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Background

The Metabolic Autoradiography Module is designed to facilitate
measuresment of the regional biochemical and physiological characteristics of
brain metabolic function in experimental animals. These regional
charactersitics can be measured in experimental conditions of altered
physiological states as well as pathological conditions.

Functional metabolic equations are incorporated for the regional mapping of
glucose utilization, cerebral blood flow, and protein synthesis. The constants
in these equations are modified by the investigator to match the experimental
conditions.

Metabolic Mapping

The procedure for obtaining information on metabolic activity in the brains of
animals involves giving radioactively tagged biochemicals to live animals that
have a particular behavior or drug status. Arterial blood samples will then be
taken at regular intervals and plasma or blood concentrations of the test
molecule (and endogenous substrate, for protein synthesis and glucose
utilization) are measured by beta liquid scintillation, or gamma spectroscopy,
with corrections for quenching and isotope decay when necessary. Sections
of the brain are prepared for exposure to autoradiographic film along with the
appropriate standards. Films are scanned or digitized and local tissue
radioactivity is measured by quantitative autoradiography methods.

The table below lists the metabolic measurement included in the Inquiry
Metabolic Autoradiography Module and shows the test substance and
substrates to be measured in the plasma or blood for the calculation of
plasma integrals.

Metabolic
Measurement

Test Substance Substrate

Glucose Utilization 2-Deoxy-D-[14C]-
Glucose

Glucose

Blood Flow Iodo[14C]antipyrine

Protein Synthesis L-leucine[1-14C] Leucine

Table 1, Metabolic Mapping Studies and their Test Substances
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Glucose Utilization

The 2-DeoxyGlucose technique is used to quantitatively determine the rates
of glucose utilization in the structural and functional components of the brain
of conscious and anesthetized laboratory animals. Figure 1 shows the outline
of a glucose utilization experiment.

2-Deoxy-D-[14C]-Glucose is a labeled analog of glucose. It is metabolized
through part of the pathway of glucose metabolism at a definable rate relative
to that of glucose. Its product, [14C]deoxyglucose-6-phosphate, is essentially
trapped in the tissues for the duration of the experiment.

In Inquiry, the films are scanned or digitized into the computer and optical
density values are converted to nCi/gm equivalents by calibrating to the
autoradiographic standards on the film. The Metabolic Autoradiography
Module then uses these values, along with the rate constants, lumped
constant and plasma glucose values, in the Sokoloff equation to calculate
final local cerebral glucose utilization values as expressed in µmol/100g/min.
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2-Deoxy-D-[14C ]-Glucose

20 µ Sections and 
14C Standards

Measure plasma/blood
concentrations of 2-Deoxy-
D-[14C ]-Glucose(Cp*) and
endogenous substrate,
glucose (Cp)
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Cerebral Blood Flow Analysis

Autoradiographic methods of local cerebral blood flow provide a spatial
distribution of blood flow throughout a cross-section. The method of
Sakurada, et al (1978), allows for the quantitative analysis of cerebral blood
flow autoradiograms using the inert tracer iodo[14C]antipyrine. Figure 2 shows
the outline of a cerebral blood flow experiment.

The tracer, iodo[14C]antipyrine, is chosen due to its high lipid solvent/water
partition coefficient and a uniform brain/blood equilibrium partition coefficient
throughout the brain.

In Inquiry, optical density values are initially converted to nCi/gm equivalents
by calibrating to the autoradiographic standards on the film. The Metabolic
Autoradiography Module then uses these values, along with the tissue:blood
partition coefficient, and other constants, in the Sakurada equation to obtain
regional blood flow values as expressed in ml/100g/min.
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Iodo[14C ]antipyrine

20 µ Sections and 
14C Standards
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Metabolic Autoradiography Work Session

Acquire
Calibrate

Radioactivity

Calculate
Plasma
Curves

Sample Tissue
Sections Report

Digitize Films
of Brain
Sections

Import Images
Scanned
From Films

Measure
Standards. Fit OD
to radioactivity
units

Convert Pixels
to Spatial Units
(Area / Length).

Link Images with
radioactivity curve
fit and spatial
conversion.

Input Plasma
Data asa
function of
withdrawal time

Convert
Radioactivity units
to metabolic units:
Glucose
Utilization,
CerebralBlood
Flow, or Protein
Synthesisand link
to images.

Select Images
for Redirected
Sampling
(optional)

Export Data
and Images

Run Statistics
Macros to
Analyze Data

Use Images,
Data to
generate
Presentations

or

Collect and
Analyze
Plasma
Samples

Collect Data in
Calibrated Sampling
Units byDrawing
Regions of Interest
on the Image or
using Atlas
Sampling.

Figure 1, Metabolic Autoradiography Work Session Flow
The steps for glucose utilization and cerebral blood flow analysis are very
similar.

1. Images are brought in to the system by using a video camera to digitize
the film directly or images scanned from other sources are opened.

2. Standards are calibrated to known nCi values and areas are calibrated to
real world units.

3. Plasma data is entered in the Glucose Utilization dialog or the Cerebral
Blood Flow dialog and the plasma curve fit is calculated and tagged to
the images.

4. Images are sampled by region using the histologic slice as a sampling
guide, if desired. While the glucose region list keeps track of the number
of samples made for each region.
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Setup Inquiry for the Application

Configure the Table

• Select File-Table Define-Calibration Table to load an appropriate table
template (sample mean, known nCi value, and calculate columns)

• Select File-Table Define-Sample Table to load an appropriate sample
table template (mean value, glucose utilization value, structure and region
columns).

