6omzn-CHLORIDE—A NEW SCANNING AGENT:
A STUDY OF ITS DOSIMETRYAND BIOLOGICAL FATE

Steven A. Lorber, Fred M. Gold, Anthony A, Maglione and Sidney Rubenfeld

A great deal of information is available on the
metabolism of zinc in animals and man. Much of this
knowledge was gained by studying radioactive zinc
in the form of %Zn (I-4). The recent introduction
of mZn (5) with a 13.8-hr physical half-life and
a 0.438-MeV gamma-ray emission has permitted, in
addition to metabolic studies, a detailed evaluation
of the organ concentration by radioisotope scanning
techniques. Figure 1 shows the decay scheme (6)
of mZn, Zinc-69m decays by isomeric transition
to #Zn which, in turn, decays to the ground state
of %9Ga. The mZn-$9Zn isomeric decay mode is
equivalent to a transient type equilibrium where the
daughter %°Zn decays with the half-life of the parent
6om7Zn after reaching equilibrium which is approxi-
mately 4.8 hr after production.

This study was undertaken with the objectives of
determining the amount of radiation from ®™Zn
absorbed by various target organs, of providing addi-
tional data on the biological fate of zinc and of
exploring the possible applications of this radio-
nuclide as a prostatic scanning agent.

MATERIALS AND METHODS

Twenty-five mature male mongrel dogs, previously
anesthetized with sodium pentobarbital, were in-
jected via a femoral vein with %™Zn-chloride in 0.1
N HCI diluted in 5 cc normal saline in doses of 7
uCi/kg. A group of 18 female rabbits were similarly
studied by ear-vein injection of the ®™Zn-chloride
in 0.1 N HCI (Union Carbide Corp., Sterling Forest,
N.Y.) in larger doses of 33 xCi/kg to provide ample
counting statistics (zinc-chloride from Union Car-
bide, Sterling Forest, N.Y.).

To establish the rate of accumulation and elimina-
tion of the zinc radionuclide, the dogs and rabbits
were sacrificed at predetermined intervals. The dogs
were sacrificed at 30, 60, 120, 180, 240 and 360
min after injection, while the rabbits were sacrified
at 2, 4, 8, 16 and 20 hr postinjection. Aliquots of
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liver, prostate, kidney, pancreas, eye, lung, muscle,
testes, fat, intestine, heart and blood were counted
and compared with a standard of the administered
dose prepared from the original $*Zn-chloride so-
lution.

In vivo counting as well as scanning of animal
organs were carried out by using a Nuclear-Chicago
Pho/Gamma III Scintillation Camera. The scintilla-
tion camera was adapted with a high-energy pinhole
collimator to allow magnified images of the small
animal organs with good resolution. Aliquots of
organs and blood were measured by a Nuclear-
Chicago Auto/Gamma Scintillation Well with a
2 % 2-in. Nal(Tl) crystal having a sensitivity of
3.3 % 10° cpm/pCi.

The %mZn tissue absorbed doses were calculated
using the following equation (7,8):

D (v <=>v) = C, A ¢ (v&V)
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FIG. 1. Decay scheme of ®™Zn.
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TABLE 1. A, EQUILIBRIUM ABSORBED DOSE
CONSTANTS FOR 69mZp EMISSIONS (9)

Type of emission Ay
Beta- 0.6923
Gamma- 0.8861
Internal Con. Gamma ! 0.0479
Ch. X-rays and Auger electrons 0.0008

In which

A; = equilibrium absorbed dose constant
for radiation of typei = 1,2,3 ....
with a fractional frequency n; per dis-
integration, and a mean energy, n;E;
. = -rads

MeV. A; = 2.13 nB( S o),
in MeV. A 2.13 nlEl< Ci-hr

$; (ve—>v) == energy from the i* type of radiation
in the source v absorbed in volume, v.

energy of the i*" type radiation
emitted by the source volume, v.

C, = cumulated concentration of activity
n ,uCl—hr'
gm

in volume, v, i

CV = 14'4' C(O) [Telim. eff. = Tup. eff.]
in which

¢(0) = Maximum concentration of radionuclide
in the tissue of interest if there were in-
stantaneous uptake of the radionuclide.
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FIG.2. in vivo gumma-camera
H 69,
prostate scans using ®™Zn.

Teim s — The effective half-time for elimination of
the radioisotope in the tissue of interest.

