered The likely
enhanced energy resolving power 1n the 50- to 80-keV
range could be significant in rejection of Compton scatter
at these low energies.

An 1diosyncrasy resulting from flourescence escape
should be discussed An x-ray, such as that from Ta-178,
which 1s 25 keV above the xenon K-shell energy, 1s n-
distingwishable from x-rays of 25 keV total incident
encrgy, since the latter are below the xenon K shell
Thus, an energy window set to accept 50-70 keV x-rays,
as might be done for Ta-178 imaging, will also accept
Compton degraded x-rays in the energy range 15-35
keV This 1s of hitle practical consequence, since very
little of the Compton radiation is able to scatter down
from 60 keV to 35 keV and penetrate intervening tissue.
What hittle flux may be present in this energy range can
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be very effectively removed with a copper filter This
effect would be a problem only for nuchides with emus-
stons much closer to the K-shell energy

Gas contamination 1s a well-known phenomenon 1n
long-term sealed operation of MWPC detectors Elec-
tronegative gas contaminants, which can result from
outgassing of detector interior structure, cause loss of
primary tomzation produced by x-ray interactions. Ef-
fects of such contaminants show up as a spreading of the
detector’s energy resolution. To evaluate this potential
problem, the Cd-109 pulse-height spectrum was care-
fully monitored for loss of resolution over a period of 90
days No discermible deterioration occurred over this
period. Thus, gas contamination is not expected to be a
sigmficant operational problem. Contamination tests of
longer duration are 1n progress.

Rate performance. The event-rate performance of the
camera was investigated by irradiation of the uncolh-
mated camera with a 40-mCi1 Am-241 source In Fig. 5
various rates are plotted against the distance of this
source from the camera The image rate curve (C) shows
the paralyzing behavior typical of both Anger and
multicrystal cameras, with a peak count rate of 850,000
cps. At this peak count rate approximately 50% of the

2500 T T T T T
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Am-241 POINT
SOURCE

2000
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FIG. 5. Detector rates for uncolimated detector irradiated by
Am-241 source, against distance of source from face of detector.
A = threshold discriminator count rate B = window discriminator
count rate (30% window) C = count rate passing energy window
and ambiguity rejection circuitry D = rate of rejection by ambiguity
circuitry
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FIG. 6. Line spread functions for Am-241 (60 keV), I-125 (28 keV),
and Xe-133 (81 keV). For Xe-133 a 1-mm Cu absorber was used
to remove abundant xenon fluorescence x-rays.

events interacting in the detector make it through the
digitizing circuitry into the image. Curve A is the anode
discriminator rate; curve B the rate at which events pass
the energy window; and curve D is the rate of event re-
jection by the sum test logic.

Intrinsic detector resolution and image uniformity. The
intrinsic detector resolution was determined by irra-
diation of the detector along a narrow line (<1 mm
width). Figure 6 shows the line spread functions mea-
sured in this way for x-ray energies of 28, 60, and 81 keV.
The resolution at 28 keV determined by this technique
is 2.5 mm full width half maximum (FWHM) and 5 mm
full width tenth maximum (FWTM). These values are

degraded by less than 5 percent for 60-keV and 81-keV
X-rays.

As previously indicated, most of the detected events
in the MWPC are events for which fluorescence escape
has occurred. Fluorescence photons have a large mean
range in the gas (11 cm). Thus, in the small percentage
of cases that these x-rays interact, they can significantly
alter the measured x-ray position. The effect of fluo-
rescence on resolution can be quantified by comparing
the 60-keV and 81-keV line spread functions with that
for 28-keV x-rays from I-125 (Fig. 6). The latter do not
excite fluorescence. The FWHM and FWTM values are
only very slightly degraded by the presence of this ra-
diation; however, the effect of fluorescence shows up in
two subtle ways. First, there is a low-level halo effect,
which appears as a small tail in Fig. 6. It results from
clean detection of a fluorescence photon, usually many
cm from the interaction site. Second, a higher sum-test
rejection rate is observed for the 60-keV radiation. At
low event rates, a rejection rate of 13% is observed for 60
keV whereas 3% is observed for 22 keV. These mea-
surements show that very small effects on image quality
result from the fluorescence. The effect is limited to a
slight reduction in sensitivity (10%) and a very low-level,
diffuse halo. Most of the events with associated fluo-
rescence interactions are rejected by the sum-test
logic.

Image uniformity was investigated by irradiation of
the uncollimated detector with an Am-241 source at a
distance of 1.5 meters. The resulting flood image is
shown in Fig. 7A for a pixel resolution of 2 X 2 mm.
Uniformity fluctuations of at most 5% are present.

FIG. 7. A: Am-241 flood image obtained by irradiation of uncollimated detector at 1.5 m distance; 128 X 128 format with 2 X 2 mm cell

size. B: corresponding flood-corrected image.

Volume 25, Number 9
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FIG. 8. Anger pie-phantom images for oscillator frequencies of 100,
200, 300, 400, and 500 MHz.

Most of the nonuniformity is confined to very-high-
frequency fluctuations within a spatial scale of less than
3 mm. These likely result from differential nonunifor-
mities of the delay lines used for readout and from slight
variations in detector wire spacing. The nonuniformities
have been shown to be both stable and correctable.
Figure 7B is a “flood corrected” flood image in which
the nonuniformities have been reduced to less than 1%
by flood correction. In many applications such as cardiac
imaging, in which high spatial resolution (<5 mm
FWHM) is not required, such correction is not neces-
sary.

In order to compare the overall image quality of the
MWPC with that of the Anger camera, we have per-
formed standard phantom testing. Figure 8 shows a se-
ries of images obtained by irradiation of the uncollimated
detector through a standard Anger pie phantom. An
Am-241 source was used at a distance of 1.5 m. The
zoom effect in these images was obtained by varying the
digitizer oscillator frequency from 100 to 500 MHz in
100-MHz steps. The images were collected in 128 X 128
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“FIG. 9. Image of Smith orthogonal hole phantom obtained with

Am-241 source at 1.5 m distance and detector event rate of 100,000
cps.

format, with the cell size ranging from 1 X 1 mm for the
500-MHz image to 5 X 5 mm for the 100-MHz
image.

Image distortions were investigated by irradiation of
the detector through a standard Smith orthogonal hole
phantom (0.63-cm spaced grid of holes 0.16 cm in di-
ameter). An Am-241 source was used at a distance of 1.5
m. Figure 9 shows the resulting image, obtained in 128
X 128 format, 1 X 1 mm cell size, with a detector count
rate of 100,000 cps.

Imaging with parallel-hole collimators. Two conven-
tional parallel square-hole collimators have been used
with the MWPC camera. Their characteristics are
shown in Table 2. Most of the studies reported used the
high-sensitivity (HS) collimator, which was chosen to
provide adequate resolution and high sensitivity for dy-
namic cardiac studies. This collimator has an intrinsic
sensitivity more than twice that of the Baird 1.5” colli-
mator and smaller angular-acceptance by a factor of
0.77. This collimator’s higher sensitivity more than
offsets the lower efficiency of the MWPC relative to
Nal(TI). This is a result of the much lower packing
fraction of the conventional collimator optimized for low
energies, as compared with the Baird collimator, which
has very thick septa (/2).

The sensitivity of the detector operated at 3 atm,
measured for the high-sensitivity and high-resolution
(HR) collimators, is shown in Table 3 for I-125 and
Ta-178 emitters. The calculated sensitivities for T1-201
and Xe-133 are also included.

The image count rate relative to the Ta-178 dose has

TABLE 2. COLLIMATOR CHARACTERISTICS—CONVENTIONAL SQUARE HOLE

Collimator Hole length (cm) Hole size (cm) Septal thickness (cm) Sensitivity
High resolution 2.2 0.14 0.018 9050 cps/mCi
(HR)
High sensitivity 1.1 0.14 0.018 36200 cps/mCi
(HS)
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TABLE 3. INSTRUMENT SENSITIVITY IN cps/
mCi FOR VARIOUS EMITTERS

Collimator 125 Ta-178 TI201 Xe-133
High resolution 3700 3710 2830 2125
(HR)
High sensitivity 15000 14900 11351 8513
(HS)

been determined. A 3-in.-diam beaker containing 70
mCi of Ta-178 in water solution was placed 3 in. above
the face of the camera with the HS collimator in place,
and the event rate in the detector recorded for a 30-
minute period (>3 half-lives). The resulting dose-re-
sponse curve is plotted in Fig. 10.

The resolution performance of the MWPC camera,
using the HS and HR collimators, has been investigated
using an Am-241 source 2 mm in diameter. The point
spread functions were obtained for various distances
between source and collimator in air and in a water bath
15 cm deep. The FWHMs from these point spread
functions are plotted in Fig. 11. Note that although much
of the Compton-scattered radiation is detected due to the
small energy loss in a single Compton interaction at 60
keV, it has very little effect on FWHM. This is doubtless
because the Compton angular distribution at 60 keV is
nearly isotropic. Thus, much of the scatter entering the
collimator is relatively far from the source, resulting in
a diffuse halo.

