
As the use of radioactivity in diagnostic and thera
peutic procedures increases, there is growing concern
about the radiation doses to the gonads produced
by internally administered radiopharmaceuticals. It
is known that some of the spermatogenic cells of the
testis are extremely radiosensitive (1 ) . In addition,
the only cells transmitting their mutations to future
generations are the germinal cells of the gonad.
Therefore, the study of the radiation effects on the
testes is extremely important. Because of difficulties
involved in measuring the gonadal dose in man, we
have approached the problem by studying the mouse
because of its availability as an experimental animal
and because the effects of radiation on spermatogene
sis are best characterized in this species. We have
used one radiopharmaceutical, [BomTc]pertechnetate,
which is widely used in nuclear medicine procedures,
but we intend to extend this work to other radio
labeled compounds. We have quantitatively measured

the total radiation dose to the testis from this intra
venously administered radionuclide, and the radia
tion damage to the spermatogonia.

MATERIALS AND METHODS

Radio@rmaceutica1s. [9Â°â€•Tc]sodium pertechne
tate was obtained as a sterile, pyrogen-free isotonic
sodium chloride solution, pH 7.0.

Mice. The animals used, C3Hf/Bu mice, were
7â€”11 wk old at the time of irradiation, with an aver
age weight of 30 g. They were killed either by dcc
trocution (dosimetry studies) or by cervical disloca
tion (biologic studies).
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The radiation dose and the biologic damage to mouse testis from intro
venously administered [DPmTc] pertechnetate were studied. The dose was
measured for penetrating and nonpenetrating radiations from Tc-99m,

using calibrated thermoluminescent dosimeters and calculations from the
uptake of the nuclide in the testis, and was found to be 4.9 rods per mCi
of Tc-99m. The biologic damage was measured by the decrease in the num
ber of sperm heads in the testis, counted both by hemacytometer and by
Coulter counter. In preliminary experiments using external gamma radio
tion from Cs.137, the number of sperm heads reached a minimum 29 days
after irradiation. Twenty.nine days after injection of 5.8 mCi of Tc.99m,

which gives 28 rads to the testis, the number of sperm heads decreased to
70% of control. The biologic effect corresponds to that seen after 40 reds
of gamma radiation from Cs-137. The damage to mouse testis cells from
internally administered Tc.99m as measured in an in vivo system appears

to be at least as significant as that from external gamma irradiation, if not

more so.
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Concentration of pertechnetate in the testes. We
injected 100 @Ciof sodium pertechnetate in a volume
of 0.3 ml into the tail vein of each mouse. The ani
mals were killed at 30 mm or 6 hr and the testes
were placed in counting vials containing 1 ml of con
centrated nitric acid. The total administered activity
was measured by comparison with an aliquot of the
injection solution.

Another set of experiments was performed with
higher activities. The 30-mm and 6-hr points were
repeated as above and also by injecting 5 mCi Tc
99m per mouse.

In-vivo dosimetry of penetrating radiations from
[99mTc] pertechnetate. Thermoluminescent dosim
eters (TLD) used to measure the penetrating radia
tions of Tc-99m were glass-encapsulated LiF (TLD

100) powder. These dosimeters were 12 mm in
length, diameter 1.4 mm. The glass was 0.2 mm
thick, which is sufficient to exclude the nonpene
trating radiation.

Dosimeter response was measured after boiling
for 5 mm, using a TLD readerf. The following is the
calibration equation relating dosimeter response, U,
to dose: Rads = (TL + 0.02392)/0.0678.

Two methods were used for implantation of the
TLDs. In both, the mice were anesthetized with
pentobarbital. In the first group of 12 mice, a 2-cm
incision was made in the scrotal area so that the
TLD could be inserted within the tunica vaginalis,
the membrane that encloses the testis, and the skin
was closed by stitching. This procedure failed to
restrain the implanted TLDs, and only 4 of the 12
dosimeters were found inside the tunica vaginalis
24 hr after implantation. A different implanting pro
cedure was therefore used for a second group of
eight mice. With this group, TLDS were placed just
under the skin in the scrotal area.

