High-Resolution Autoradiography of
Diffusible Substances

General interest in the use of and the
recognized need for appropriate and
reliable techniques in autoradiography
led to the organization of an inter-
national conference which was held at
the University of Chicago, Center for
Continuing Education, 2—4 June 1968.
Approximately 250 scientists attended
the meeting.

The conference covered problems

related to autoradiography as well as .

problems related to tissue preparation.
Freezing and thawing, freeze-drying,
low-temperature tissue cutting, and
maintenance of enzymatic activity were
discussed in detail. It was probably not
by chance that this conference—the
first of its kind—was initiated and
organized by pharmacologists, for they
are concerned with the localization of
drugs in tissue cells and subcellular
components. Most drugs and hormones
are not incorporated into larger mol-
ecules but interact by reversible binding
or even remain unbound; it is for this
reason that, to date, only few creditable
studies and little information about drug
localization have been reported. Al-
though centrifugal fractionation may be
useful for bound substances, the use of
liquid phases and disruption of cell
structure may lead inevitably to trans-
location artifacts. Autoradiography has
the advantage of making visible simul-
taneously the tissue structure and the
site of the radioactively labeled com-
pounds. This potential, however, can be
utilized only if, during histologic tissue
preparation as well as during tissue
mounting, diffusion and loss of the label
are avoided. It is mainly because of this
obstacle that the potential of autoradi-
ography has not been fully realized
and, alas, a considerable number of
artifactual and misleading data have
been published. Increasing awareness
of the difficulties in the technique have
led many investigators to make serious
efforts to develop more valid proce-
dures. Many methods proposed for the
study of diffusible compounds have
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been unsuitable since they did not, in
fact, exclude the possibilities of trans-
location and extraction of the labeled
compound. Frequently, technical steps
were retained in spite of the obvious
potential to produce artifacts; further-
more, histologic quality and autoradio-
graphic resolution often remained un-
satisfactory.

It was the purpose of the interna-
tional conference on high-resolution
autoradiography to (i) critically ap-
praise the present state of the art;
(ii) elucidate the deleterious effects of
the various technical steps used in the
histologic preparation of the autoradio-
gram such as fixation, clearing, embed-
ding, cutting, and thawing; and (iii)
provide guidelines for future develop-
ment of techniques suitable for light-
microscope as well as electron-micro-
scope autoradiography, that is, to set
stringent prerequisites which should be
observed in the development and evalu-
ation of new methods and the data de-
rived from them.

Chauncey D. Leake (San Francisco)
discussed the pioneering work of Hamil-
ton, Soley, and Eichorn in 1940 on dep-
osition of radioactive iodine in human
thyroid tissue, in which he participated.
L. J. Roth (Chicago) outlined his own
efforts to utilize autoradiography in
pharmacology and to promote the de-
velopment of valid techniques. The
mystique of the term “fixative” in tissue
preparation was attacked and the less
misleading expression “denaturing sol-

vent” was proposed since liquid fixation,.

frequently assumed to be necessary as
well as innocuous, is known to be asso-
ciated with loss of exogenously applied
compounds and of micro- and macro-
molecular tissue constituents. In this
connection T. Peters, Jr. (New York)
discussed artificial binding of amino
acids during fixation with formalde-
hyde or glutaraldehyde. Autoradiog-
raphy with compounds known to be
incorporated into RNA, DNA, or pro-

tein, as was outlined by W. Maurer °

(West Germany), has numerous pit-
falls. Tissue self-absorption and varia-
tions in the incorporation rate may

give misleading results especially in the
quantitation of such autoradiograms.
S. R. Pelc (London) reviewed his lab-
oratory experiments and discussed au-
toradiographic data and resolution. He

. used the technique for soluble com-

pounds worked out by T. C. Appleton
(London).

