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Autoradiographic Image Intensification: Applications in

Medical Radiography

.

Abstract. The image of an 80 to 90 percen} underexposed medical radiograph can
be increased to readable density and contrast by autoradiographic image intensi-
fication. The technique consists of combining the image silver of the radiograph with
a radioactive compound, thiourea labeled with sulfur-35, and then making an auto-

radiograph from the activated negative.

Minimizing the x-ray dose received by
patients during medical examinations
and maximizing the quality of the radio-
graphs are subjects of current concern to
both the medical profession and the pub-
lic (/). Some conflict is inherent in the
two objectives because higher-quality ra-
diographs—that is, those which convey
more information to the physician—usu-
ally require higher exposure levels. Re-
cent gains in quality or exposure reduc-
tion, or both, are due to developments
such as computer processing, electro-
static imaging systems, improvements
in intensifying screens, and scatter rejec-
tion techniques (2). The experiments re-
ported here indicate that additional ex-
posure reductions or quality increases
are possible with postdevelopment

autoradiographic image intensification.

Radiographs which are normally clas-
sified as ‘‘badly underexposed’’ actually
contain most of the information which
was intended to be recorded by the origi-
nal exposure. Autoradiographic inten-
sification effectively retrieves this in-
formation by increasing the image den-
sity and contrast to readable levels. The
intensification occurs on an autoradio-
graph made from the underexposed film
after the original image silver has been
chemically combined with a radioactive
isotope (3). While the theory of autora-
diographic intensification has been
known for many years (4), the possibility
of its widespread application has recent-
ly been realized through the develop-
ment at the Marshall Space Flight Center
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of a simple, efficient radiochemical tech-
nique employing thiourea labeled with
sulfur-35 (5). Although the procedure
was developed for use in astronomical
research, some of the most valuable ap-
plications may be in the field of medical
radiography (6). These include reduction
of the x-ray dose, since underexposed
radiographs can be intensified after de-
velopment; elimination of retakes neces-
sitated by accidental underexposure; and
maximum use of exposures with a high
detective quantum efficiency (DQE),
such as those made with scatter rejection
devices, which can cause underexpo-
sures (2, 7).

With the cooperation of scientists
from Vanderbilt University Hospital, we
determined the range of underexposures
which can be adequately intensified by
autoradiography. We found that, in gen-
eral, radiographs underexposed by as
much as 80 to 90 percent produce auto-
radiographs which compare favorably
with optimum exposures. Some of the
radiographs used for this research were
inadvertently underexposed in routine
clinical situations, and others were delib-
erately underexposed.

The underexposure limit for a com-
monly used film-screen system, DuPont
Lo-Dose (single-coated film), was deter-
mined from experiments with radio-
graphs of the abdominal area of an ana-
tomical phantom. An optimum-exposure
radiograph was made at 120 kV and 450
mA-sec. Underexposures were made
(with no change in tube voltage or sub-
ject distance) at 100, 50, and 20 mA-sec
(that is, underexposures of 78, 89, and 96
percent). Autoradiographs of the under-
exposed film were made and compared
with the normal-exposure radiograph.
The contrast and visible detail on the
autoradiographs made from the 78 and 89
percent underexposures were about the
same as on the normal radiograph. Fig-
ure 1 shows optimum paper prints (§) of
the normal exposure radiograph, the 89
percent underexposure radiograph, and
the autoradiograph of the 89 percent un-
derexposure. The limiting case was the
96 percent underexposure; there was ab-
solutely no visible image on the radio-
graph, and while the autoradiograph pro-
duced an image, it was of unacceptably
poor quality. An example of accidental
underexposure with the same film-screen
system is shown in Fig. 2, where an un-
derexposed mammogram may be com-
pared with the corresponding autoradio-
graph. All autoradiographs were made
on Kodak industrial films with exposure
times of 2 to 12 hours (9).