Two hours after implantation, pertechnetate was
injected into the tail veins of both groups of mice.
The activity of Tc-99m was measured using a well
chamber radionuclide calibrator with a stated accu
racy of Â±10% . Corrections were made for any
activity remaining in the syringe after injection.

Twenty-four hours after implantation of the do
simeters, the mice were killed, the dosimeters re
moved and read, and the radiation dose calculated.

External irradiation with Cs@137. Mouse testes
were locally irradiated using a Cs-i 37 source. Dur
ing irradiation each mouse was restrained in a small
plexiglass box to ensure proper placement of the
testes in the field. Dose rates of 200 rads/min and
38 rads/min were used (accuracy Â±3%).

Spenu-head counts. The number of sperm heads
[i.e., nuclei of elongated spermatids in steps 12â€”16
of development (2)] in the testes was determined

by counting in a hemacytometer or by Coulter count
ing. Testes, with the tunica albuginea intact unless
otherwise stated, were weighed and then homoge
nized in 4 ml of deionized water using a Polytron ho
mogenizer. For Coulter counting, 1 ml of 5 % Triton
x-i00 was added to solubilize debris further. The
sample was then sonicated for 60 sec, as described
previously (2), to disintegrate all cells and organelles
except for the elongated spermatid nuclei. When
Coulter counting was performed, the suspension was
filtered through an HC 10 Nitex nylon screen with
a 10-sm mesh opening.

In earlier experiments the tunica albuginea was
removed before weighing to avoid adding debris from
the tunica. A small but variable number of testis
cells, however, were removed with the tunica al
buginea. In later experiments, therefore, the tunica
was not removed.

The concentration of sperm heads was determined
in a hemacytometer viewed under a phase-contrast
microscope. Four Coulter counting, duplicate 20-
fold dilutions in Isoton were made with each sample.
The instrument was provided with an aperture 50

@min diam X 60 @mlong, and a Channelyzer II@.
The area under the sperm-head peak was integrated
electronically on the Channelyzer. The range of in
tegration spread from seven channels below to IS
channels above the distribution peak. This method
maximizes the counting of sperm heads in the in
cluded channels and excludes most background
caused by debris.

RESULTS

Tc-99m concentration in the testis. Uptake stud
ies for pertechnetate were performed. The percent
of injected activity per gram of testis at different
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FIG.1. Percentof injectedactivitypergramof mousetestis
after intravenous [â€˜Â°@Tc]p.rtechnetate. For each point, corrections
for physical decay have been made. Each point shows mean and
range for between three and ten mice. Data points were fitted by
two exponential components having slopes corresponding to biologic
half-times of about 5 and 32 hr.
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irradiation when the number of sperm reaches a
minimum, mice were killed at different times after
receiving 80 rads of radiation from Cs-i 37 (Fig. 2).
Testis weights declined to a minimum of 68% of
control then increased slowly. The sperm-head count
was more sensitive and reached a minimum level of
only 20% of control at 29 days after irradiation.
The recovery was still incomplete at the 45th day.

This kinetic study was performed using only one
dose of radiation. The kinetics of spermatogenesis,
however, are not altered by radiation doses of iOO
rads (5,6) . Therefore, the minimum sperm-head
count should occur at 29 days independent of radia
tion dose.

Sperm-head count as a function of gamma radio
lion. The response of the testis to Cs-i 37 radiation
was investigated by giving different doses and meas
uring sperm-head counts and the testis weights 29
days after radiation (Table 2) . The relative testis
weights, and number of sperm heads as a function of
control values for the two experiments, were aver
aged and are plotted in Fig. 3. No consistent changes
in testis weight were observed with doses up to 20

rads. At 40 rads there was a consistent decline in
testis weight, and at 60 and 80 rads the decline was
clearly significant. Statistically significant declines in
sperm-head count were routinely observed at doses
of 20 rads and above. By hemacytometer counting,
the dose corresponding to 50% survival (LD50) is
53 rads.