Typ otr = The effective half-time for uptake of the
radioisotope in the tissue of interest.

The values of A; and ¢; used to calculate the 5"7Zn
tissue absorbed doses are given in Tables 1 and 2.

RESULTS

In dogs the accumulation of radioactive zinc in
the time interval of 30-180 min postinjection was
found to be greatest in the liver. The concentrations

TABLE 2. bi ABSORBED FRACTION VALUES FOR
THE 0.438-MeV GAMMA EMISSION
OF 69mZn (10)

Organ 3]
Liver 0.1227
Prostate 0.0736
Kidney ' 01717
Pancreas 0.1223
Testes 0.0738
Retina/eye 0.0061
Lung 0.3680
Muscle 0.3288
Spleen 0.1396
Blood 0.3288
Heart 01721
Fat 0.4917
Intestine 0.7375
Total body 0.3288
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TABLE 3. AVERAGE PERCENT (¢ 102) TOTAL DOSE/GRAM IN DOG TISSUES OF 69mZn

Sacrifice time

Organ
after injection
{min} Liver Prostate  Pancreas Kidney Spleen Retina Lung Muscle TJestes *Blood
30 3.6 0.94 1.2 1.2 0.50 0.56 0.33 0.09 0.1 0.18
60 5.3 1.2 1.9 2.2 0.56 0.54 0.31 0.13 0.14 0.12
120 6.2 2.3 2.0 2.4 0.62 0.69 0.52 017 0.17 0.15
180 5.4 1.8 2.6 2.3 0.68 0.68 0.42 0.12 0.17 0.13
240 4.8 2.6 2.4 3.0 0.62 0.33 0.34 0.14 0.08 0.12
360 4.4 3.8 3.5 2.2 0.79 0.22 0.19 0.20 0.04 0.14

TABLE 4. AVERAGE PERCENT (> T102) TOTAL DOSE/GRAM IN RABBIT TISSUES OF 69wZn

Sacrifice time

QOrgan
after injection
{hr) Liver Pancreas Kidney Spleen Eye Lung Muscle Fat Intestine Heart
2 0.13 0.14 0.12 0.104 0.12 0.049 0.008 0.006 0.134 0.025
4 0.14 0.10 0.076 0.058 0.004 0.035 0.007 0.004 0.062 0.028
8 0.13 0.03 0.10 0.082 0.005 0.035 0.007 0.005 0.112 0.043
12 0.10 0.12 0.10 0.088 0.003 0.039 0.006 0.005 0.097 0.046
16 0.08 0.075 0.067 0.52 0.002 0.018 0.003 0.002 0.070 0.031
20 0.04 0.039 0.031 0.023 0.005 0.022 0.004 0.003 0.045 0.019

of the zinc radionuclide found in prostate, pancreas
and kidney were approximately one third of that
measured in the liver (Table 3).

In the rabbit study the greatest accumulation of
®mZn per gram of tissue was found alternately in
the pancreas, liver and intestines in the time intervals
between 2 and 20 hr postinjection (Table 4).

In the rabbit study the greatest overall concen-
tration of the zinc radionuclide in all time intervals
was found in the pancreas and liver followed closely
by kidney, spleen and intestines. Heart, lung and
muscle showed lesser concentrations of the zinc ra-
dionuclide, while eye and fat showed the lowest
concentration.

In dogs the zinc radionuclide was found to reach
its peak concentration in the liver, spleen, retina,
muscle and testes at approximately 120 min, the lung
150 min and kidney 180 min postinjection. The
time of peak accumulation of the zinc radioisotope
in the prostate, determined by in vivo monitoring,
was found to occur 16 hr postinjection. The pan-
creatic concentration of the ®"Zn in the dog study
continued to increase beyond the 360 min studied.
The rabbit study showed that the concentration of
the zinc radioisotope in the pancreas peaked at 540
min postinjection. In general, the time for peak
accumulation of the ¢"Zn in rabbits was found to
be longer than that in dogs. Liver, lung and fat in
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the rabbit study reached peak concentrations at 300
min postinjection while spleen, heart and intestines
showed peak concentrations at 420 min postinjec-
tion. Eye and muscle peak concentration times in
the rabbit study were found to be the same as that
in the dog study.