Increased attenuation losses is a concern often ex-
pressed with regard to application of low-energy emit-
ters. It is important to realize, however, that the differ-
ences between 140 keV and 60 keV is of minimal sig-
nificance in many applications. The mass attenuation
coefficients of soft tissue at these two energies are 0.154
cm?2/g and 0.204 cm2/g, respectively. At tissue depths
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FIG. 10. Detector image rate produced by decaying Ta-178 solution
in 7.5 cm beaker, placed 7.5 cm above MWPC camera with HS
collimator.
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FIG. 11. FWHM plotted against distance to Am-241 point source,
in air and H,0, with HR and HS collimators.

typically encountered in cardiac imaging (5-10 cm), 60
keV produces a transmitted flux of 73% of that produced
by an equal 140-keV dose. Only for deep-organ imaging
(>10 cm depth) are image statistics significantly af-
fected by 60-keV x-ray energy compared with Tc-99m.
For example, at a 15-cm depth, 60-keV radiation is at-
tenuated to 47% of that of 140-keV radiation. Bone at-
tenuation is another potential concern. To evaluate the
effect of sternum and rib attenuation upon cardiac im-
ages, we have measured the total attenuation of 60-keV
radiation in human cadaver dry specimens. In the an-
terior and left anterior oblique projections, the total
sternal attenuation in an average subject was found to
be less than 4%, and the rib attenuation less than 3%.
These values are below the statistical noise level in typical
cardiac images, and therefore should be of little conse-
quence.

ANIMAL CARDIAC STUDIES

First-pass radionuclide ventriculography studies have
been carried out in-animal subjects in order to determine
the effectiveness of the MWPC camera and Ta-178"-
combination in a common dynamic study. We used a
32-kg dog and a 68-kg pig. Several studies were per-
formed in each subject at short repeat intervals to de-
termine the reproducibility of ejection fraction and
wall-motion measurements. Images were evaluated for
overall quality. For comparison, a study was carried out
in a pig using Tc-99m and a multicrystal camera*. All
MWPC studies used the high-sensitivity collimator,
whereas a standard 1” collimator was used with the
camera.
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TABLE 4. SUBJECT DATA

Subject
number Species Weight Anesthesia Tadose or Tcdose
1 dog 32Kg nembutal 20 mCi -—
pig 68 Kg sodium 12 mCi 15 mCi
thiamylal
METHODS

A jugular venous catheter was implanted in each
subject to provide for reproducible bolus injection and
for convenience in handling the subjects. The catheter
was inserted to the junction of the superior vena cava and
right atrium. All subjects were anesthetized for the du-
ration of the studies—pentobarbital for the dog and so-
dium thiamylal for the pig—in titrated amounts to
produce sedation but not respiratory arrest. Tantalum-
178 was injected in all cases as a 1.5-ml bolus followed
by a 10-ml rapid saline flush (<0.5 sec injection time).
Technetium-99m was injected as a 0.5-ml bolus followed
by a 10-ml flush.

Detailed subject data are shown in Table 4. MWPC
image data were collected in a 16 X 16 cell format and
1 cm? pixel area. Frame collection was begun just before
injection and continued for 20 sec. The frame rate was
varied from study to study so that ~16 frames per car-
diac cycle were collected. The multicrystal camera study
used the standard procedure with 50 fps.

All studies were analyzed to obtain left-ventricular
volume curves, ejection fraction, and representative cycle
images. Data analysis of the MWPC studies was iden-
tical to that of the Baird study with two exceptions. A
first-order spatial smoothing was applied to the raw data
rather than the temporal smooth, and the left-ventricular
phase background subtraction was applied without
temporal variation.

Three studies were performed on Subject 1 (Table 4)
at 30-min intervals, the first two in the anterior position
and the third in left lateral. Subject 2 was studied once
in left lateral and once, 1 hr later, in the anterior position.
The multicrystal camera comparison studies were per-
formed on this subject 2 hr later, with light anesthesia
maintained in the interim. A left lateral study was per-
formed first (15 mCi of Tc-99m) followed 15 minutes
later by an anterior study (15 mCi of Tc-99m). A static
background was collected between studies and used to
subtract background from the second study.

RESULTS

The analyzed left-ventricular images for one anterior
and one left-lateral canine study are shown in Fig. 12.
The diastolic image border, defined as the point at which
the background-subtracted image is 30% of the highest
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pixel, is shown in white. The color-encoded systolic image
is superposed on this border. A second anterior study (not
shown) was virtually indistinguishable from the one
shown. The calculated ejection fractions for the three
studies were 49 and 46% for the two anterior studies and
54% for the left-lateral.

Analyzed left-ventricular images from the pig
(Subject 2) are shown in Fig. 13. Ejection fractions of
62% and 68% were found for the anterior and left-lateral
views, respectively. A comparison of the left-lateral
MWPC study and a similar one on the multicrystal
camera is shown in Fig. 14. For ease of comparison, both
studies were analyzed on the multicrystal system using
identical procedures. The injected doses were 12 mCi
(Ta-178) and 15 mCi (Tc-99m). The measured ejection
fractions were 62% and 64%.

DISCUSSION

It is evident that the left ventricle is well visualized by
this technique. Wall motion is easily determinable.
Measurements are repeatable to the extent that the
physiologic specimen can be expected to remain stable
from study to study.

The MWPC/Ta-178 study compares well with the
multicrystal/Tc-99m study. Qualitatively, the images
are very similar. Two differences were noted in the data.
The total-image statistics for the Ta-178 study were
~30% lower for the same administered dose, and the
ventricular cross-sectional area, as determined by
standard Baird software, was somewhat increased (25%).
The former effect is doubtless a result of the slightly
higher attenuation of 60-keV radiation relative to 140
keV. The latter effect probably results from the presence
of more background in the Ta-178 study, which is not
handled correctly by the standard Baird background
subtraction. A separate background technique for Ta-
178 will likely be needed for absolute volume measure-
ments.

CONCLUSIONS

The much improved count rate, resolution, and por-
tability of the MWPC detector should lead to significant
enhanced capabilities in clinical nuclear medicine ap-
plications. The MWPC, however, will have certain op-
timal areas of application, but in others it will have little
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FIG. 12. Representative first-pass study in 32-kg dog, with
20-mCi Ta-178 injection.

FIG. 13. Representative first-pass study in 68-kg pig, with
12 mCi Ta-178 injection.

or no advantage over existing Nal imaging devices. The
limitation of the MWPC to energies below 100 keV
makes the imaging of deep organs (>10 cm) difficult due
to greater attenuation losses. The concomitant problem
with the low-energy limitation, suboptimal scatter re-
jection, makes it unlikely that the MWPC will compete
in photon-deficient applications such as liver imaging.
The MWPC should excell, however, in imaging of
shallow organs with foci of increased activity, benefiting
from high count capability combined with good spatial
resolution. Thus, cardiac imaging is a most promising
area of application. Many of the limitations in this field
currently result from poor counting statistics in first-pass
studies and long acquisition times in gated studies. Sig-
nificant improvement in both of these areas should result

LEFT VENTRICLE

TANTALUM - 178

FIG. 14. Comparative study in 68-kg pig. Left: LV image from
12-mCi Ta-178 MWPC first-pass study of Fig. 13, processed by
multicrystal camera software. Right: LV image from 15-mCi Tc-99m
first-past study carried out and processed on multicrystal
system.
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from use of the MWPC and Ta-178. They offer whole-
body doses a factor of 20 below those with Tc-99m, and
critical-organ doses a factor of 65 below those of Tc-99m
(8). Therefore, much larger doses are possible and
multiple studies can also be performed. This, combined
with the high count capability of the MWPC, will pro-
vide greatly improved image statistics in first-pass studies
and lower acquisition times in gated studies. Additional
benefits in this field will likely accrue from the com-
pactness of the MWPC, which will allow multiple-head
cameras providing simultaneous multiple-view imaging.
Single or multiple-head devices with high portability are
also possible for application in coronary care units and
mobile clinic settings.

Pediatric cardiac applications in particular should
benefit greatly from the low radiation exposure of Ta-
178. The higher resolution of the MWPC should offer
an important enhancement as well in this area, where

. very high count rates can be achieved over very small

spatial dimensions. One can envisage sueh applications
as serial shunt quantitation in which a patient could be
studied repeatedly to evaluate shunt status, without
catheterization. Also, many forms of anomalous cardiac
structure could be assessed with Ta-178 first-pass
studies. Yet another application is serial evaluation of
the effects of corrective surgery.

Although some of the advantages of Ta-178 could be
achieved with Nal devices, cameras currently on the
market have significantly compromised performance
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with Ta-178 due to high-energy emissions at 0.5 and 1
MeV (7-8). These photons penetrate even very-high-
energy collimators and are picked up by the Nal crystal
with enough efficiency to produce significant deadtime
losses (11). Although these high-energy gammas pene-
trate the MGC collimator, they are picked up by the gas
detector with far lower efficiency and therefore have
little or no effect on deadtime.

Radiology is another field of application for which the
MWPC is well suited. Bone densitometry can be carried
out by transmission imaging in a fraction of the time
required for the scanning techniques, the use of which
is increasing. The MWPC has excellent detection
characteristics for x-ray energies appropriate for this
work (30-80 keV). The high rate capability of the device
reported here allows very rapid single-image acquisition,
which may be of importance for such applications as
osteoporosis screening and diagnosis. This may allow
multiple views to be acquired or even tomographic image
formation in the same or less time than is required for
single-view images using current technology.

Finally, lower instrumentation cost is another poten-
tial advantage of the MWPC camera. If mass produced,
-this device should be cheaper and easier to maintain than
sodium iodide devices, and considerably more rugged.
The MWPC readout system reported here, being digital
in nature, is entirely free from adjustment problems such
as those caused by photomultiplier gain drift in crystal
cameras.

FOOTNOTE

* Baird System 77.
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RADIONUCLIDE STUDIES IN ASTRONAUTS
PROVIDE DATA ON MICROGRAVITY EFFECTS

he Lyndon B. Johnson Space

I Center will provide a special

tour covering medical and

technical research for attendees of the

Society’s 32nd Annual Meeting in
Houston, TX, this month.