There are differences between the data obtained
by hemacytometer and Coulter counting. The pre
cision of the Coulter is greater, though the values
tend to be consistently higher because of the back
ground (debris) count. The amount of debris is

TABLE 1. CONCENTRATION OF [ODmTc]
PERTECHNETATEIN MOUSETESTISAFTER

INJECTION OF HIGH AND LOW AMOUNTS
OF ACTIVITY (PERCENT ACTIVITY PER GRAM

TESTIS Â± SE.)

30 mm 1.37Â±0.04 (8)' 1.35Â±0.03 (10)'
6 hr 0.58 Â±0.03 (7)' 0.67 Â±0.07 (6)'

S Number of mice used is given in parentheses.

times after injection was calculated (Fig. 1 ). The
maximum activity occurs at about 10 mm after in
jection and is I .43 % per gram of testis.

The percent uptake of the nuclide at the dose level
planned for future experiments was measured to see
if there were any differences in uptake at higher
activities (Table 1) . None was found.

Dose to testes from radiations of [o9mTc]pertech
netate. The dose to the testes from penetrating radia
tions was measured by thermoluminescent dosimeters
and the rad/mCi ratio was calculated for each
mouse. For the four Group 1 mice in which the
TLD remained inside the tunica vaginalis, the aver
age rad/mCi was 2.67 Â±0.06 s.c. For the second
group, in which the TLD was implanted under the
scrotal skin, the average rad/mCi ratio was 2. 10 Â±
0.05 s.c. The average figure for the first group was
27% higher than for the second group because the
TLDs were located more internally in the first group.
The 2.67 rad/mCi value was used in dose calcula
tions as the TLD was closer to the testes in Group 1.

The dose from nonpenetrating pertechnetate radi
ations was calculated from the uptake data and based
on the methods developed by the Medical Internal
Radiation Dose (MIRD) Committee of the Society
of Nuclear Medicine (3) . The dose was calculated
as follows: D = A @141/m,where D is the average

absorbed dose (rads), A is the cumulated activity
(pCi-hr),@ iS the equilibrium absorbed-dose con
stant (gram-rad/@.tCi-hr), 4@is the absorbed fraction,
and m is the mass of the target organ (g) . The cumu
lated activity was determined from the data of Fig. 1
to be I 0.0 PCi-hr/mCi of injected Tc-99m. The

@ for nonpenetrating radiations was 0.0362 (4)
and the average mass of two mouse testes was
0. 161 g. We thereby obtain a value of 2.25 rads/
mCi for the dose to the testes from nonpenetrating
radiations.

The total dose to a mouse's testes from 1 mCi
administered activity is therefore 4.92 rads.

Sperm-head count in testis as a function of time
after irradiation. In order to determine the time after
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FIG.2. Relativenumbersofspermheadsobtainedfromtestis
(lower curve) and testis weights (upper curve) at various times
after irradiation of testis with 80 rads of gamma radiation from
Cs-137. At various times, three irradiated and three control mice
were killed. Each point shows mean (as a fraction of control) and
range.
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Experiment A. Tunica albuginearemovedSperm

heads Sperm heads
x 10' X10-aDose

(rads)2

testes 2 testes
Testis Coulter hemo

weight (mg) counter cytometer
No. of (Mean (Mean (Mean
mice Â± s.c.) Â± s.c.) Â±s.c.)0

5
10
20
40
60
8015

131Â± 4 23.3Â±1.3 29.3Â±0.6
9 145Â± 9 23.7Â±0.3 25.9Â±1.7t
9 149Â± llt 23.8Â±0.4 30.3Â±2.5
9 142 Â± 18 20.0 Â± 1.5 24.3 Â±2.04
6 130Â± 4 18.2Â±O.7t 18.4Â±1.8$
6 110Â±20t 122Â±1.0$ 10.4Â±1.6$
6 101Â±16* 9.4Â±0.1*6.9Â±1.2*Experiment