An autoradiogram may be invali-
dated not only by positive artifacts,
that is, silver grain appearance at the
wrong place, but also by negative
chemography, a phenomenon studied
by A. W. Rogers (Oxford) and P. N.
John (Ujjain, India). Disappearance
or fading of the latent image was ob-
served most extensively with proce-
dures which involved mounting of un-
dried tissue or emulsion, which, as S.
Holt (London) remarked, may be re-
lated to enzymatic digestion of the
gelatin in the photographic emulsion.
Various methods were reported for the
localization of labeled inhibitors at mo-
tor end plates (P. Waser, Zurich), the
metabolism of iodide ion in the thyroid
(N. J. Nadler, Montreal), and the
localization of iodine-125 hippuran in
the kidney (R. P. Wedeen, New York).
H. Eckert (Basle) reviewed various
technical approaches to the localization
of drugs at light- and electron-micro-
scopic resolution. Several papers dealt
with the localization of labeled steroid
hormones such as testosterone (H. Levi,
Copenhagen), aldosterone (R. Bogo-
roch, San Francisco), and estradiol (E.
V. Jensen et al., Chicago). The value
of a dual technical approach in com-
bining centrifugal fractionation and
high-resolution autoradiography was
demonstrated for the establishment of
a two-step mechanism for the interac-
tion of estradiol with the uterus of the
rat. The method of dry mounting of
freeze-dried sections was presented by
W. E. Stumpf (Chicago), and its ef-
ficacy was demonstrated. Dry mounting
of freeze-dried sections excludes all
known sources of diffusion, such as
liquid fixation, embedding, clearing,
thawing, and wet-tissue and wet-film
mounting. The method is based on low-
temperature tissue preparation with cry-
ostatic sectioning at —60°C or below
and freeze-drying at dry ice tempera-
tures. D. A. Brown et al. (London), us-
ing the same technique, reported on the
localization of the extracellular space
indicators 3H inulin, 3H mannitol, and
35S-sulfate. The use of freeze-dried sec-
tions for quantitative biochemical anal-
ysis—as developed by O. Lowry—was
demonstrated in two papers presented
by G. M. Lehrer (New York) and
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A. M. Burt (Nashville). Plant tissue
was found more difficult to prepare than
animal tissue. The prevention of virus
redistribution in plant cells during the
preparation for autoradiography was
discussed by D. E. Schlegel (Berkeley)
and W. G. Langenberg (Lincoln). The
superiority of section freeze-substitution
in the preservation of certain enzyme
reactions compared to classical fixation
and embedding techniques was demon-
strated by J. P. Chang (Houston). Al-
though this method has been used for
the tissue preparation in autoradiog-
raphy, the application of an organic
solvent, albeit at low temperature,
may obviate its applicability in the
autoradiography of diffusible com-
pounds. The implications of freezing
and thawing for maintaining tissue
structure and viability were discussed
in two papers by H. T. Meryman
(Bethesda) and B. F. Trump (Durham).
It was emphasized that ice crystal dis-
ruption and cryosmosis probably can-
not be eliminated but may be mini-
mized by rapid freezing and mainte-
nance of low or ultralow temperatures
during tissue preparation. Preliminary
data on the utilization of low-tempera-
ture tissue cutting for electron-micro-
scopic autoradiography were shown by
T. C. Appleton (London) with a cry-
ostat microtome and by A. K. Christen-
sen (Stanford) with a freezing micro-
tome. The subcellular morphology in
the presented photomicrograms ap-
peared different from those obtained
by classical fixation and embedding
procedures. Considerable improvement
of technique will be needed, however,
before judgments on authenticity can
be made and classical pictures are chal-
lenged. Electron-microscope autoradi-
ography of diffusible compounds will
have to await the perfection of low-
temperature tissue preparation and, as
S. Ullberg (Stockholm) pointed out,
the present situation is such that it
is still not realizable but promising, as
he stated 4 years ago at the confer-
ence on Isotopes in Pharmacology held
at the University of Chicago, Center
for Continuing Education, June 1964.
That such hope is justified was elo-
quently demonstrated by M. M. Sal-
peter (Ithaca) who provided models
for a quantitative approach to the eval-
uation of resolution and sensitivity
based on progress made in EMAR with
classical preparative techniques.
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