The U.S. National Aeronautic and
Space Administration (NASA) began
using nuclear medicine techniques
during the Gemini program in the
early 1960s to determine the effects
of weightlessness on plasma volume
and red cell mass, explained Philip
Johnson, MD, a researcher in NASA’s
Medical Sciences Division.

Dr. Johnson will give a presenta-
tion on the nuclear medicine aspects
of the space program, which is now
exploring a new gamma camera and
radionuclide for use in the Space Lab
and Shuttle missions, during the
Society’s tour.

Bed rest simulates space flight

Bed rest is used to simulate space
flight, explained Dr. Johnson. Since
plasma volume decreases during bed
rest, NASA scientists were not sur-
prised to find that it also decreased
in Gemini IV astronauts, who under-
went iodine-131 human serum
albumin studies.

“What was totally unexpected,”
said Dr. Johnson, “‘was that when we
calculated the volume of the red cell
mass from the determined blood
plasma volume, we found a decrease
in red cell mass.”

Subsequently, the crews of the
Gemini V and Gemini VII missions
underwent, after splashdown,
chromium-51 red cell mass studies
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which showed a significant decrease
in erythrocytes.

“I think we had the only NRC
license that stated we could do studies
at sea and in international waters,”
said Dr. Johnson.

NASA scientists are still trying to
discover the cause of the decrease in
red cell mass. After iron kinetics
studies during Spacelab I in late 1983,
the NASA team found a fairly normal
rate of iron incorporation, and dis-
counted the theory of inhibited eryth-
ropoiesis.

With Spacelab I'V, scheduled to fly
in early 1988, NASA plans to run
plasma volume, red cell mass, red
cell survival, and iron turnover deter-

NASA astronaut Robert A.R. Parker (left), mission specialist aboard Spacelab I,

minations in space, said Dr. Johnson,
in both humans and rats.

Spacelab IV passengers will also be
injected with radioactive aldosterone
to measure secretory rates.

“I think NASA has lead the way in
radioassays,” said Dr. Johnson. “Our
methods of determining red cell mass
and plasma volume are more accurate
than methods used elsewhere in
clinical settings.”

Bone loss in weightlessness

Immobilization and space flight
entail considerable losses of
trabecular bone, averaging about one
percent per week, although the

(continued on page 560)

monitors biomedical testing with fellow crewman Ulf Merbold, a payload specialist
with the European Space Agency. The mission was in orbit from November 28 to

December 8 1983.

(Courtesy of NASA)
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(continued from page 559)

degree of loss may vary greatly
among individuals, reported Richard
B. Mazess, PhD, associate professor
of medical physics at the University
of Wisconsin.

Dr. Mazess participated in a NASA
program to study bone loss in bed rest
subjects, Skylab astronauts, and pa-
tients with spinal cord injuries. “The
major advances of the past several
years in bone measurement have
direct applications for manned space
missions, paraplegics, patients con-
fined to bed by disease, and the large
population of relatively hypodynamic
elderly individuals,” he said in an
editorial in Calcified Tissue Interna-
tional (1).

These advances in bone measure-
ment include dual-photon absorp-
tiometry and x-ray computed
tomography. NASA conducted bone
densitometry studies during the
Apollo program (which included the
first moon landing in 1968) and in
Skylab missions.

Slow-twitch muscles atrophy

NASA is now actively pursuing the
use of nuclear magnetic resonance
(NMR) procedures to measure mus-
cle atrophy in legs, said Dr. Johnson.
“We see quite a bit of atrophy with
bed rest,” he said, “but we haven’t
tested spaceship crews yet.”

The slow-twitch muscles, which
maintain a body’s upright position,
“show quite dramatic changes in the
amount of water absorbed when a
subject stands after a period of bed
rest,” he explained. (Fast-twitch
muscles are used in running.)

Tantalum-178 shows promise

A new low-energy radionuclide,
tantalum-178, shows promise in po-
tential clinical applications in
pediatric nuclear cardiology and in
patient settings that require a light-
weight portable imaging system.

Mallinckrodt’s Diagnostic Prod-
ucts Division will be supplying tan-
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Subject undergoing a study with a mﬁhi-wire proportional gamma camera, developed

through the NASA space program.

talum processed columns to Method-
ist Hospital in Houston for research
purposes. The radionuclide is
generated there for use in clinical
trials with a muiti-wire proportional
camera, also created through NASA
research.

Jeffrey Lacy, PhD, assistant profes-
sor of medicine at Baylor College of
Medicine, played a key role in design-
ing the camera, and is now compar-
ing the device to other imaging
systems.

Unlike the Anger camera, the
multi-wire proportional camera does
not use a crystal. A gas-filled com-
ponent with a grid serves as the detec-
tor, which is highly sensitive to low-
energy (under 100 keV) gamma rays.

“With a prototype system, we're
working at around 900,000 counts per
second, which is roughly a five-fold
improvement over the single crystal,”
said Dr. Lacy. “I also believe that the
imaging capabilities with regard to
uniformity and spatial resolution are
quite superior,” he added.

Dr. Lacy said that the camera
weighs 50 pounds (as opposed to
several hundred pounds for a typical
Anger camera) and occupies a vol-
ume of approximately 15 by 15 by 5

(Courtesy of NASA)

inches, lending itself to “bedside
imaging” capabilities.

“We think it would be very prac-
tical for maneuvering around in the
coronary care unit or the post-
surgical unit—to get in and do a study
and get out without major inconven-
iences to the patient,” said Dr. Lacy.

The camera loses sensitivity and
resolution with high-energy radio-
nuclides such as technetium-99m.
Although tantalum-178 is years away
from possible commercial use, it
shows potential as a valuable diagnos-
tic tool.

In cardiovascular applications, for
example, “if it can be used for a
multiple-gated acquisition and first-
pass studies with the same isotope
within a relatively short time, and aid
the physician in better patient
management, then the multi-wire
proportional camera/tantalum-178
combination have an excellent chance
to succeed in the market,” said Den-
nis C. Wolfe, product manager of in
vivo radiopharmaceuticals at
Mallinckrodt.
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Evaluation of Adsorbents for the Ta-178 Generator

R. D. NEIRINCKX— Department of Radiology, Harvard Medical School,
Boston. MA 02115

J. TRUMPER—Soreq Nuclear Research Center, Yavne, Israel

A. LEBLANC and P. C. JOHNSON-—National Air and Space Administration, Life Sciences
Division. Houston, TX 77058

The currently used Ta-178 generator is based

on a radiation sensitive adsorbent and can be
eluted about 50 times before W-178 break-

through becomes unacceptable. We evaluated a
series of inorganic and organic adsorbents as
support for this generator. Hydrated inorganic
materials adsorb tantalum very strongly from

most aqueous solutions and none was found useful
for the W-178/Ta-178 generator. Tantalum com-
plexing agents are not able to desorb tantalum
without dissolving the adsorbents to an appreci-
able extent. Chelating resins with a high affinity
for W were investigated because they could reduce
the W-178 breakthrough. They also adsorb

tantalum too strongly to be suitable as substrates
for the Ta-178 generator.The Bio-Rad AGlx8 system was
found to be superior to the other tested systems. The
effects of autoclaving, complexant additives and
prolonged elutiorn on the Ta-178 yield were

measured and the chemical breakdown products
quantitated.

The usefulness of generator-derived short-lived radionuclides is
well established. The principal advantages are the opportunity
to perform rapid repeat studies after various interventions and
the use of high levels of activity without subjecting the patient
to an unacceptable radiation dose. Special detectors are
necessary for the detection of these high activities of
radionuclides since the standard Anger-camera is not able to
handle such high count rates. One is practically limited to
multi-crystal cameras or gas cameras like the multi-wire
proportional (MWPC) or the gas scintillation counters. This
implies that the electromagnetic radiation of the radionuclide
should preferably be of low energy, as these are most suitable
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for efficient detection with gas detectors. Such low-energy
electromagnetic radiation can be found in the characteristic
x-rays of heavy elements.

Tantalum-178 (Ta-178) is a short-lived radionuclide ('I‘]/2 -

W 1L
b T

REVIR FCR 1A B A A

ity .‘..".‘ﬁ ,}.j L
4 i, o

9.3 min) that decays with emission of characteristic hafnium
x-rays which are efficiently detected by the MWPC. The usefulness
of Ta-178 lies mainly in the low patient radiation-dose per mCi
injected. The high activities that can be injected generate the
high photon fluxes that allow an accurate evaluation of fast
physiologic processes. The principal use of Ta-178 has been in
the assessment of the left ventricular ejection fraction (1,2).