B. With tunica albuginea
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entiated spermatogonia (Types A1, A2, A3, A4, In,
and B) . After irradiation of the testes, the various
cells progress with normal kinetics. Thus, by count
ing the sperm heads at various times, we are sam
pling the survival of a group of cells in a given
earlier stage. Since only the differentiated sperma
togonia are killed by 80 rads, we would not expect
to observe any drop in sperm counts until they be

came sperm. A decline to a minimum at about 28
days is predicted from the kinetics of spermatogene
sis in unirradiated mice (6) and the steps of sperma
lid development represented by the sperm heads (2).
These expectations are in agreement with the present
data. We find, however, an LD@()of 53 rads for the
overall survival of the differentiated spermatogonia
â€”a value much greater than those expected from
Oakberg's data (8) : 21 rads for In and B type
spermatogia and 33 rads for A type spermatogonia.
This difference in LD50 may be because we are sam
pling all phases of spermatogonial cell cycle in our
experiments, while Oakberg may have been looking
at limited parts of the cycle.

The advantage of using sperm-head assay is its
simplicity and sensitivity. The method is easier than
histologic counts (1,5,8) and is more sensitive than
testis weight. Testis weight ( 10) and DNA determi
nation (1 1 ) have disadvantages in that nongerminal
cells cannot be measured at higher doses.

It appears that the irradiation from pertechnetate
has a greater effect on the testicular cells than exter

nat gamma radiation. The number of sperm heads

TABLE 2. MEAN TESTIS WEIGHTS AND
SPERM-HEAD COUNTS, 29 DAYS AFTER

IRRADIATION, IN CONTROL AND
Cs-i 37-IRRADIATED MICE AT DIFFERENTDOSES'

0 15 190Â± 3 34.6Â±1.141.1Â±1.65
9 176Â± 6t 32.9Â± 1.5 40.0Â±1.610
9 176Â± 4t 29.1Â±1.5t34.3Â±2.3t20
9 184Â± 4 29.4Â±0.8t29.9Â±2.4$40
6 179Â± 2t 24.1Â±1.6*29.6Â±0.9*60
6 164Â± Sf 16.0Â±0.8*19.5Â±0.7$80
6 157Â± 3* 13.6Â±0.6f16.0Â±0.1*0

In each experiment five groups of three mice eachwereused

as controls;three groups of three mice eachreceived5,
10, and 20 rads; and three groups of two mice each re

ceived 40, 60, and 80rads.t

Significantlydifferent from controlat p <0.05.:$:
Significantly different from control at p < 0.01.

essentially the same at the various doses; therefore,
at high doses of radiation a higher proportion of the
Coulter counts result from debris (Fig. 4).

Sperm-head count as a function of injected activity
of [l)9mTc]pertechnetate. The effect of radiation from
injected pertechnetate on mouse testis was deter
mined by measuring testis weights and sperm-head
counts (Table 3, Figure 5) . Testis weights are sig
nificantly decreased (to 92% of control) after injec
tion of 5.76 mCi of the nuclide. The sperm-head
counts show more significant decreases, to 70â€”80%
of control values, after injection of either 5.20 mCi
or 5.76 mCi of Tc-99m pertechnetate.

DISCUSSION

In this study we have developed a new method
for rapidly and sensitively quantitating the effects of
radiation on spermatogenesis. We counted testicular
sperm heads rather than epididymal sperm, because
the latter is subject to hormonal perturbation (7).

The different cell types within the seminiferous
tubules have very different sensitivities to ionizing
radiation (8,9) , the most sensitive being the differ
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F1G.3. Testisweights,andrelativenumbersof spermheads
obtained from testis, 29 days after different doses of Cs-i 37 radia.
tion. Slight horizontal displacement of data points from their
original positions is for clarity. Each point shows mean and range
of the two experimentsreported in Table 2.
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First, there are possible sources of error in the
Tc-99m dosimetry studies. The dose to the testis
from penetrating radiations measured using TLDs
might underestimate the dose the testis gets from
contained Tc-99m. This underestimate of dose is at
most 0.16 rads per mCi of Tc-99m, as calculated
from the uptake data assuming a spherical testis,
which would add at most 3% more to our calculated
values of total dose to the testis. Moreover, the total
dose to testis from penetrating radiation may be
higher than that measured from TLDS located on
the surface of the testis. Such error is unlikely since
the TLDs were randomly placed on different sides