Load and Display Images

• Select Images... menu to display the Image Selection Window.
• Click the Open button and select images to open the standards, sections

and ruler images.
• Click the standards image to highlight and click the Display button to

display in the Image Window
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Calibrate to Standards

View Calibration Table by clicking the calibration table icon  in the tool
bar, selecting View-Calbiration Table from the menu or pressing Ctrl-C

Sample the Standards

• Select the polygon tool in the tool bar.
• Click and drag the outline of each sample.
• Click the right mouse button to complete each sample.

Calibrate Measured Standards to Known Values

• Enter in the known standard values in the known values column (in this
table: nCi) by double clicking on each cell, entering the known value and
pressing Enter.

• Select the Sample column to plot as the Horizontal Axis
• Select the nCi column to plot as the Vertical Axis
• Select a Curve Fit
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Tag Images with curve fit

Tagging images allows multiple curve fits to be linked with one image by
saving the curve fit information in the image header.

For Metabolic Autoradiography we will be using 4 curve fits: one for the
autoradiographic standards and three metabolic fits for grey matter, white
matter and other brain structures.

To tag the images:

• Click the Tag Images… button in the calibration window,
• Highlight the images to tag in the Image Selection Window, and
• Click the Select button.

Select x and y
axis columns

Select a
curve fit

enter in known
standard
values
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Area Calibration

• Display an image with an object of known area or length. Highlight the
image in the image selection window and click the Display button.

• Click the button in the calibration Window
• The instruction message is displayed beneath the image. Do not click the

Cancel button unless you want to cancel the Set Area process.
• Select a sampling tool from the toolbar. In this example we selected the

Line tool.
• Draw the shape of the known length or area. Here, we clicked the

endpoints of the known ruler length. Click the right mouse button to finish
the sample

1010 2020 3030 4040 5050

• Select Area or Length measurement in the dialog box.
• Enter in known size and units of the sample and click Ok.

• The area conversion factor will be displayed next to the Set Area button.
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Plasma Curve Calibration

Enter Plasma data:

• Select Tools-Glucose to display the plasma entry dialog.
• Click the Open button and select an appropriate 2DeoxyGlucose (*.dg)

file

The following information is displayed in the Glucose Window

The number of observations,
For each observation:

Time of withdrawal in decimal hours,
DG in nCi/ml,
glucose in mg/dl.

K factors for Gray Matter, White Matter, or Structure
Lumped Constant
Kill Time in decimal hours

• Click Calculate to calculate Final Tissue DG Concentrations and Plasma
Integrals
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Tag images with plasma curve fits

Tagging images saves the lookup tables for gray matter, white matter, and
other brain structures to the image header. To retain the image header, save
the image in the TIFF format.

• Click Tag Images in the Glucose dialog.
• Highlight the images to tag by clicking the first image and ctrl-clicking the

remaining images in the Image Selection Window and click the Select
button.

Click the Select button
to tag the highlighted
images with the plasma
curve fits
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Sample Images

Redirected Sampling

Redirected Sampling is a specialized sampling process that uses
Regions–of–Interest drawn on an anatomic section to collect data from a
corresponding, spatially registered functional section.

In this demo, we use either an atlas image or an histologic section to direct
our sampling and data is collected from the autoradiographic slice.

Atlas Histologic Section Autorad iograph

Select Images for Redirected Sampling

• Select Files–Fixed Image Sampling…–Set Number of Images.
• Click the Atlas or Histologic section and ctrl-click the corresponding

Autoradiographic section in the Image Selection Window and click the
Select button.

Sample Images

View the Sample Table by clicking the sample table icon  in the tool bar,
selecting View-Sample Table from the menu or pressing Ctrl-S

• Display the Image Selection Window by selecting the Images… menu.
• Highlight the Atlas or the Histologic section and click the Display button.
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• Select the polygon tool in the tool bar.
• Select Calibrated Units to use the nCi and Glucose curve fit from the

image tag.
• Highlight the appropriate region in the Structures List. The list item is

incremented for each sample.
• Click and drag the outline of each sample.
• Click the right mouse button to complete each sample.

Draw region
on the atlas or
histologic slice

Data is collected from
the autoradiographic

slice in the same
position

A new row of data
is created for each

sample.

Highlight
region name

Select a
sampling tool



Inquiry Application Notes

Metabolic Autoradiography Application-16

Generate Pictures for Presentations

Fuse the anatomic and functional images

• Select the Fusion from the Tools menu.
• In the image selection window highlight the Atlas or the Histologic section

and click the Select button for the Background image.
• Highlight the Autoradiographic section and click the Select button for the

Foreground image.
• The images will be overlaid (or fused). Select a palette below each image.

We used spectrum for the autoradiograph, grey scale for the histologic
slice and spectrum for the atlas.

• Compress the palettes to highlight the desired areas and improve image
contrast. Click and drag the endpoints of the color bars above each
image to compress the palettes. click and drag in the middle of the color
bar to move the palette center point.

• Adjust the % overlay value to highlight the foreground or background
image. We used 50% in these pictures.

• Take a snapshot of the fusion image by clicking the Snapshots button.
Name the file.

• Open the bitmap file in any paint or presentation package. In Windows
Paintbrush select File-Open. In Microsoft PowerPoint select Insert-Picture.

Fusion of Atlas and
Autoradiogr aphic Section

Fusio n of Histologic Section and
Auto radiogr aphic SectionFusion of Atlas and

Autoradiographic Section
Fusion of Histologic Section
and Autoradiographic Section