A generator for the production of Ta-178 has been described
earlier (1). It is based on an organic anion-exchange resin which
-l is sensitive to radiolysis. The distribution coefficient for
' tungsten (W) under the separation conditions is low (2), which
results in increased W-178 breakthrough after approximately 50
collections. Furthermore, the eluate has not previously been
evaluated for organic resin breakdown products. This paper
summarizes the results of a thorough evaluation of the existing
Ta-178 generator and an evaluation of alternative adsorbents,
most of them inorganic, as generator support media.
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Experimental

Radionuclide Properties of Ta-178. Tantalum~178 is formed from
the decay of its parent W-178 ('.1‘1/2 = 21.7 d), and has a

half-life of 9.3 minutes yielding stable Hf-178. The decay of
the parent isotope (W-178) occurs entirely by electron capture
to the 9.3 minute Ta-178 state, without feeding the high spin
Ta-178 isomer (half-life 2.4 hrs). In Ta-178 decay, 99.27% of the
disintegrations proceed by electron capture and 0.8% by positron
emission. Electron capture results in a 61.2%7 branch to the
ground state of Hf-178 and 33.77% to the first excited state at
93.1 keV. The balance, 4.3%, feeds hafnium levels between 1175
and 1772 keV. The most prominent features of the energy
spectrum of this radionuclide are the hafnium characteristic
x-rays with energies between 54.6 and 65.0 keV.
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Materials. A number of inorganic and organic adsorbents were
evaluated. All the inorgaric materials are hydrates and were
evaluated in combination with injectable aqueouc solutioms.
Complexing agents were added to some eluents in order to reduce
tantalum adsorption. Chelating resins, such as the pyrogallol-
formaldehyde copolymer, were tested for their adsorption of
tungsten. The adsorption of tantalum onto non-hydrated
adsorbents such as the organic adsorbent Bio-Kad AGlx8 and
silylated silica were evaluated.
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The following chromatographic inorganic adsorbents were
donated by Applied Research SPRL (Belgium): hydrous titanium
oxide, titanium oxide-hydrogen peroxide hydrate, hydrous
zirconium oxide, hydrous ferric oxide, hydrous stannic oxide,
polyantimonic acid, silicic acid, hydrous chromium oxide, hydrous
manganese dioxide, zirconium phosphate, tin phosphate, Phomix
(20% ammonium phosphotungstate in zirconium phosphate), Siphozir
(zirconium phosphate-silicate), chromium phosphate, titanium
phosphate, molybdenyl ferrocyanide, zirconium ferrocyanide,
ferric ferrocyanide and K-Co ferrocyanide. Alumina was obtained
from Weelm (Eschwege, Germany). Tungsten carbide,
non-chromatographic, was obtained from Pfaltz and Bauer
(Stamford, Conn.). Tungsten disulfide was obtained from
Alfa-Ventron (Danvers, Mass.). Bio-Rad AGlx4A was obtained from
Bio-Rad (Richmond, Ca.). Some inorganic materials were
synthesized inr our laboratory. This group included tungstic
acid, CaF2 and Ser-coated A1203, anhydrous Sndé, TiOz, SiOz,

Cr03, MnOZ, tin phosphate, zirconium phosphate, titantium
phosphate, molybdenyl ferrocyanide, zirconium ferrocyanide and

ferric ferrocyanide. Tungstic acid was produced by heating W03

with a 8203 flux to 1,200°C, cooling the melt to 800°C at a rate
of 2°C/hour and then to room temperature. The CaFZ- or
SrFZ—coated A1203 were prepared by treatment of an A1203
adsorbent, saturated with Ca2+ or Sr2+ with a NaF solution.
Controlled pore glass beads (237 A mean diameter) were obtained
from Electronucleonics, Inc. (Fairfield, NJ). Silane Z-6020 was
obtained from Dow-Corning. Two kinds of chelate resin were
synthesized and evaluated: A pyrogallol-formaldehyde copolymer
(3,4) and a copolymer of alphabenzoin oxime with formaldehyde.
Bio-Rad AGlx8 200-400 mesh was used as adsorbent to evaluate the
published generator method (1). Silylated silicagel was prepared
according to the procedure of Leyden, et al (5). Fine grains of
controlled-pore glass beads (CPG) were heated for three hours
with 100 ml of a 10% solution of Z-6020 silane in toluene. Tge
filtered and toluene-washed product was dried overnight at 80 C
and used as a tungsten-adsorbent.

Determination of Partition Coefficients (KD)' The KD values of W

and Ta between the adsorbents and various mobile phases of
interest were measured by batch equilibration. The first
adsorbent was pre-equilibrated three times with the liquid phase,
and the supernate decanted. The batch equilibration was
performed using 100 mg of adsorbent and 5 grams of mobile phase,
to which a W-178-Ta-178 mixture was added. The two phases were
then shaken for 10 minutes by means of a Hematec Aliquot mixer.
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After centrifugation, samples {rom each phase were analyzed for
W-178 and Ta-178 using a Ge (L1i) detector coupled to a Nuclear
Data ND60 y-spectrophotometer. Tantzlum-178 was quantitated
using its 93 keV gamma-ray. After correction for physical decay,
the KD values are calculated as the ratio of the concentrations

of the elemert in the static and the mobile phase (2). Since
the concentrations are proportional to the radioactivity level

= activity of radionuclide/g adsorbent
activity of radionuclide/g mobile phase

where the adsorbent is always weighed as an air-dried powder.
Tungsten-178 was quantitated after both fractions were allowed to
decay for 90 minutes and by counting the equilibrium activity of
Tz-178 associated with the W-178. The KD—values were calculated
as for tantalum.

Adsorption Studies. The inorganic adsorbents listed above we)
evaluated with the following non-complexing eluents: 10-3N HC1,
0.1N NaOH, 0.25% NaZHP04.7H20, 0.9% NaCl and 0.1% NaHSO3. The
adsorption of W and Ta onto organic adsorbents was also eval-
uated. The W and Ta adsorption onto the pyrogallol-formaldehyde
resin was evaluated with aqueous mobile phases as a function of
pH. The KD of W and Ta between silica or silylated silica and

mobile phases containing dilute HCl or 1% NaF were determined.

An attempt to improve the adsorption of W onto Dowex 1x8 was made
by converting the loaded W-178 activity to phosphotungstate,
either by recrystallizing the phosphotungstate and using its HC1

solutions or by forming it in situ by means of H3P04 and direct

evaluation of this solution. The KD values for W and Ta between

Bio-Rad AGlx4 and HCl solutions of differing normality were also
determined. The effect of the addition of 10-2 M or 10-.1 M B3P04

to the 0.1 N HCl mobile phases was measured. The KD values for W

and Ta between either HC1l or NaF solutions and the chelating
resin Chelex 100 were determined as a function of the pH of the
mobile phase. '

The adsorption of W and Ta onto inorganic adsorbents from
mobile phases containing fluoride was also studied. The KD

values of W and Ta between fluoride containing aqueous phases and

MnOz, Ti-phosphate, SiOZ, silylated S:lO2 and SrF2 were determined

as a function of the pH of the mobile phase. A study was made of

the rate of adsorption of W and Ta onto ZrO2 from a 0.1%
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Na-oxalate solution and onto MnO2 from 1% NaF solutions. A

study of the rates of desorption of W and Ta from MnO, by means

2
of 1% NaF solutions was made.

Distillation Generator. Irradiated tantalium foils were dissolved
in HF + HNO3, the solution converted to 29N HF and heated to

boiling in an all-Teflon distillation apparatus. Nitrogen was
used as a carrier-gas to distil (W-178) WF6 which could be used

to generate the non-volatile (Ta-178)TaF This would then be

5°
isolated by vacuum manipulation of the WF6.
Further Evaluation of the Existing Ta-178 Generator. Shielded
Ta-178 generators of 2 cc bed size that can be eluted in a short
time by means of vacuum aspiration were prepared in the Squibb
Minitec configuration. Generators were built using Bio-Rad AG1x8
as the adsorbent. The effects of eluent acidity and hydrogen
peroxide ccncentration, autoclaving, column bed size variationm,
total eluent volume used and eluent additives on the breakthrough
of W-178 and the yield of Ta-178 were evaluated. The eluate was
analyzed for possible organic resin-degradation products by means
of gas-chromatography. In order to quantitatively evaluate the
presence and magnitude of the impurity in successive elutions,
twelve "cold" standard columns were loaded with Bio-Rad AGlx8
resin and subjected to a standard W-178-loading procedure, except
that no W-178 was present in solution. The elutions were
performed with 0.15 N HC1l + 0.01% HZOZ' At 1, 3, 11, and 38

days after preparation, three elutions of 1 ml each were
collected from each column. The pH of the samples were adjusted
to 12 as required for the gas chromatography procedure.
Quantitation was by flame ionization after the gas
chromatographic separation.

Results

The results of the KD determinations are shown in Tables I-IV,.

In Table I the data for systems that strongly adsorbed both W and
Ta are summarized. Table II contains data on those systems which
strongly adsorb only Ta. 1In Table III the systems that poorly

“adsorbed W are described. The effect of acidity on the

adsorption of W and Ta onto a pyrogallol-formaldehyde chelate
resin is summarized in Table IV. The KD values of W and Ta

between silica or silylated silica and 1% NaF solutions of
different pH values are summarized in Figure 1 (lines 3 and 3A).
The KD values for the same adsorbents but using different

concentrations of HCl in the eluent are summarized in Table V.
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Table I. KD Values for W and Ta Between Various Eluents
and Inorganic Adsorbents with a High Affinity
for Both Elements

