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MELZER, P. Whole head sectioning in [3H] deoxyglucose mapping of auditory responses in gerbils. BRAIN RBS BULL
12(3) 331-334, 1984.-Stimulus-specific neuronal responses in the central auditory pathway of Psammomys obesus were
studied with deoxyglucose autoradiography. Responses were revealed mainly in the inferior colliculus. With whole head
sectioning and subsequent gentle freeze-drying, excellent structural preservation was achieved. With the use of doubletritiated deoxyglucose, Ultrofilm 3H and vacuum-contact exposure, a mean spatial resolution of 43 pm Full Width Half
Maximum was achieved.
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IN recent years, deoxyglucose (DG) autoradiography has
proven to be an efficient approach for assessing local cerebral metabolism and for mapping stimulus-specific responses
throughout the entire brain [ 131. In our laboratory, the technique has been employed to screen the central auditory
pathway of the gerbil Psammomys obesus for neuron populations responding to a tone frequency (tonotopic organization [ 11). In order to re-locate activated regions revealed with
autoradiography
in subsequent electrophysiological
recording experiments, precise localization of regions of increased
DG-uptake with minimum tissue deformation and shrinkage
is required. I here describe a method which meets these
requirements.

Tritium

Ultrofilm 3H

for 45 minutes. Thereafter, animals were decapitated. Their
heads were immediately embedded in carboxy-methyl
cellulose and deep-frozen onto cryostat stages in liquid nitrogen.
Twenty micron thick frontal sections were cut on a 450
MP cryo-microtome
(PMV) at -25”C, picked up on
“Tesaband
206” adhesive tape (Beiersdorf), and gently
freeze-dried in the microtome cabinet for 3 days. They were
then exposed to Ultrofilm 3H (LKB) in evacuated sealed
light-proof plastic bags (vacuum-contact-technique
[9]) at
-25°C for 4 weeks. After adjustment to room temperature,
film sheets were developed with a rapid X-ray fdm developer
(ADEFO-Chemie) for 1 minute, rinsed in deionized water for
1 minute, fixed with X-ray film fixative (Tetenal) for 3 minutes, and hardened in running tap water for 10 minutes. All
solutions were at room temperature. Since counterstaining
of sections on tape could not be achieved with sufficient
quality, autoradiographic
structures were specified in comparison with Nissl-stained paraffin section series. Spatial
resolution and optical densities were assessed with a microdensitometer
(Zeiss) based on a Polyvar microscope
(Reichert and Jung). It was set at three-fold magnification
and apertures ranging from 20x 50 pm for measuring spatial
resolution to 50x150 pm for measuring optical densities.
With this system, the autoradiogram area being measured
could be identified visually at every moment of the scanning
process. Gray levels of areas of interest were compared with
those of contralateral and surrounding tissue by Student’s

METHOD

Adult male sandrats, 8 to 12 weeks old, 127-277 g b.w.,
deprived of food for 24 hours prior to treatment, were
anesthetized with 3 to 3.5% enflurane (Ethrane, Ohio Medical Products) applied by mask (oxygen flow ca. 2 l/min).
Two animals served as non-stimulated
controls, and three
others were exposed to sound. Tone bursts were presented
unilaterally in the free field (repetition rate Ysec, burst duration 50 msec, rise and fall time 5 msec, frequency 2.5 kHz, 60
dB SPL). The right ear canal was occluded with a histoacrylate plug. Stimulation was begun simultaneously with intravenous injection of 2-[ 1,2-3H]-deoxy-D-glucose
(New England Nuclear) in saline (400 &i/100 g b.w.) and continued
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f-test (n=6); differences were taken to be significant with
p =O.Ol, and optical density ratios were calculated for those
cases. “Full Width Half Maximum” (FWHM)-values
were
determined directly from symmetric peaks in the densitometer readings. At sigmoidal optical density gradients, the distances between half-maxima and maxima were measured;
doubling these distances gave FWHM-values,
which could
be pooled with those calculated for symmetric peaks.
RESULTS

