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PREFACE

Man has always been interested in the structure of the world around him, because
he is a visually oriented animal. Science had its roots in philosophy, and the philoso-
phers examined structure and inferred function. With the invention of the light micro-
scope we realized that living things are made of cells, and we attempted to infer the
function of structures within those cells. However, the limits of light microscopic op-
tics to resolve detail were reached in the twentieth century with computerized lens de-
signs. The smallest detail that could be discerned with the best of these glass optics is
about 0.2 u, much larger than many cellular components, and scientists had to, again,
become philosophical as to what some of the subcellular organelles really were.

With the discovery that an electron beam could be used to image the fine structure
of cells and other substances, the world of biology has been turned upside down and
inside out, illuminating to a fascinated population the fact that a microcosm exists
within us all.

Although we have reached the limits of resolution in electron microscopes, the ap-
plications of this elegant instrument have only begun to unfold. During the next dec-
ade, the use of analytical electron microscopy will provide information not just about
the structure of small cell and material components, but what types of atoms are there,
and, with a little luck, how many. The electron microscope will be a tool not for
anatomists alone, but for scientists of all disciplines; will not be simply a microscope,
but a microlaboratory.

Light microscopy is a powerful tool in biology, and electron microscopy may be the
most powerful. Techniques in specimen preparation and handling are probably more
important than technical skill on the instrument itself. Techniques abound across
hundreds of laboratories, yet, because journal space is so limited and costly, rarely do
we see an extensive materials and methods section in a published article. Most books
published on methodology simply review what has been done in everyone’s laboratory.
The purpose of the present series of volumes (three to begin with in 1981; more to
follow) is to describe, where possible, how a particular scientist — or group — does
things in their own laboratory. I did not limit the authors to a certain length of text
or a specific number of photographic illustrations. I asked for as much detail as pos-
sible including all the little “‘tricks’’ for success that usually get passed around locally
but never get published. I also asked for descriptions of artifacts, something present
in a sampling of material from each of our laboratories but difficult to get a scientist
to show, because, in microscopy, except for freeze fracture, they are usually not very
attractive.

Most of the material presented in the first three volumes is related to the Neurosci-
ences. This is due in part to the fact that I am a neuroscientist by training, but also,
to the explosion of brain research as a field.

Future volumes in this series will spread out into other techniques that span the
entire field of light and electron microscopy. I am extremely pleased with the contents
of the first three volumes and am proud to offer these published technical methods
representing many years of concentrated effort by microscopists.

John E. Johnson, Jr., PhD.
Baltimore, 1981
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2 Current Trends in Morphological Techniques

I. INTRODUCTION

A. Characteristics and Advantages of Whole Body Autoradiography

The pioneer of whole body autoradiography (WBAR) is Dr. Sven Ullberg, Depart-
ment of Toxicology, University of Uppsala, Sweden, and his co-workers who perfected
the methodology and delineated the useful applications of these procedures for use in
biologic research. Historically, WBAR was employed first by Ullberg in 1954' for lo-
calization studies of antibiotics in mice. The method has been subsequently refined by
Ullberg et al.?* as an effective tool for examining the distribution of many radioac-
tively labeled drugs, vitamins, and hormones. These carefully worked out methods,
reviewed by others,* ' have served as the standard for the majority of ensuing studies.

The growing interest in WBAR as a fundamental tool useful for toxicology and drug
screening has created a need for a comprehensive description of the basic technique.
Accordingly, the primary goal of this article is to provide a working technical guide
for the preparation and analysis of whole body autoradiograms. Additional detailed
descriptions of the WBAR method may be consulted.®'?

When comparing WBAR with alternative methods such as pulse counting from frag-
ments of dissected tissue the following special advantages may be cited:

1. In WBAR, the speed of freezing small experimental animals such as mice per-
mits the nearly instantanecous whole body autoradiographic localization of radio-
nuclides, with an interval as brief as 1 min post i.v. injection.

2. Frozen sections prepared by WBAR procedures help reduce artifacts in the com-
pleted autoradiograms by avoiding all contact between tissues and customary
histological fluids such as fixatives, dehydrating agents or decalcifying chemicals.

3 WBAR allows direct comparisons between localization of radioisotopes and un-
derlying structures examined simultaneously over the entire animal.

4.  WBAR is particularly valuable when tracing the precise disposition of substances
in the body whose metabolic fate cannot be accurately predicted.