Adsorbent/ 107N 0.IN 0.257 0.9% 0.1%
Eluent HC1 HZO Nz20OH PO4 NaCl NaHSO3
TiOZ.H%OZ
DW  >2500 >500 59 >1300 >1300 >1000
‘ Kpra  >200 400 >140 >3c0  >350  >300
Fe203/KDW 52400  >1000 >125  >800  >800
Ky, 2500  >250 >125  >200  >170
a
Sb,0. /K, >250 >600  >900  >800
s >100 >200  >200  >200
MnOz/KDw 2100 95 800 5600
Sy >350 >200  >300  >800
Ti-phosph/
N E 140 380 1100
>150 >110  >200  >200
Ta
Fe(1l1l1l)/
ferrocy/ .
ng 1500 125 470 800
Ta  >140 >140  >90 >60
2x0, /Ky >100  >400 5250  >250
Kpra  >200  >100 >50 >50
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Table II. of Tantalum Between Various Eluents and
Inorganic Adsorbents with a High Affinity
for Tantalum
Absorbent/ 107N 0.1N 0.25% 0.9% 0.1%
Mobile Phase HC1 NaOH P043- NaCl NaHSO3
Ti.O2 >200 >30 >60 >150 >300
SnOZ(CaCIZ) >200 >40 >200 >250
Zr(ferrocy) >250 >50
Ni(ferrocy) >200 >70
Ti(ferrocy) >300 >90
K-Co(ferrocy) >300 >180 >60 >70
WS3 >100 >100
Table III. KD Values of W Between Various Eluents and Inorganic
Adsorbents with Low Affinity for Tungsten
Adsorbent/ 107N 0.IN 0.25%7 0.7% NaClL  0.9% 0.1%
Mobile Phase HC1 H20 NaOH P043— +0.2% NaHCO3 NaCl NaHSO3
SnO2 30 68 41 6 5 120 18
§i0, 27 7 3
Neutral 1-‘-.1203 30 6 8
Cr0 2 2 3 3
Zr-phosph 15 44 16 89 55 96 55
Sn-phosph 4 14 8 51 2 78 35
Tungsten :
Carbide 5 1 36 6 12 24
Phomix 34 17
Siphozir 53 12
Cr-phosph 3 4
Cu-ferrocy 8 10
MoO’z(ferrocy) 7
Ti0 95 110 10 17 21
AL, /ca¥, 3 3 6 28
A1203/SrF2 6 8 15 20
wS 2 24 2 6

3
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Table 1IV. KD of W and Tz Between P-F Resin and HCl Solutions

- log N(HC1) KD’ W KD’ Ta
Adsorption Desorption Adsorption Desorption
1 285 2,500 210 2,000
2 420 3,250 310 2,000
3 490 3,900 200 2,000
4 350 2,850 220 2,000

Table V. KD of W and Ta Between Silica or Silylated Silica
and Aqueous Dilute HC1l

- log N(HC1) Ky W Ky, Ta

Adsorption Desorption Adsorption Desorption

Silylated silica

1 650 >5,000 >500 >500

2 19 130 >500 >100

3 28 16 >20 >10
Silica

1 26 450 >20 >200

2 30 850 >20 >500

>20
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Figure 1. Distribution coefficients (KD) of W and Ta be-
tween SrFp, silylated SiO» or SiOp and aqueous NaF solutions
as a function of the pH of the mobile phase.
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The results of the adsorption experiments using Bio-Rad
AGIx8 with the W-phosphotungstate were negative because stronger
Ta-adsorption occurred with these phesphate-containing solutions.
The results of the KD determination for W and Ta between Bio-Rad

AGl-x4 and HC1 solutions of different normality are summarized in

Figure 2. The effect of the addition of H3P04 to the 0.1 N HC1

mobile phase is also indicated. The results of the KD

determinations for W and Ta between Chelex 100 and dilute HC1l
solutions are shown in Table VI. The results for Chelex 100
using 1%Z NaF solutions of varying pH are summarized in Table VII.
The KD of W and Ta between MnO2 and aqueous solutions of

differing NaF concentrations and pH are summarized in Figure 3.
The KD values for W and Tz between Titanium phosphate and either

1% NaF or 0.1% NaF solutions as a function of pH are shown in
Table VIII. The KD values as a function of pH for W and Ta

between SrF2 and 0.1% NaF solutions are summarized in Figure 1

(lines 1 and 1A). 1In Figure 1 the KD values of W and Tz between
SiO2 (lines 2 and 3A) or silylated SiO2 (l1ines 2 and 2A) and 1%

NaF solutions as a function of pH are summarized.
The results of the determination of the adsorption rates of

W and Ta onto ZrO2 and MnO2 are shown in Figure 4. Lines 1 and 2

show the adsorption of W and Ta onto MnO, from 17 NaF solutions.

2
Lines 3 and 4 depict the adsorption of W and Ta by Zr02 from a
0.1%7 sodium oxalate solution. Lires 5 and 6 of Figure 4 show

the desorption of W and Ta from MnO, by 1% NaF solutions. Using

2
the Minitec configuration, a full bolus of Ta-178 was eluted from
the 2 cc Bio-Rad AGl1-x8 columns by means of 1.5 ml of HC1 0.15 N

+ 0.01% H202. The elution is performed with an evacuated vial

and takes only 15 seconds. The adsorbent bed can be left dry
between elutions.
In the distillation experiment, (W—178)WF6 could not be

distilled from the 29 N HF solutions, using the all-Teflon
distillation apparatus.

The elution yield for Ta-178 from Bio-Rad AGl-x8 by means of
1.5 ml of 0.10 N HC1 + 0.01% E,0, or 1.5 ml of 0.15 N HC1 + 0.01%

2
H, O
2

o was 33% and 52%, recpectively. The Ta-178 yields and W-178

breakthrough values obtained with 2 ml of 0.15 N HCl1 containing

variable amounts of H202 are shown in Table IX. Table X shows
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Figure 2. Distribution coefficients (Kp) of W and Ta be-
tween Bio-Rad AGlx4 and aqueous HCl solutions as a function
of HCl concentration.

Table VI. KD of W and Ta Between Chelex 100 and Mobile
Phases of Varying HC1l Concentration
(10" Desorption)

R

pH W Ta
0.6 950 100
0.8 1,250 150
1.0 3,000 400
1.1 3,000 -
1.3 4,000 500
4.8 75 40
9.0 10 10

10 20
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Table VII. KD of W and Tz Between Chelex 100 and 17 NaF
Aqueous Solutions as a function of pH
(10" desorption)

*p
pH W Ta
. 1.8 1,600 85
2.0 300 100
3.1 350 80
3.9 - 90
5.1 130 40
6.0 170 50
7.4 30 25
8.3 20 20
8.7 10 10
9.9 1 2

Table VIII. ?R of W and Ta Between Ti-phosphate and
uoride solutions as a function of pH

1% NaF 0.1% NaF
b | )

W Ta W Ta
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10000 +
ORIGINAL

000 +—
a 1) OI% NoF
x 2) | % NoF
3) 0.4% NaF

100
o ! | L I
(o} 2 4 6 8

Figure 3. Distribution coefficients (Kp) of W and Ta be-
tween MnO, and aqueous NaF solutions of different concen-
tration as a function of the pH of the mobile phase.

DETECTION LIMIT
1L L L L L L LTI LT LT LA 0 L 2
(5) W - desorption MnO,

1,000

o 100
x

| | 1
) 10' 30 60'
Time of equilibration

Figure 4. Adsorption rate of W and Ta onto MnOy and Zr03
from aqueous 1% NaF solutions and desorption of these
elements from MnO,.
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the influence of autoclaving of the loaded AGl-x8 generator on
the Ta-178 yield and radiochemical purity (RCP). To inhibit the
migration of particles during the autoclaving, an intermediary
filter was added 5 mm under the top filter of the column. The
effect of autoclaving on the Ta-178 yield and RCP for this type
of column is summarized in Table XI. The results of an
exhaustive elution of a 1 cc Ta-178 generator based on Bio-Rad
AG1x8 is shown in Table XII. Each elution was performed with 1
ml of HC1 0.15N + 0.017% HZOZ' Several mixtures of 0.15 N HC1

with other components were evaluated as eluents for a 2 cc Ta-178
generator. The results are summarized in Tabhle XIII.
Trimethylamine was identified as a product of the decomposition
of the Bio-Rad AGl-x8 anion-exchange resin. The quantitative
results obtained by gas-chromatography and FID are summarized in
Table XIV.

Discussion

Using a 0.10 N HC1 + 0.01% H202 as eluent, the Life Sciences

Division of the National Aeronautics and Space Administration
(NASA) has successfully cperated a large number of Ta-178
generators based on Bio-Rad AG1x8 and has successfully tested
them in human subjects (é). Ultimately, their intention is to
use these for evaluation of cardiac function of astronauts in
space. The only published Ta-178 generator is based on
adsorption of W-178 on an organic anion-exchanger and elution of
the daughter isotope by means of a dilute HCl eluent, containing
a small amount of HZOZ' The eluate can easily be converted to an

injectable solution and the Ta-178 yields in 1 ml eluent volume
are higher than 50%. However, the W-breakthrough increases to
more than 0.1% after about 50 collections. The early
breakthrough and the radiolytic instability of organic adsorbents
are the main drawbacks of this system. An attempt to correct
these shortcomings by using a more radiation-resistant inorganic
adsorber or with any other adsorbent that would adsorb W more
strongly than Bio-Rad AGlx8 did mot lead to a procedure that was
superior to the original system. Many inorganic adsorbents have
a high affinity for tungsten but typically also adsorb tantalum
very strongly. It was noted that Ta-178 which had grown in from
W-178 while the latter was adsorbed was very strongly retained by
all the inorganic adsorbents. The reason for this strong Ta
binding may result from isoelectronic transition of the W-178
which probably dces cleave any chemical bonds between the
daughter isotope Ta-178 and the stoms or groups of the molecule.

Since most of the experiments have been performed with WOAZ-, the

resultant Ta species may be expected to remain oxygenated because
Ta 5d-orbitals overlap strongly with oxygen 2p-orbitals to give
substantial T-bonding.
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Table IX. Ta-178 Yield and W-178 Breakthrough from
Bio-Rad AGlx8 as a Function of the
H, O, -Concentration

272

A H202 Ta-178 Yield w-178 Brea%through
(%) (x107)
0 17 5
0.01 48 0.2
0.05 54 N.A.
0.10 38 <0.2
0.20 55 N.A.
0.50 51 N.A.