Strong neuronal responses occurred in the inferior colliculus (IC, Fig. 1). In its central nucleus (ICC), activated
fields of neurons shifted from dorsal to ventral with increasing tone frequencies. A detailed analysis of the effects of
varying tone frequency is reported elsewhere (P. Melzer,
submitted).
The spatial resolution achieved is demonstrated in Fig. 2.
The anesthetic significantly activated neurons in the stratum
granulosum
areae dentatae (HVsg) and the pyramidal
stratum CA3 throughout the hippocampus [IO]; the mean
optical density level in these layers was twice that of surrounding tissue. Microdensitometer
readings in the middle
region (dorsoventrally)
of HI/sg revealed a stratum image

FIG. 1. Partially enlarged autoradiogram of a frontal section from
the posterior region of the IC. Stimulated side is on the left. White
bar indicates 1000 pm. Note neuronal fields activated by the 2.5
kHz-stimulus in the ICC (white arrows). The contralateral wa\ I .3fold higher than the ipsilateral activation.

FIG. 2. Bright-field photomicrographs of an autoradiogram (A) and a cresylecht violet-stained
frontal paraI%in section (B) from corresponding regions of the hippocampus. Increased accumulation of label is indicated in H&g (arrows).

ULLBERG’S

TECHNIQUE

IN t3H] DG-STUDIES

EIG. 3. Four typical densitometer readings from the autoradiographic image of the region displayed in Fig. 2. Absorbance (in percent; ordinate) was drawn as function of lateromedial tracing distance (pm; abscissa). The coordinate system applies to each of the
curves, except that three of them have been displaced vertically. In
each case, the peak is an absorption of 100%. The portions of the
curves between the arrows correspond to HVsg as judged visually
during tracing. The slopes in that area range from 30 to 50 pm.

FIG. 4. Photomicrographs of frontal autoradiograms of a stimulated
(A) and an unstimulated animal (B). Only the side contralateral to
the sound. source is displayed. Scale bar in A: 1000 pm. Bands of
slightly increased DG-uptake in the cortex of the stimulated animal
(arrows) correspond to layers II to IV and deep V.

FWHM of 70 @rn and a mean FWHM for each border of 40
pm (Fig. 3). In this region, actual stratum width ranges between 40 and 60 km (measured in frontal Nissl-stained
pa&En sections and shrinkage corrected with a factor of
1.2), i.e. image blurring of only about 2&30 pm occurred
here. Generally, a FWHM-mean of 43 pm (8 measurements
per autoradiogram; S.D.=28.%)
was registered at sharplyedged structure discontinuities (for example gray/white matter boundaries in the cerebellum.
Activity
discrimination
is demonstrated
in Fig. 4.
Stimulus-specific activation was revealed in layers II to IV
and deep V of both cortical hemispheres. Their activity increase was only l&fold above adjacent areas, but it was
significant (p=O.Ol; 10 measurements
per autoradiogram).

responding
to acoustic stimuli, has been *observed in
anesthetized cats [ 111, conscious rats 171, and &other gerbilline species [12]. It is well consistent with the laminar tonotopic organization of that nucleus [ 11. The pattern of cortical layer activation corresponds to findings in the conscious
cat [8]. However, the boundaries of the auditory cortices
could not be defined.
The tissue processing technique used was originally developed for macroautoradiography
[ 141. Whole head sectioning provided excellent tissue preservation
and negligible
shrinkage. The drying step seems to be the most crucial for
spatial resolution in DG-autoradiography
[5], and gentle
freeze-drying
considerably
minimized
tracer diffusion.
Tritiated DG and UltrolYm SH definitely added further to the
improvement of spatial resolution [2,4]. By combining these
approaches, we managed to achieve a spatial resolution well
beyond the 100 pm of [*4C]DG-autoradiography 161and close
to the resolution limit demonstrated
in bar phantom studies

DISCUSSION

The demonstration

of bilateral activity bands in the ICC,
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with [“H]DG and Ultrofilm :%H[5]. A complication arises
because of the low energy of “H beta particles, which leads
to differences in self-absorption between white and gray matter [2]: but since the slopes of the tracer concentration/optical density functions for white and gray matter are
very much alike [2]. the higher absorption of radiation in
white matter can be corrected. In any case, differential absorption would not affect the FWHM values. In contrast to
techniques designed to reach even a cellular level of resolution [3], the method described here maintains the advantages
of foil film contact autoradiography,
i.e. the opportunity of

exposing large numbers of low dose serial sections
sonable expense of time and money.

at tea-
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