The method of radioactivating radio-
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Fig. 1. Optimum prints of (a) a normally exposed radiograph, (b) an 89 percent underexposed radiograph, and (c) an autoradiograph made from

the underexposed radiograph.

graphs requires special attention because
of the physical nature of the films (rela-
tively heavy emulsion, often double-
coated). Successful intensification re-
quires an efficient reaction between the
photographic silver and the [**S]thiourea
(to form radioactive silver sulfide), and
this is accomplished by smoothly agitat-
ing the film while it is immersed in the
radioactive solution. We have found on-
ly one completely successful agitation
method for radiographs (10). The film is
placed inside a processing drum normal-
ly used for developing color prints, the
radioactive solution is added, and the
drum is continuously rotated. Com-
mercially available devices sold with the
drums accomplish this agitation auto-
matically and efficiently. Only one side
of the film is activated, and the auto-
radiograph reproduces only the activated
image. Significant intensification can be
achieved with the image from just one
side of a double-coated film, but the total
gain is a factor of 2 less than that ob-
tained with a single-coated film. When
deliberate underexposures are made,
single-coated film is usually chosen; but
even with double-coated film, autoradio-
graphic intensification can be useful for
avoiding retakes. We have found that it
does not matter which side of the double-
coated film is used for autoradiographs.

Autoradiographic intensification, as a
postdevelopment process, can be em-
ployed sequentially with other dose-re-
duction methods such as the use of in-
tensifying screens as in the experiments
reported here. The quality of radio-
graphs can be improved through the se-

10 FEBRUARY 1978

Fig. 2. Optimum prints of (a) an accidentally underexposed mammogram and (b) an autoradio-
graph made from the underexposed film.

quential use of postdevelopment in-
tensification with high-DQE exposures
such as those made with the scatter re-
jection techniques of Barnes et al. (7).
Radiographic quality can also be im-
proved when the exposure time is re-
duced because the possibility of patient
motion and subsequent image blurring is
reduced. In many cases, the sharpness of
the image will also be increased since a
smaller focal spot results from the lower
tube current.

In summary, an autoradiographic in-
tensification technique which can be

used on a routine basis has been devel-
oped, and its possible use with medical
radiographs is reported here. Good au-
toradiographic images can be obtained
even when the original radiograph has
been underexposed by 80 to 90 percent.
Possible applications for medical radiog-
raphy include optimum use of high-DQE
techniques, reduction of x-ray dose, and
rescue of accidentally underexposed ra-
diographs.

BARBARA S. ASKINS
Space Sciences Laboratory, Marshall
Space Flight Center, Alabama 35812
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Fasting Decreases Triiodothyronine Receptor Capacity

Abstract. Fasting decreases the ratio of hepatic nuclear to serum triiodothyronine
(Ts) by diminishing the binding capacity of nuclear Tsreceptors. In combination with
the lower serum T, concentration caused by fasting, the decrease in receptor content
results in a marked decrease in nuclear Tyreceptor complexes. The changes in T,
receptor content and circulating T, in fasted animals appear to be independent syn-
ergistic adaptations for caloric conservation in the fasted state. Unlike changes in
hormonal level, the modification of nuclear receptor content provides a mechanism
that may protect cells with a low caloric reserve independently of the metabolic stat-

us of the whole animal.

Fasting decreases the serum concen-
tration of 3,5,3'-triiodothyronine (T,),
concomitantly increasing the concentra-
tion of 3,3'5'-triiodothyronine (reverse
T,) (). The latter has little or no calori-
genic activity (2). The reduction in serum
T is probably a mechanism for caloric
conservation in the fasted state. How-
ever it is the Ts-receptor complex rather
than T, itself that is required for a hor-
monal effect, and a decreased concentra-
tion of serum T; does not necessarily im-
ply fewer T,-receptor complexes. The
number of such complexes is determined
both by the concentration of T, available
for binding and the number and associa-
tion constants of T, receptors. Several
hormones diminish the concentrations of
their own receptors (down regulation),
thus tending to neutralize the biological
effects of sustained changes in their con-
centration (3). This may also be true of
T;. Down regulation of the pituitary nu-

clear T; receptor by exposure to T; has
recently been reported ). Of several
putative T, receptors (and sites of ac-
tion), the nuclear receptor is the best
characterized and thus far is the only re-
ceptor for which a clear correlation be-
tween occupancy and biological action
has been established (5-7). The purpose
of the present study was to determine
whether fasting affects the nuclear T; re-
ceptor. We report that fasting decreases
the ratio of hepatic nuclear T; to serum
T, by decreasing the nuclear content of
T; receptors.