N.A. = Not Available

Table X. Ta-178 Yield and RCP Before and After Auto-
claving of the Loaded Generator

Eluent Volume Ta-178 Yield W-178 Breakthrough
(ml) (%)

Before Afrer Before After

1 48 (n=5) 42 <0.1(n=5) 5(n=5)

1.5 45 (n=5) N.A. <0.1(n=5) N.A.

Table XI. Effect of Autoclaving on Ta-178 Yield and RCP
for the Modified Column

Ta-178 Yield W-178 Breakthrough (x103)

Eluent Before After Before After
HC1 0.15N 48(n=5) 47 (n=5) 0.5 0.3

+ 0.1% HZO2

HC1 O0.15N N.A. 37 (n=5) N.A. 0.5

+ 0.01% HZOZ
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Table XII. Ta-178 Yield and W-178 Breakthrough from a 1 cc
Bio-Rad AG1x8 Column as a Function of the Total
Eluted Volume

Volume Eluted Ta-178 Yield w-178 Bregkthrough

(ml) (%) (x107)

1-10 40 0.07

11 - 20 37 0.05

21 - 30 49 0.05
31 - 40 46 0.24
41 - 50 72 1.7
51 - 60 67 4.6
61 - 70 47 6.1
71 - 80 44 5.1
81 - 90 54 5.0
5.0

91 -100 45

Table XIII. Effect of Eluent Additives on Ta-178 Yield
from Bio-Rad AG1x8

Eluent Ta-178 Yield (%)
HC1 0.15K + 1072 § KaF 0.3
HC1 0.15N + 0.03 N HNO3 10
HC1 0.05N + 0.1% Na3—citrate 0.6

Table XIV. Trimethylamine Concentration in Generator Eluent
as a Function of Time Between Elutions

Time after Preparation Trimethylamine (ppm)

(days) lst Eluate 2nd Eluate 3rd Eluate
38 9 0.9 0.2
11 3 0.3 0.2
3 3 0.2 0.02
1 2 0.3 0.03
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The initial protonated species of the resultant Ta oxides
can expand their coordination sphere by coordinating water
molecules. Since most of the evaluated adsorbents are hydrates,
this could explain the strong tantalum binding. Tantalum-
complexing agents, such as fluoride, hydrogen peroxide, oxalate,
citrate and tartrate, did not succeed in desorbing tantalum from
the inorganic adsorbents. A good chemical separation was
obtained with MnO2 as as adsorbent and a solution of 1% NaF as an
eluent. However, the solubility of the hydrated MnO2 in these
eluents makes this process pharmacologically unacceptable.
Synthetic chelating resins, such as Chelex 100 and the copolymer
of pyrogallol and formaldehyde, in combination with
pharmacologically acceptable eluents, were unable to separate W
and Ta better than Bio-Rad AG1x8.

Our more detailed study of the Ta-178 generator based on
Bio-Rad AGIx8 has confirmed that higher acidity eluents result in

higher yields of Ta-178. A minimum of 0.01% H202 is necessary to

ensure a good (>507%) Ta-178 yield and low (<0.02%) W-178
breakthrough. We have also found that the yields and
breakthrough characteristics are unaffected by autoclaving of the
generator. About 50 collections of Ta-178 can be made from a 1
cc-bed-size column before the W-breakthrough becomes larger than
0.1%. Addition of complexants such as fluoride , ascorbate or
citrate has a negative effect on Ta-178 yield. The generators
can be stored dry between elutions without any effect on yield or
breakthrough. The only organic breakdown product that can be
detected in the generator eluent is trimethylamine. We have also
shown that the resin-breakdown was caused by the acidic eluent
rather than by radiolysis. The contaminant increases in
concentration with the duration of the exposure to the eluent but
is almost quantitatively removed by the first elution. The
highest levels observed were 9 ppm trimethylamine after 6 weeks
of exposing the generator to the acid without any elution being
performed. After one elution, the concentration drops to 1 ppm.
The problem is effectively eliminated by dry-storage of the
generator between elutions.
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Figure 1: Multiwire gamma camera (center) operating in the Johnson Space Center Gamma Ray Imaging Laboratory.
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Multiwire gamma camera for
radionuclide and radiographic imaging
in space and on earth

Jeffrey L. Lacy, Ph.D.
Johnson Space Center
Houston, Texas

A portable multiwire gamma cam-
era (MGC) has been developed by
NASA for cardiovascular studies in
space.!? The same characteristics that
make this device suitable for space
research may provide substantial
benefits in earthbound clinical work.

The device employs a gas mixture
(xenon-methane) and wire grid
structures rather than a sodium
iodide crystal and photomultiplier
tubes for detection of radiation. The
elimination of photomultiplier tubes
and reduction of lead shielding re-
quired makes possible a very com-
pact portable device (Figure 1) which
is intrinsically very rugged. In addi-
tion, the camera is capable of high
resolution limited only by the grid
wire spacing and is very fast, pro-
ducing signals with a duration one-
tenth that of sodium iodide signals. A
refined high-speed delay line readout
system has been developed which
provides an event rate of 850,000
cps™* (Figure 5).

The prototype devices being tested
have an active area of 10 inches di-
ameter, a wire grid spacing of 2 mm

Lx RNM MAGES

and exhibit a spatial resolution of 2.5 *

mm FWHM for 30-80 KeV radiation
(Figure 6). Good sensitivity is exhib-
ited in this same energy range, mak-
ing practical nuclear medicine appli-
cations with the standard isotopes
thallium-201 and xenon-133. Al-
though sensitivity is not adequate for
technetium (Tc-99m), a new low-
energy, short half-life isotope is being

About the author

Jeffrey L. Lacy, Ph.D., currently
directs the Gamma Ray Imaging
Laboratory at the Johnson
Space Center, Houston, Texas.
The principal activity of this
laboratory is application of the
multiwire gamma camera im-
aging to medical areas of inter-
est to NASA. Dr. Lacy has had a
long history of fundamental
development of this technology
at the Johnson Space Center in-
cluding development of so-
phisticated instruments for
high energy astrophysics re-
search. For more information,
circle no. 599 on the Reader
Service Card on page 21.

refined for application with the MGC.
It will provide many of the diagnostic
capabilities of Tc-99m with vastly re-
duced radiation exposure even with
increased isotope dose, with im-
proved image statistical quality. This
new isotope is being tested with the
MGC at the Johnson Space Center
and is showing great promise for car-
diac studies. :

The MGC also has potential as a
digital radiography device. It has ex-
cellent imaging characteristics in the
standard radiographic energy range
and is capable of producing directly
digitized images at relatively tow
cost. This application may be par-
ticularly useful in space where the
MGC could provide the detector for a
general radiographic facility. Both
planar and tomographic imaging
could be relatively easily im-
plemented in zero-gravity situations,
and radiographic data conveniently
relayed to the ground for diagnosis.

Tantalum-178

Tantalum-178 (Ta-178) is a radio-
nuclide with exceptional character-
istics for use with the MGC. It has a
very short but convenient half-life of
9.3 minutes. A practical generator
svstem reported by Neirinckx, et al.®

ORIGINAL PAGE IS



a 20-mCi bolus of Ta-178.

exists based on the 22-day cyclo-
tron-produced parent, tungsten-178
(W-178). Furthermore, the dominant
emission energy of 55-65 KeV is
practically ideal for the MGC. De-
tailed human and animal biologic
distribution studies, performed in our
laboratory by Babich and LeBlanc?,
have demonstrated no significant
target organ concentration of either
Ta-178 or the parent W-178 break-
through. In addition, the parent
W-178 is rapidly excreted from the
body (biologic halflife of six hours),
making exposure from the low levels
of W-178 breakthrough negligible.
Thus, wholebody dose levels a factor
of 20 below, and target organ doses a
factor of 65 below those of Tc-99m
pertechnitate are achieved. In addi-
tion to substantial radiation dose ad-
vantages, Ta-178 offers the possibility
of multiple repeat studies without
build-up within the subject. The eco-
nomics and operational convenience
of the generator are excellent due to
the long W-178 half-life. The
generators have a useful life of at
least one month and 50-100 elutions
can be performed over this period.®

Less waste

In addition to the basic advantages
of Ta-178 for physiologic investiga-
tion in general, the Ta-178/W-178
system has major advantages for
space flight nuclear medicine appli-
cations. The generator parent hali-life
is convenient for shuttle space Inis-
sions, which range in duration from 5
to 30 days in the near future and
could even be practically emploved

o fapeee ]

for 60 to 90-day space station tours of
duty. The short half-life of Ta-178
would prevent build-up of activity
within the shuttle waste system that
would result from multiple studies
with longer half-life isotopes.

More than 20 W-178/Ta-178
generators of activity from 20-100
mCi have been produced at the
Johnson Space Center over the past
two years. These generators have
shown good yield, low breakthrough,
and excellent reliability. The W-178

Figure 2 (left): Time activity curves corresponding to the structure of the superior vena cava, right atrium, right ventricle and pulmonary arery during the first
four seconds after injection of a 20-mCi bolus of Ta-178. Figure 3 (right): Left ventricular time activity curve during an 18-second period following injection of

for these generators has been pro-
duced at the Lewis Research Center
cyclotron and supplied by Dr. James
Blue, the director of the facility.

Trial MGC/Ta-178 studies

Pilot human studies of the MGC
employing Ta-178 have begun at the
Johnson Space Center. Eight human
volunteer subjects have been studied
by first-pass technique with Ta-178
bolus injections ranging from 20-60
mCi. To investigate reproducibility,

Figure 4: Caraiac representative cycle obtained from a 20-mCi Ta-178 first-pass stuay Left ana rght
ventncular images are separately obtainea and supenmposed with reg and blue coaing. respeclively
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Figure 5 (left): High-speed delay line readout
system. Figure 6 (below): Line-spread resolution
measurements for x-ray energies ranging from 30
to 80 KeV.

repeat studies were performed in
some of the subjects with 30-minute
spacing. The MGC collected these
studies at a frame rate of 40 fps in 32
x 32 format and a pixel size of 0.5 x
0.5 cm.