@â€”--@-.--- â€”@ of the testis and the standard deviation in the meas

urements is only 4%.
Second, the radiopharmaceuticalâ€”and hence the

dose from nonpenetrating radiationsâ€”may not be
evenly distributed in the mouse testis. The barriers
to penetration of Tc-99m to the spermatogenic cells
include the walls of the blood capillaries and the
myoid cells that surround the seminiferous tubules
(12). The nuclide would then be concentrated in the

interstitial spaces, and the cells on the periphery of
the seminiferous tubules, such as the spermatogonia,
would be receiving more radiation than expected.
The inhomogeneity is most important for the radia
tion from low-energy electrons, which have a range
of about 5 @min soft tissues. Another barrier is the
tight junctions connecting adjacent Sertoli cells (12).
The spermatogonia lie outside this barrier, which
possibly results in more radiation to spermatogonia.
In the case of another radiopharmaceutical, Pu-239
citrate, it has been reported that about 90% of the
radioactivity is distributed in the interstitial space of

0 20 40 60 80 00

No. ofActivity injectedCalculatedt
equivalent

doseTestis weight (mg)Sperm

heads X 10'

2 testes
Coulter counterSperm

heads X i0'

2 testes
hemocytometermice(mCi)(rads)(Mean

Â±s.c.)(Mean Â±se.)(Mean Â±s.c.)
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FIG.4. VolumedistributionofspermheadscountedonCoulter
counter. Horizontal bars indicate channels included in counts of
sperm heads. (A) Control group; (B) 29 days after 40 rads from
Cs-137; (C) 20 days after injection of 5.76 mCi of Tc-99m.

decreases to 70% of control after injection of 5.76
mCi of Tc-99m, which we calculate to deliver about
28 rads to the testes. To produce the same effect,
gamma radiation from Cs-I 37 must deliver 40 rads.
This discrepancy can be explained by several factors.

TABLE 3. MEAN TESTISWEIGHTS AND SPERM-HEADCOUNTS, AFTER 29 DAYS, IN CONTROL
AND Tc-99m-INJECTEDMICE'

18Control (uninjected)178.8 Â±1.330.9 Â±2.142.9 Â±OJ6Control
(injected with184.2 Â±4335.3 Â±0.7*40.8 Â±0.2Tc-99m

pertechn.tatedecayed
for 5days)61.698.3183.1

Â±0.932.6 Â±1.243.0 Â±2.462.6813.2184.2
Â±0.129.2 Â±2.840.5 Â±2.565.2025.6174.9
Â±1.124J Â±4.6531.1 Â±2.0595.7628.3164.3
Â±1.8522.0 Â±0.8529.6 Â±1.05â€”aThreegroupsoftwoorthreemiceeachwereusedforeachdosepoint;sixgroupsofthreemiceeachwereusedascon

trols; and two groups of three mice each were given decayed dose material 5 days old.
t 1mCi 4.92rads.
* Significantlydifferentfromcontrolat p ( 0.05.
SSignificantlydifferentfromcontrolat p < 0.01.
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FIG.5. Testisweights,andnumbers
of sperm heads obtained from testis, vs.
injected doses of [5a@Tc] pertechnetate.
Ordinates are calculated from Table 3 and
presented as a fraction of control values.
Slight horizontal displacement of data
points from their original positions is for
clarity. Each point represents mean and
standard error Of values.
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mouse testis, which results in increased radiation to

the spermatogonia (13).
A third factor is that the relative biologic effective

ness (RBE) of low-energy electrons ( 10 keV) is
about 2. Some 14% of the dose from nonpenetrating
radiations (6% of the total dose) comes from dee
trons with energies below 10 keV, thus possibly
enhancing the overall RBE by about 6%.