Female Sprague-Dawley rats weighing
between 150 and 250 g were used. Rats
of similar weight were paired and placed
in individual cages with free access to
water. Food was withheld from one of
the pair. For studies of nuclear T; uptake
in vivo, ['®I]T; in dilute rat serum was
injected into the femoral artery. This
procedure and subsequent exsanguina-

Table 1. Effects of a 5-day fast on the nuclear/serum I ratio after injection of [**I]tri-

iodothyronine.
Control Fasted
Measure N cats rats Pt

Weight change (g) 6 +21.7 £ 6.6* -75.8 = 17.1 <.001
Serum Tj (ng/dl) S 48.2 =+ 10.0 244 =+ 13.7 <.025
Liver weight (g) 6 98 = 1.3 55 = 0.9 <.01
Liver DNA (mg/g) 6 0.97 = 0.10 20 = 0.28 <.001
Nuclear/serum '2%] )

(cpm/ug DNA)/(cpm/ul serum) 6 0.94 = 0.11 0.65+ 0.18 <.005
*Mean + S.D. tPaired t-test.
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tion through the abdominal aorta were
carried out under light ether anesthesia.
The rats were exsanguinated 30 minutes
after injection. This is sufficient time for
T, to equilibrate with rat nuclei 8). The
livers were removed and chilled on ice.
All subsequent procedures were carried
out at 0° to 4°C. A weighed portion of
liver, dissected free of fibrous tissue,
was homogenized in ten volumes of
0.25M sucrose in 20 mM tris buffer, pH
7.85, containing 1 mM MgCl,. The ho-
mogenate was centrifuged for 10 minutes
at 600g and the pellet resuspended by
gentle homogenization with 0.5 percent
Triton X-100 in the sucrose solution. The
Triton treatment was repeated once
more and the final pellet was washed and
resuspended in sucrose. Portions of the
nuclear suspension were taken to deter-
mine radioactivity as well as DNA (9).
The portion taken for determination of
radioactive content was counted in an
automatic well-type gamma scintillation
counter without further preparation. For
determination of DNA, a separate por-
tion of the nuclei was washed three times
in tris buffer to remove sucrose. The
DNA was measured by the method of
Ceriotti (10). The solubilized T; receptor
was extracted from nuclei by the method
of Samuels ef al. (I1). Total serum T,
was determined by solid phase immuno-
assay (I2) of unprecipitated serum.
Serum portions were precipitated with
10 percent trichloroacetic acid before
counting to separate ['*’I]T; from
['**T]iodide.

Triiodothyronine binding studies were
carried out in vitro by incubating the nu-
clear extract with tracer quantities of
['I]T; and separating bound from free
T, with dextran-coated charcoal (13).
The charcoal was prepared by mixing
300 mg of Norit-A and 30 mg of dextran-
15 in 100 ml of 0.4M KCl in sucrose buf-
fer, pH 7.85. A 0.5-ml portion of extract
containing ['#*I]T; was added to 1 ml of
dextran-charcoal in an ice bath, vor-
texed, and allowed to stand for 15 min-
utes. The charcoal was separated by cen-
trifugation and the decanted supernatant
and charcoal were counted in a gamma
scintillation counter to determine bound
and free ['*°I]T;.

Rats fasted for 5 days remained active
and appeared to be in good condition.
The results of the experiments in vivo
are summarized in Table 1. With fasting,

“serum T; concentrations decreased on

the average by about 50 percent. Liver
weights decreased with a relative con-
servation of DNA so that the DNA/liver
weight ratio increased proportionately.
The ratio of hepatic nuclear to serum
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