Figure 2 (page 45) shows time ac-
tivity curves from one of these
studies corresponding to the first four
seconds post injection. Time activity
curves of the four regions outlined in
the left margin are displayed from
top to bottom delineating superior
vena cava, right atrium, right ventri-
cle, and pulmonary artery. In Figure
3 the left ventricular time activity
curve from the same study is dis-
played for the entire 18-second data
acquisition period.

Representative cycle images of the
right and left ventricles have been
obtained from these studies by stan-
dard software procedures. One of the
studies is displayed in Figure 4 (page
45), with the right ventricle coded in
blue and left ventricle in red. Figure
7 (page 47) displays left ventricular
volume curves obtained from two 20
mCi studies repeated in the same
subject at 30-minute spacing. Cur-

rently, these studies are quantita--

tively similar to Tc-99m multi-crystal
camera studies in terms of spatial
resolution, image statistics, and tem-
poral resolution. Substantial im-
provements are expected through
optimization of isotope dose, col-
limator characteristics, and data
analysis techniques.

Radiographic studies

The uncollimated MGC detector
has undergone limited testing as a
radiographic device. Exceptional data
collection rate combined with high
resolution offers unique potential in
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this area. Figure 8 (page 48) shows
digital radiographs with the device.
All of these were obtained by trans-
mission imaging with a sealed-point
1-125 (30 KeV) source. Other sources
such as americium-241 (60 KeV) and
gadolinium-153 (44 and 100 KeV)
can be employed with equal efficacy
in cases where higher x-ray energy is
desired. Great flexibility in this
technique is achieved by varying the
source, specimen and detector sep-
aration to obtain an image on the de-
tector that fills its active area inde-
pendent of the specimen size. This is
clearly demonstrated in Figure 8b
and 8c in which specimen size
ranges from a few millimeters to 8
cm. In each case the image size has
been adjusted to match the 10-inch

active area of the MGC. Radiation
dose from this type of study is very
low. All the studies of Figure 8 were
performed with a dose of less than 1
mRad.

Grﬁund-basod applications

Clinical testing of the MGC and
Ta-178 isotope is proceeding at two
different sites. A complete MGC cam-
era has recently been delivered to
Duke University, where Dr. Robert
Jones will apply the device with em-
phasis on long-range pediatric appli-
cations. Another camera will be
tested in the near future at The
Methodist Hospital, Houston. Car-
diology applications will be investi-
gated by Dr. Larry Poliner and Dr.
Mario Verani within the cardiology
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Figure 7: Left ventricular volume curves obtained
from 20-mCi Ta-178 first-pass studies performed
30 minutes apart in the same subject as in Figure
4 on page 45.

department at Baylor College of
Medicine, headed by Dr. Robert
Roberts. Other nuclear medicine ap-
plications will be explored by Dr.
Adrian LeBlanc of the Baylor nuclear
medicine department. This testing
will concentrate on validation of the
technique for disease diagnosis and
detection. In addition, a highly por-
table camera will be applied at Baylor
for study of acute myocardial infarc-
tion in the coronary care unit. Pediat-
ric applications with this same cam-
era will be investigated by the pediat-
ric cardiology group at the Texas
Childrens Hospital, Houston, headed
by Dr. Dan McNamara.

The MGC/Ta-178 technique posses-
ses many advantages for coronary
disease applications. Much larger
isotope doses can be administered
allowing first-pass studies of superior
statistical and spatial resolution to be
obtained with the MGC. Multiple
studies can be performed either for
frequent assessment such as follow-
ing acute myocardial infarction or for
long-term follow-up. Highly portable
single and multiple-head cameras,
which can be constructed at rela-
tively low cost, could provide easy
access to patients in intensive care
and ease of use in remote locations.
Multiple-view cameras would pro-
vide the capability of three-
dimensional reconstruction of in-
tracardiac structures by first-pass
technique. Such reconstruction pro-
viding dynamic cross-sectional im-
ages of all cardiac structures will
likely improve assessment of regional
function. This is of great importance
both in following acute myocardial
infarction and in the early detection
of coronary diseases by exercise
studies. These techniques of three-
dimensional reconstruction are cur-
rently being developed at the
Johnson Space Center. If they provide
significantly improved sensitivity as
expected for exercise-induced dys-
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function, the MGC/Ta-178 modality
could provide a means of early coro-
nary disease detection applicable at
low cost to large populations at risk
for development of disease.

Pediatric applications

Pediatric medicine could poten-
tially benefit greatly from this new
technology as well. Ta-178 doses as
high as 40 mCi can be given to new-
born infants with acceptable radia-
tion exposure levels. Thus, high-
quality shunt quantitation and other
cardiac measurements with serial
follow-up should be possible. The
high portability of the MGC should
provide easy application in the
pediatric intensive care unit. Multi-
view MGC devices with pinhole col-
limators could provide three-di-
mensional reconstruction of cardiac
structures in these patients as well.
Such instruments offer great poten-
tial for multi-faceted diagnosis of the
many newborn infants with car-
diopulmonary difficulties of un-
known origin. For example, differ-
entiation could be obtained between
primary pulmonary dysfunction and
cardiac shunts, which produce the
same outward symptoms in many
cases.

Potential applications in the
radiology area also look promising.
Osteoporosis, a disease with high
prevalence in post-menopausal
women, could likely be significantly

controlled if quick, inexpensive bone
measurements could be performed to
screen for accelerated bone density
losses in this population. The MGC
may provide the necessary technol-
ogy. Bone density measurements in
areas such as the heel or lower arm
can be performed with the MGC and
I-125 source in a matter of seconds by
simple transmission imaging (Figure
8) and result in a radiation exposure
of less than 1 mRad. Thus, the
technology provides the possibility of
quick, inexpensive screening for low
bone densities that could be applied
even in remote locations.

Space application

Significant vascular and non-
vascular fluid shifts result from expo-
sure to a zero-gravity environment.
These shifts are expected to have sig-
nificant effects on cardiac chamber,
pulmonary and central vessel vol-
umes and potentially on cardiac
function. Although the effects are
relatively benign in short-duration
flights, fundamental understanding
of these alterations is of great impor-
tance particularly as longer-duration
missions become necessary in the
space station era. In-flight measure-
ment of the volumes of individual
cardiopulmonary structures and the
functional parameters of the cardiac
chambers is central to this under-
standing.

Individual cardiac chamber vis-
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ualization is difficult with current
technology due to the overlap of the
different cardiac structures in any
given viewing plane. The first-pass
technique offers the greatest potential
for separation of these structures due
to the discrete nature of the
radionuclide transit through the car-
diopulmonary system. The right and
left ventricles are well separated
temporally by the significant transit
time through the lungs. Even serial
chambers such as the right atrium
and the right ventricle can be sepa-
rated by this technique by means of
radionuclide dilution differences
present even in these nearby struc-
tures. Techniques for such separation
are being developed at Duke Univer-
sity and the Johnson Space Center
and will likely represent the best
technology available for imaging in-
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dividual cardiac structures. The
much higher statistics and multiple-
view imaging permitted by the
MGC/Ta-178 technology should
greatly enhance these capabilities.

In addition to determination of the
cardiopulmonary effects of zero
gravity, the MGC/Ta-178 technique
can be employed also to directly
measure the vascular fluid shift.
Babich and LeBlanc have shown that
Ta-178 is bound in the blood with
high efficiency.® Therefore, the blood
volume distribution through the en-
tire subject anatomy can be deter-
mined by scanning. Additional in-
formation relating to fluid redis-
tribution, in particular the non-
vascular component of this redis-
tribution, can be obtained by trans-
mission imaging. The MGC. com-
bined with Ta-178 and sealed radiog-

Figure 8: Radiographic images produced with the uncollimated MGC cam-
era and a 100 mCi sealed |-125 source. Top left (A); Integrated circuit 2 cm
in length. Left (B): Three-dimensional bone density presentation from an
MGC radiograph of a rat femur with 2mm hole perpendicular to bone shaft.
Above (C): Human heel (calcaneus) radiograph obtained with radiation ex-
posure less than 1 mRad.

raphy sources, thus represents a pow-
erful technology for near-term re-
search work aboard the space shuttle.

Space station facility

As duration of space missions in-
creases, and particularly with the ad-
vent of space station activities, the
need for sophisticated medical diag-
nostic equipment in space will
emerge. The MGC has the potential to
supply the technology for both nu-
clear medicine and general radio-
graphic diagnostic imaging in space.
A proposal is currently being pre-
pared for a space diagnostic imaging
facility shown in Figure 9. It incorpo-
rates a single 10-inch MGC detector
and x-ray source into a structure
which allows both planar radiog-
raphy and transmission tomography
In this facility a subject is strapped to




a rigid x-ray transparent platform.
For planar radiography studies, the
x-ray source and MGC are moved
along tracks parallel to the subject
until the appropriate anatomical re-
gion is viewed. The subject is then
moved parallel to the x-ray beam di-
rection to obtain the magnification
factor appropriate for the anatomy
being studied.

The mechanics of tomographic im-
aging are easily implemented in zero
gravity. Such imaging is facilitated
by rotation of the patient about his
long axis. The bed of the device can
be adjusted vertically (Figure 9) so
that the position of the rotation axis
above the bed can be varied. Thus,
any anatomical region can be imaged
tomographically, from wrist to a
torso, by appropriate subject po-
sitioning and image magnification.