Other differences between the external gamma ra
diation and internal radiation are not expected to pro
duce different biologic effects. Furthermore, the ra
diation from Cs-I 37 was localized, whereas Tc-99m
was distributed throughout the body. There are no
significant differences to the testis, however, between

localized and total-body radiation (10). Moreover,
we do not expect any dose-rate effect, since a reduc
tion of the dose rate from 86 to 0.009 rads/min, with
total @doseof less than 300 rads, had no effect on
spermatogonial killing in the mouse (8) . The initial
dose rate after administration of 5.76 mCi of Tc-99m
was calculated to be 0. 12 rads/min, compared with
the Cs-137 dose-rates of 200 rads/min and 38 rads/
mm.

The data obtained from the mice can be used to
estimate the dose to human testis from 1 mCi of
intravenously administered [Â°Â°@Tc}pertechnetate.

The concentration of Tc-99m in the mouse testis is
only 43 % of the average concentration in the body,
and the biologic half-time of this radionuclide in the
mouse testis is about 5 hr. Assuming similarity, the
dose to human testis for a 70-kg man should be 0.9
mrad from nonpenetrating radiations (L@@ N.P. =
0.0362) and 0.3 mrad from penetrating radiations
(L@ict@i 0.01 25) for a testis weight of 38 g (3,4,15).

To calculate the dose from penetrating radiations
that the testis would get from other organs of the
body, we assumed a uniform distribution of the nu
elide throughout the body. According to reciprocity
theorem (3) , the dose to body from the i mCi of
radioactivity concentrated in the testis must equal
the dose to the testis from the same amount of radio
activity distributed throughout the body. In this cal

culation the biologic half-time of Tc-99m in the
hdman body was taken as 48 hr (16), so the effec
tive half-time is 5.33 hr. The 11P. (b @â€”t) equals
0. 1408 (4,15) . The calculated dose is then 1S.@
mrads. We must consider, however, that in the case
of the mouse, the actual measured values with ltD
were 2.4 times those calculated on the assumption
that the emitter was uniformly distributed through
out a cylinder-shaped body (17). Accordingly we
suspect that the above figure for dose to the human
testes from other organs of the body is an under
estimate, most likely because of greater concentra
tion of Tc-99m in nearby organs, such as the blad
der. With these qualifications, we calculate the total
dose to human testes to be 16.7 mrad from 1 mCi
of intravenously administered [99@'Tc]pertechnetate.
Our data compare well with a reported value of 10
mrad/mCi (18). Thus, 20 mCi used clinically will
give 20 x 16.7 = 334 mrad. This value must be
taken into account when evaluating the possible
harmful effects of diagnostic procedures that use
pertechnetate.

ACKNOWLEDGMENTS

The authors would like to thank I. Basic for helping per
form surgeries on mouse testis; to T. Konikowski for sug
gestions regarding the animal work; and to I. Sabrsula for
calibrating and helping use the TLD's for dosimetry work.
We also thank P. Trostle and B. Reid for helping in cx
perimental work.

This work was supported by grants CA-17364 and CA
06294 from NIH.

Portions of this work were originally presented at the
23rd Annual Meeting of the Southwestern Chapter of the
Society of Nuclear Medicine held in New Orleans, La.,
March 1976, and at the 24th Annual Meeting of the Radia
tion Research Society, held in San Francisco, Cal., June
1976.

FOOTNOTES

t EG&G 2010A ProgrammerTLD Reader,Goleta,Cal.
@ Model ZBI Counter, Coulter Electronics, Hialeah, Fla.

REFERENCES

1. OAKBERG EF: Gamma-ray sensitivity of spermatogonia
ofthemouse.IErp Zoo! 134:343â€”356,1957

Volume 18, Number 11 1121



MIAN, SUZUKI, GLENN, HAYNIE, AND MEISTRICH

2. MEisnucH ML, REm BO, BARCELLONA WJ: Changes
in sperm nuclei during spermiogenesis and epididymal matu
ration. Erp Cell Res 99 : 72â€”78,1976

3. LOEVINGER R, BERMAN M: A schema for absorbed
dose calculations for biologically distributed radionuclides.
MIRD Pamphlet No 1, 1 Nuc! Med 9: Suppi No 1, 7â€”14,
1968