Radiation-absorbed tissue doses for man were
estimated using the dog and rabbit study values.
Radiation-absorbed dose for prostate was estimated
to be approximately 4 rads, while liver ranged be-
tween 0.48 and 2.75 rads. In Table 5 a comparison
is shown between the mZn radiation-absorbed tissue
doses estimated for man and other radioisotopes used
for organ scanning. The estimated beta-gamma ab-
sorbed tissue doses for man were found to be within
the range of radiation-absorbed doses of other com-
monly used radionuclides. For example, 150 nCi of
198A0 will result in a radiation-absorbed dose to
the liver of about 5.7 rads while the radiation-
absorbed dose to the liver due to %"Zn is estimated
to range between 0.48 and 2.75 rads,

Figure 2 shows a sequential in vivo gamma cam-
era series of a dog’s prostate taken 1, 2, 3, 15 and
21 hr following the injection of the zinc radioisotope.
The scan at 15 hr postinjection shows a uniform
distribution of the radioisotope within the gland.
This prostate gland at autopsy was bilobate, hyper-
trophic and weighed 18 gm.
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TABLE 5. COMPARISON OF ABSORBED DOSE FROM COMMONLY USED RADIONUCLIDES WITH
69mZn.Cl ABSORBED DOSE

oy n-Cl
(500 uCit — 7 uCi/kg)
Absorbed dose (rads)

Administered Absorbed
Organ Radiopharmaceutical dose dose {rads) Dogs Rabbits
Prostate M7 Cl 4.27 e
Liver ™ Te-colloid* 2 mCi 0.66--0.72 275 0.48
Au-colloid* 150 uCi 57
“.aggregated albumin* 500 uCi 0.300
“iSe-selenomethioninet 250 uCi 0.5
PSe-selenomethioninet 210 uCi 0.6
"l.rose bengal* 150 pCi 0.25-0.50
|.macroaggregated HSA|| 300 uCi 0.397
Pancreas “Se-selenomethioninet 250 wuCi 0.06 0.58 0.29
Kidney "“Se-selenomethioninet 210 uCi 0.06
"Se-selenomethioninet 250 uCi 14 1.64 0.20
Gonads “Se-selenomethioninet 250 uCi 2.5 0.02 {male) —
T colloid§ 3 mCi 0.04 {male)
Au-colloid§ 150 uCi 0.07 (female)
0.06 (male)
0.09 {female)
Whole body “Se-selenomethioninet 250 uCi 2.2 0.15
*#|.macroaggregated HSA|| 300 uCi 0.103
"l.albumin|| 375 uCi 0.04
"“*Au-colloid* 150 uCi 0.35
".aggregated albumin* 500" uCi 0.06
"|.rose bengal* 150 uCi 0.05-0.15
lung |.macroaggregated HSA| 300 uCi 1.9 0.25 0.13
Blood .macroaggregated HSA|| 300 pCi 0.37-0.62 0. _—
*.albumin]] 375 uCi 2.00
Spleen P Tc.colloid$§ 3 mCi 0.48-1.3 0.09 0.42
Ay-colloid§ 150 uCi 3.7-11.0
Muscle 0.16 0.04
Heart 0.045
Intestine 071
Fat 0.014
Retina/eye 0.14 0.05

* Wagner, H. N. Jr.: Principles of Nuclear Medicine, W. B. Saunders Co., Philadelphia, 1968, p. 608.

T Wagner, H. N. Jr.: Principles of Nuclear Medicine, W. B. Saunders Co., Philadelphia, 1968, p. 621,

¥ Croll, M. and Brady, L. W.: Recent Advances in Nuclear Medicine, Appleton-Century-Croft, New York, 1966, p. 83.
Il Wagner, H. N. Jr.: Principles of Nuclear Medicine, W. B. Saunders Co., Philadelphia, 1968, p. 778.

§ Croll, M. and Brady, L. W.: Recent Advances in Nuclear Medicine, Appleton-Century-Croft, New York, 1966, p. 107.
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SUMMARY

In summary, zinc chloride in the form of radio-
active ¥"Zn-chloride when injected into mature male
dogs and female rabbits was found to concentrate
most in the liver and less in the prostate, pancreas
and kidney. The %™Zn beta-gamma absorbed doses
of the target organs studied were found to be within
the acceptable ranges of other commonly used radio-
isotopes. Satisfactory gamma-camera scans of the
prostate were obtained. The possibility of morpho-
logical evaluation of the prostate by scanning is
especially promising.
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