This general purpose facility
would provide a multitude of diag-
nostic radiographic capabilities in-

cluding lung and other organ imag-
ing to aid diagnosis of various ail-
ments; skeletal radiographs for diag-
nosis of fractures; and tomographic
bone density measurements for serial
determination of bone density
changes induced by zero gravity. The
same MGC could be employed either
mounted in the facility or separately
for nuclear medicine applications
with Ta-178 and other injectable
isotopes including those used in
ECT and exercise studies.

In conclusion, the multiwire cam-
era offers great potential in clinical
and space medicine for both nuclear
medicine and radiology applications.
Many of these applications will be
explored and validated in coming
years through collaborative research
projects between NASA and clinical
institutions. It is expected that appli-
cations of great benefit to both space
and clinical medicine will emerge in
the near future.
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TA-178 AS AN IMAGING AGENT FOR ANGER AND MULTICRYSTAL
CAMERAS. A.D. LeBlanc, J.L. Lacy, P.C. Johnson, L.
Poliner, and S. Jhingran. Baylor College of Medicine
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The purpose of this study was to extend previous work
with Ta-178 with particular attention to the requirements
for cardiovascular studies.

Irradiated Tantalum foils were dissolved and purified
using published techniques to obtain Tungsten-178. A
W-178+Ta-178 generator was constructed and tested. We
investigated different collimators on both a multicrystal
and an Anger camera by comparing Ta-178 and Tc-99m images
and calculated ejection fractions obtained using a car-
diac phantom. In addition, pulse height spectra were
obtained with and without collimators to investigate sep-
tal penetration. Scatter and septal penetration of Tow
and medium energy Anger camera collimators were evaluated
by imaging point sources of Ta-178, Am-241 and Tc-99m. It
is concluded that Ta-178 can be used for first pass stud-
jes with the multicrystal camera taking advantage of the
high count rate capability of this device. The 1" high
sensitivity collimator reduces septal penetration to .
acceptable levels. The Tc-99m and Ta-178 processed images
were judged to be very close in quality. Imaging Ta-178
with an Anger camera and a medium energy collimator re- =
duced septal penetration to acceptable levels, but pro-
duced poorer images compared to those using Tc-99m and a
high resolution collimator because of poorer inherent and
collimator resolution and because a greater fraction of
compton scatteredphotons are accepted by the pulse height
analyzer. However, for calculating ejection fractions
and displaying wall motion, Ta-178 and a medium energy
collimator gave satisfactory results.
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BIOLOGICAL FATE OF TUNGSTEN-178 AND TANTALUM-178. J.W.
Babich, A.D. LeBlanc,, J. Lacy, P. Johnson, and S. Jhingran.
Medical Research Branch, NASA/JSC and Baylor College of
Medicine, Houston, TX.

Ta-178 (from W-178/Ta-178 generator) imaging with the
multiwire proportional camera (MWPC) is under evaluation
for first-pass cardiac studies in humans. The purpose of
this work is to define the biodistribution and metabolic
fate of Ta-178 and W-178 as a generator breakthrough
product.

Two rats injected with 10uCi of W-178 were counted (WBC)
daily for 21 days, sacrificed and the organ distribution of
residual W-178 determined. The WBC demonstrated two effec-
tive half-lives (Te), Shrs (98%) and 10 days (2%) with 93%
of the activity recovered in the urine. At 21 days the
greatest concentration of activity was in bone follcwed by
spleen and liver. Three human volunteers injected with 2uCi
of W-178 were counted in a whole body counter (NASA/JSC)
from 0-450hrs. Blood and urine collections were ottained up
to 4 days. The WBC demonstrated multiple components with
approximately 957 excreted with a Te of 8hrs, 47 with Te of
30-40hrs, and 1.5% with Te of 11 days. At 4 days 84-937 of
activity was found in the urine. Blood levels rapidly
decreased to bkg by 24hrs. Both human and animal data indi-
cate rapid elimination of the potential W-178 breakthrough
product. Five additional volunteers were injected with
20mCi of Ta-178 to evaluate the MWPC, blood clearance and
organ distribution. Blood samples were taken at 2,5,10,15,
20,25min post injection. Decay corrected static images of
the thoracic, upper and lower abdomen obtained at 2,10,30
min post injection showed no significant organ concentra-
tion. Blood activity at 25min ranged from 79-957% of the
5min samples suggesting gated as well as first-pass
studies may be feasible.
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Ta-178 injections and optimal collimator selection. 1In
conclusion, the portable MGC with Ta-178 offers a system
with improved image resolution lower radiation exposure,
and permits repeated rapid studies in even critically ill

patients.
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MULTIWIRE PROPORTIONAL COUNTER GAMMA CAMERA AND TANTALUM-

178 RADIONUCLIDE--NEW IMAGING TECHNOLOGY. J.L. Lacy,
A.D. LeBlanc, J.W. Babich, M.W. Bungo, P.C. Johnson.
Johnson Space Center, Baylor College of Medicine,

Methodist Hospital, Houston, TX

A pressurized Xenon multiwire proportional counter
(MWPC) specifically designed for nuclear medicine applica-
tions has been developed. The device employs a high speed
readout system which provides very high count rates
(>800,000 cps), excellent image resolution (2.5mm FWH1),
and distortion free performance at the highest rates. The
device is a light weight compact unit which is well suitad
to portable operation. It has a high sensitivity for
x-ray energies up to 80 KeV. It can be employed effec-
tively with Xe-133 and T1-201 radionuclides. A newly
developed radionuclide, Ta-178;- is an excellent imaging
agent for use with the camera having both optimal energy
(60 KeV) and a short half life (9.3 min). High quality
first pass cardiac studies employing 20 mCi Ta-178 have
been performed in five volunteer subjects. Studies have
been analyzed to obtain right and left heart images, ven-
tricular wall location determinations, ejection fraction
values, and region of interest histograms. Tnese results
demonstrate the feasibility of performing first pass
studies with higher spatial resolution and image statis-
tics and with far less radiation exposure than is cur-
rently possible employing Tc-99m and current imaging
technology.
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178 178Ta GENERATOR: A STUDY OF THE CHROMATOGRAPHIC BEHAVIOUR OF TUNGSTEN AND

TANTALUM ON INORGANIC ADSORBENTS.
R.D. Neirinckx, A. LeBlanc, M. Vogel, J. Trumper, J.L. Lacy, and P.C. Johnson.
Squibb Institute for Medical Research, New Brunswick, N.J. 08903

Because of potential in-space utilization of a 178 178Ta generator only ard the

. Space Lab. an effort has been made to extend the useful life of the Ta genera-

tor as well as to substitute a more radiation resistant inorganic adsorber for

the organic anion-exchanger presently used (1). Therefore, a study of the chroma-
tographic behaviour_of tungsten and tantalum was carried out by batch equilibra-
tion studies of a w-178Ta mixture or 18214 between inorganic adsorbents and
various complexing and non-complexing eluents. The inorganic adsorbents that were
evaluated are Sn0Op, Alj03, ZrOy, TiOy, TiOy*Hy07, Fe03, polyantimonic acid, Cr03,
MnO2, chromium phosphate, titanium phosphate, zirconium phosphate, tin phosphate,
molybdenyl ferrocyanide, zirconium ferrocyanide, ferric ferrocyanide.

The complexants that were evaluated are fluoride, citrate, tartrate and oxalate.
The most promising results were obtained with fluoride containing eluents, A
summary of the Kp values of W and Ta between MnOj and a 17 NaF solution as a func-
tion of pH-is shown in Fig. 1. The observed minimum in the adsorption of both
tantalum and tungsten is just above the point of zero charge !(PZC pH 2.8) of MnOj.
This indicates the desorption of anionic complexes from a cation exchanger. 1In 1%
NaF solutions the tantalum species present are TaFg-, TaF72— and hydroxo fluoride
compounds of complex structure (2,3,4). At higher pH values the stability of the
complexes decreases rapidly in favor of hydrolyzed species, which could explain
the increasing tantalum adsorption at increasing pH above the PZC.

The Kp values obtained with the inorganic adsorbents, eluted with a pH 6 1% NaF
solutions are summarized in Table.l. The Kp /Kpp, ratio for these systems do not
lend themselves to the development of a suitable 1781, generator.

Most other adsorbent/complexing eluent combination adsorbed tantalum more strongly
than tungsten, with Kj values for both tungsten and tantalum declining with in-
creasing pH.

The following conclusions can be drawn from these experiments:

1. The kinetics of adsorption and desorption of tantalum and tungsten are
very slow, leading to large discrepancies in Kp values obta1ned by adsorp-
tion or desorption procedures. :

2. 1In the absence of complexing agents the earth acid tantalum forms very stable
hydrolyzed compounds (5) that strongly absorb to almost all inorganic ex-
changers over a wide pH range. Hydrolysis with the hydration water of the
adsorbent may be the reason for the strong tantalum binding.

3. Complexing agents are effective at desorbing tantalum from inorganic ex-
changers. However, solubility of the adsorbents and desor9t1on of tungsten
are obstacles that must be overcome on the way to a 8Ta generator
based on inorganic adsorbents.
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Table 1

Kp values for W and Ta between inorganic adsorbents
and aqueous solutions, containing 1%Z NaF (equil. time = 10')

Adsorbent Kp
W : Ta
adsorption desorption adsorption desorption

stannic oxide 260 1,600 73 : 800
Tin-phosphate 7 85 7 50
titanium oxide 60 450 90 700
zirconium oxide 10 410 13 1,500
zirconium phosphate 7 140 4 100
copper ferrocyanide 8 27 20 60
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