5. Using tracer amounts of radionuclides, WBAR makes available both qualitative
and quantitative information on rates of compound absorption, metabolic trans-
formation and patterns of excretion as a function of time, dose, and route(s) of
administration.

6. Unthawed WBAR tissue sections cut from solid, frozen experimental animals
minimize compound diffusion from sites of localization, eliminates post-mortem
alterations and lessens the risk of tissue contamination.

7.  WBAR is a valuable tool when it is desirable to investigate distribution patterns
of radioactivity in pregnant animals, comparing maternal tissues to fetal struc-
tures such as placenta, yolk sac, and amniotic fluid.

8. Radionuclide distribution can be determined from whole body autoradiograms
in tissues and organs not easily accessible by routine dissection, such as ear tis-
sues, ganglia, pituitary, and adrenal medulla.

9. Employing WBAR, radioactivity content may be determined in body cavities,
organ ducts, blood, lymphatics, gastrointestinal lumina, and tissue fluids for di-
rect comparisons with radioactivity in adjacent organs and tissues.

II. DETAILS OF THE WHOLE BODY AUTORADIOGRAPHIC
METHOD

A. Isotopes and Labeled Compounds
The principle isotopes used in WBAR are '*C, *H, '**I, and **S which exploit the
property of 3 particle emission from the source to make visible silver grains in devel-



Table 1
PHYSICAL CHARACTERISTICS OF SOME
RADIOISOTOPES COMMONLY USED IN

WBARII.33
Maximum Average f3-
B-particle particle
energy energy
Radioisotope Half-life (keV) (MeV)
‘H 12.35 years 18.6 0.005
ug 57.30 years 156 0.05
g 87.4 days 167 0.055
*Ca 180 days 254 0.10
e 47 days 460 0.12
v 8 days 690 0.205
“p 145 days 1710 0.695

oped photographic emulsions. Additional radionuclides finding use include: **'l, “*Ca,
.!zp’ zzNa, syFe’ 57C0, MCO, GOCO, 203Hg’ mng, 'BF, “Br, SOMBr’ GJNi’ zospb‘ ”7CS, 7556,
857Zn, 5'Cr,, 2°*TI, '""®Au, **V, *°Sr, °°Sr, '**Ba, and ***Pu.® In making a choice of ra-
dioisotope, attention should be given to the characteristics of radiation energy. An
advantage with *H compounds is their high resolving power based on the short track
range of beta particles in the section and photographic emulsion, lessening the scatter
of silver grains around the source in the completed autoradiogram. Moreover, *H-
labeled organic compounds of biologic interest are readily available with high specific
activities and are relatively economical. A major disadvantage, however, arises in using
*H with respect to doses 50 to 100 times larger than "*C compounds which are required
to produce satisfactory autoradiograms with sections of 20 yum dimension applied to
standard industrial type X-ray films. This condition is explained by the f emission
energy property of *H determined at 18.6 keV (mean particle track length about 2.5
um) compared to 156 keV for "“C (mean particle track length about 100 um).'"" The
extremely low efficiency for tritium can be accounted for by the relatively short range
of Bemission, possible air gaps developing between section and emulsion, and the
obstruction offered by the 0.5 to 1.0 um thick gelatin antiabrasion coating deposited
on X-ray films. A newly developed and relatively costly *H-sensitive film has been
made commercially available which lacks an antiabrasion coat and increases the effi-
ciency of *H registration, mainly overcoming the disadvantages of using *H for ma-
croautoradiography.'? For general WBAR applications, however, the high efficiency
and low dose requirements weigh in favor of use of '*C-labeled substances. A suitable
replacement for '*C is **S whose E,., of f emission = 167 keV is nearly identical to
the *C value (see Table 1). The short half-life of **S (87.4 days) is a factor, however,
which may limit its use under certain conditions. In general terms, factors to consider
in establishing the optimal dose of labeled substance under investigation include: chem-
ical nature of the nuclide, specific activity, relative compound toxicity, absorption ef-
ficiency, route of administration, and properties of the film emulsion. There is a dis-
tinct advantage to include, where possible, two differently labeled nuclides of the same
substance, enabling the evaluation of position in the molecule of the radioactive
atom(s) as it may be affected by metabolic cleavage of the molecule in the organism.
A useful working reference standard in our laboratory is the administration of 0.20 to
0.25 uCi/g of "*C-compounds when routine 20 to 30 um sections are exposed against
industrial-type X-ray films for a period of 2 to 3 weeks. Under similar experimental
conditions the required dose of **S is 0.20 to 0.50 uCi/g body weight.
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FIGURE 1. Freeze mounting frame assembled.

