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different metabolites, such that one
metabolite reacts with cell protein
and causes cellular death (or lethal
cell injury), while the other metabol-
ite reacts with DNA and sets in motion
a process of cell proliferation (acute
sublethal cell injury). During the
acute phase and also in the chronic
phase of cellular injury, there is a
sublethal phase during which the cell
is unable to withstand any further
metabolic loading.

Morphometry permits us to obtain
exact measurements on the structure of
the organisn, from which we may draw
conclusions as to its functional sta-
tus. The multiplicity of morphometric
investigations has led to an explosive
growth in data.

Using symbolic logic, we developed
a quantitative organelle pathology in
which nine pathologic stages (=diagnos-
es) suffice to describe the entire
range of cellular injury. These nine
pathologic states in turn correspond
to five morphologic states (diagnoses)
which give the mean change in organelle
size. These nine pathologic and five
morphologic states make it possible to
express the average ultrastructural
change in a cell during cellular injury
which is both easy to visualize and un-
ambiguous. Symbolic logic analysis by
computer identifies incomplete and/or
inconsistent statements both in the in-
dividual data sets and in the condition-
al logic. Our system of nine pathologic
states and five morphologic states then
forms an alphabet, from which we can
construct reaction patterns of cellular
organelles in the course of cellular
injury. Using this quantitative organ-
elle pathology and morphometric data
from more than 150 experiments, we con-
structed a system of non-contradictory,
mutually exclusive, reaction patterns
for the cell and the organelles., We
demonstrated that 85% of the experiments
showed monotonous patterns which could
be classified by symbolic logic as hav-
ing a cytoplasmic adaptive reaction in
the alarm phase, resistance phase, or
exhaustion phase. The rule of homology
has proved to be very useful in helping
to elucidate difficult relationships in
pathology. We attempted to show that
this also holds true of quantitative
organelle pathology. The types of hom-
ology occurring in the ergastoplasmic-
mitochondrial-peroxisomal system reveal
the evidence of existing interactions
that will only be determined by means
of morphometry and symbolic logic.
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These homology types allow us to draw
cenclusions regarding the capacity of
the cell to adapt itself and the extent
of cellular injury.
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Skeletal muscle fibres usually are
classified on the basis of activities
of enzymes that represent glycolytic
and oxidative metabolism and speed of
contraction. Enzyme activities can be
estimated histochemically. Fibre stain-
ing with hematoxylineosin or delimita-
tion of the fibres using connective
tissue staining enables one to determine
the position, form and size of fibres
in cross-section.

At several levels 10 um thick trans-
verse serial sections of the muscle to
be analyzed are cut. Using these sec-
tions, above mentioned staining proced-
ures are successively performed and
they are analyzed light microscopically.
Enzyme activity within a fibre is
measured as the mean absorption of mono-
chromatic light of a certain wavelength.

The subject of this presentation
is the possibility of overcoming the
limitations of the classical methods of
fibre typing and morphometry by using
automated image analysis. The methods
are well applicable to electron micro-
scopic images.

First, images of the stained sec-
tions need to be digitized (image acqui-
sition). This can be done with a scan-
ning device or with a video camera in
combination with a light microscope. The
image acquisition stage may produce some
deformations which one can try to com-
pensate (image restoration). Finding
the position, form and size of the fib-
res (image analysis) can be done auto-
matically or interactively. For this
purpcose it might be helpful to emphasize
structures in the image that one wishes
to detect (image enhancement). When the
contours of the fibres are found they
can be "projected" on the digitized
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enzyme stained images and the mean ab-
sorption of each fibre can be estab-
lished by calculating the mean grey val-
ue within each fibre (also image anal-
ysis). Furthermore, texture analysis
within the fibres may give additional
information.
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In addition to the numerical density,
location along the neuronal surface and
the excitatory vs. inhibitory character,
the actual size of synaptic junctions is
a relevant parameter determining the
integrative power of a single neuron.
Recently we observed in semithin E-PTA
sections of the cerebellar cortex that
synapses of different origin probably
have a specific size. The functional
importance of this observation led us to
reinvestigate this in ultrathin 0s0y
sections.

In random ultrathin sections of the
cerebellar cortex we measured the trace
length and chord length of all synapses.
Assuming that synapses are flat discs,
we calculated the mean diameter and the
frequency distribution using an unfold-
ing procedure. From chord and trace
length we also calculated the angle of
curvature. The calculated parameters
were compared with measurements of the
maximal trace and chord length of the
same synapses in consecutive serial sec-
tions. The observations revealed that
the synapses in the molecular layer of
the cerebellar cortex can be considered
as flat discs. The observations also
stressed the problems of unfolding pro-
cedures.

IMMUNOCYTOCHEMISTRY AND CYTQCHEMISTRY

Ia-ANTIGEN ON CELLS AS DETECTED BY
ROZETTING AND IMMUNOCYTOCHEMISTRY IS
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Ia-antigen on peritoneal macrophages
was assessed in vivo and during the
course of in vitro cultures. Four as-
says were used to detect Ia: (a) bind-
ing of 125I-anti Ia, (b) rozetting of
SRBC conjugated with anti-Ia by CrCljy,
(c) ability of cultured Mg to present
a copolymer to primed T-cells and
(d) immunocytochemistry in a three-step
procedure.

Three major findings are reported
here. Firstly, the rozetting assay
detected a higher proportion of Ia+Mg
than other commonly used assays includ-
ing immunocytochemistry. Secondly, the
rozetting assay failed to reveal the
loss of Ia in vitro, a finding supported
by the fact that cultured M@ still were
functionally capable of presentation of
a copolymer in an Ia-restricted
response. Finally, we could demons-
strate that the apparent enhanced sen-
sitivity over other assays as immuno-
cytochemistry can be attributed--in
part--to the lack of fixation step.

The effect of the fixation with para-
formaldehyde and glutaraldehyde on the
detectability of Ia-antigens was ex-
plored further for rat, mouse and human
cells. The results indicated that the
commonly used fixatives indeed affect
dramatically the detectability of Ia
on a variety of cells and results ob-
tained with their use therefore must be
interpreted with caution.
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PARTICLES OF PARTICULAR SIZES

Paul Van Bergen En Henegouwen and
Jan Leunissen#*

Department of Molecular Cell

Biology and *Institute of Molecular
Biology, State University of Utrecht,
Utrecht, The Netherlands

During the last decade colloidal
gold has become very important as a
marker in immunoelectronmicroscopy. Ap-
plication of protein A-gold complexes
combines electron density and specifi-
city with the possibility of a double
labeling using different sized parti-
cles.! A rarely mentioned limitation,
however, is the difference in labeling
efficiency between particles with var-