4. DILLMANLT: Radionuclidedecayschemesand nuclear
parameters for use in radiation dose estimation. MIRD
Pamphlet No 4, 1 NucI Med 10: Suppi No 2, 7â€”32,1969

5. OAKBERG EF: Duration of spermatogenesis in the
mouse and timing of stages of the cycle of the seminiferous
epithelium.Am I Anat 99: 507â€”515,1956

6. CLERMONTY, TROTrM: Duration of the cycle of the
seminiferous epithelium in the mouse and hamster deter
mined by means of â€˜H-thymidineand radioautography. Fer
ti/Steril2O:805â€”817,1969

7. MEISTRICH ML, HUGHES TJ, BRUCE WR: Alteration
of epididymalsperm transport and maturation in mice by
oestrogen and testosterone. Nature 258 : 145â€”147,1975

8. OAKBERG EF: Radiation response of the testis. In
Progress in Endocrinology, Gual C, ed, Excerpta Medica
International Congress Series No I84, Amsterdam, Excerpta
Medica,1969,pp 1070â€”1076

9. OAK.BERGEF, DIMINNO RL: X-ray sensitivity of pri
mary spermatocytes of the mouse. mt I Radiat Biol 2: 196â€”
209,1960

10. KOHN HI, KALLMAN RF: Testes weight loss as a quan

titative measure of X-ray injury in the mouse, hamster and
rat.BrJRadiol27: 586â€”591,1954

11. GERACI JP, JACKSON KL, THROWER PD, et al: An
estimate of the patient risk in cyclotron neutron radiotherapy
using mouse testes as a biological test system. Health Phys
29:729â€”737,1975

12. DYM M, FAWCEi-F DW: The blood-testis barrier in
the rat and the physiological compartmentation of the semi
niferous epithelium. Biol Reprod 3 : 308â€”326,1970

13. GREEN D, HOWELLS GR, HUMPHREYS ER, et al:
Localisation of plutonium in mouse testes. Nature 255 : 77,
1975

14. TOBLEMAN V'TF, COLE A : Repair of sublethal damage
and oxygen enhancement ratio for low-voltage electron beam
irradiation. Radiat Res 60: 355â€”360,1974

15. SNYDER WS, FoRD MR, WARNER GG, et al: Estimates
of absorbed fractions for monoenergetic photon sources uni
formly distributed in various organs of a heterogeneous
phantom. MIRD Pamphlet No 5, 1 NucI Med 10: Suppl
No 3, 5â€”52,1969

16. HARPER PV, LATHROP KA, JIMINEz F, et al: Tech
netium 99m as a scanning agent. Radiology 85: 101â€”109,
1965

17. BUSHF: Energy absorption in radium therapy. Br I
Radio! 19: 14â€”21,1946

18. SMITh EM: Radiochemical purity, internal dosimetry
and calibration of Tcmm.I Nuci Med 5: 383, 1964 (Abst)

OF

January22,1978 Atlanta, GeorgIa

The Society of Nuclear Medicine is encouraging the developmentof its Councils by establish
ing a â€œCouncilDayâ€•to be held in conjunction with the Midwinter Meetingof the Boardof Trus
tees of the Society of Nuclear Medicine.

The Radiopharmaceutical Science Council will use this opportunity to establish an annual
meeting on general radiopharmaceutical science. Membersof the Council are encouraged to
submit papers pertaining to any aspect of radiopharmaceutical science. The Program Com
mittee will attempt to accept as many submitted papers as possible for this meeting, to encour
age wide participation.

CALL FOR ABSTRACTS

Abstracts must be typed and limited to less than 250 words. They should be headedby the
title ofthe paperandthe namesofthe authors,with the presentingauthor underlined. Namesand
addresses of the authors' institution(s) should also be included. Send the abstract and four
copies to:

ROY S. TILBURY, PH.D.
Memorial Sloan Kettering Cancer Center
1275York Avenue
New York, NY 10021

DEADLINE: NOVEMBER 15, 1977
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