FIGURE 2. Components of mounting frame.

FIGURE 3. Lightly anesthetized rat prior to
immersion in freezing mixture (liquid N).

B. Routes of Administration for Labeled Compounds

Depending on the metabolism and position of the label within the compound being
studied radioisotopes may be introduced orally, subcutaneously, topical cutaneously,
intramuscularly, or by intraperitoneal or intravenous injection.

Administration of label by the intravenous route leads to rapid body localization of
radioisotopes and makes possible instantaneous uptake studies. Concentration gra-
dients from depot sites are not present with i.v. injection, a condition which increases
the accuracy of quantitation of radioactivity in autoradiograms.



A detailed procedure for i.v. injection of rodents has been presented by Ullberg.*
The basic steps may be summarized as follows:

1. Place mouse or rat in a clear plastic cage with a hole provided for the tail, allow-
ing visualization of the animal.
2. Cage dimensions are made sufficiently large to permit the animal some degree

of body motion during injection, thereby avoiding undue stress associated with
body restraint.

3.  An injection needle, mounted on a disposable tuberculin syringe, is divided in
two segments near the cone and the resulting parts of the needle are then con-
nected by a length of clear polyethylene tubing.

4. The needle tip is inserted in the tail vein and a volume of about 0.2 m/{ fluid, for
an adult mouse, is injected under observation in the polyethylene tubing.

5.  Nonwatersoluble compounds may be injected as a suspension using phospholipid
as emulsifier'® or in solution with small amounts of dimethyl sulfoxide (0.02 m{
for an adult mouse).

For administration of labeled substances by the oral route a small flexible tube at-
tached to syringe may be employed with animals rendered quiescent by light anesthesia
to reduce compound loss by sudden body movements. In long term experiments it is
advisable to maintain animals in screen-bottomed cages which allow feces and urine
to drop through, preventing coprophagy. Reingestion of radioactive materials in waste
may lead to inaccurate interpretations of completed autoradiograms.

C. Freezing and Mounting of Specimens
The routine procedures are as follows:

1. Animals are customarily anesthetized with chloroform or ether, although our
experience has shown that ethrane (Enflurane®) may be superior to both of these
agents for the reasons that animals appear to be less traumatized with Enflur-
ane® and explosive urination does not occur with this agent.

2. To freeze animals, a suitable microtome stage (4 cm x 12 cm for mice; 7.5 ¢cm X
15 ¢m for rats) is surrounded by a rustproof metal frame with removable sides;
the surface of the mounting stage is provided with elevated ridges or prongs in
order to firmly grip the bottom surface of the frozen blocked animal (see Figures
1 and 2).

3.  Toallow for some flexibility with large or oddly shaped animals, cardboard walls
taped to the bottom of object holders form convenient boats for carboxymethyl
cellulose (CMC) gel mounting.

4. A stock solution of 50 g CMC per liter of cold water is prepared, kept at 4°C
overnight to facilitate solution, and is stirred gently before use to insure an ho-
mogeneous solution.

5. The lower portion of the metal or cardboard enclosed stage is filled with the cold
viscous CMC mixture, the animal is positioned as desired and the preparation is
lowered into the freezing mixture long enough to permit substantial solidification
to occur (see Figures 3 to 6).

6. Additional CMC gel is poured in until the animal is covered and a glass rod is
used to dislodge bubbles (see Figure 7).
7. The entire unit comprising animal in CMC gel enclosed by retaining frame is

then slowly lowered with tongs (to prevent cracking open of specimens) into a
choice of several freezing mixtures: aromatic hydrocarbon-free hexane or acetone
and dry ice, isopentane cooled with liquid nitrogen or liquid nitrogen alone.
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FIGURE 4. The animal remains in the freezing
mixture until completely frozen, usually 3 to 5
min for a 100 g rat.
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FIGURE 5. To facilitate the firmness of
mounting in CMC gel, animals may have hair re-
moved at liquid N temperature with a stiff wire
brush.

FIGURE 6. In the initial mounting step, a shal-
low layer of CMC gel is poured into the pre-
cooled frame and the frozen animal is held in the
desired position until the gel freezes.



