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ABSTRACT

Automatic image analysis has been employed to use the occlusion
method for the quantitative determination of coexistence. Also a method
has been developed using the dilatation function of the IBAS image ana-
lyzer combined with the performance of a logical operation "and", to
quantitatively evaluate the codistribution of profiles. Thus, fhis pro-
cedure allowed the determination of a dilated oveﬁ}aplfrea (FAAB), which
could be related to the mean dilated field area (FAA+FAB)/2’
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INTRODUCTION

Stereological methods (Weibel 1979) and computer assisted evaluation
of images have had a substantial impact in neurobiology. There exist two
methods for evaluation of the entity of coexistence of neuroactive sub-
stances in nerve cell bodies using image analysis. The so called occlusion
method allows an overall quantitative evaluation (Agnati et al. 1982a) and
the overlap method, which allows a quantitative evaluation of coexistence
cell by cell (Agnati et al., 1984).

Principles of the Experimental Procedures

A. The occlusion

This method is based on the analysis of three adjacent sections
stained in a random way with antisera against A and B alone and with the
two antisera together. The entity of coexistence is obtained by subtract-
ing from the sum of the number of the immunoreactive nerve cell bodies
demonstrated with antiserum A alone and antiserum B alone, the number of
the immunoreactive nerve cell bodies demonstrated with the combined use of
antisera A and B (Fig. 1). The procedure is based on the fact that the
coexisting cells are demonstrated with both antiserum A alone and anti-
serum B alone as well as with the combined use of the two antisera. The
second method is the s.c. overlap method (Agnati et al. 1984). In this
analysis the image analyzer records the position and the perimeter of each
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Fig. 1. Schematic representation of the morphometrical evaluation of
coexistence by means of the occlusion method. For further details, see
text.

nerve cell body demonstrated by an antiserum A in a Cartesian plane. In an
adjacent section or in the same section following elution of the anti-A
immunoreactivity staining for B immunoreactivity is performed using an
antibody anti-B. The image analyzer records the position and the perimeter
of the B immunoreactive nerve cell bodies in the same Cartesian plane (see
Fig. 2).

The computer then considers coexistence to have taken place when the
A and B immunoreactive areas overlap by at least 30 7. This method offers
the possibility to assess coexistence of neuroactive cell bodies in each
individual nerve cell body of a selected nerve cell group. In order to
cbtain absolute values of coexistence by means of the overlap procedure
the same section must be used with electrophoretic elution. Previously we
have used these methods in combination with semiautomatic image analysis
on sections stained by means of the indirect immunoperoxidase procedure.
We will now present a procedure involving automatic image analysis using
the IBAS image analyzer (Zeiss-Kontron). In this way the methods can be
~2rformed much more rapidly.
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MORPHOMETRICAL EVALUATION OF COEXISTENCE
THE QVERLAP METHOD
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Fig. 2. Schematic representation of the morphometrical evaluation of
coexistence by means of the overlap method. The neuroanatomical landmarks
are indicated by the coordinates P (xl, y.,). Only for the cells for which
there is coexistence (i.e. they are positive . in both sections) have the
respective coordinates been given.

RESULTS AND DISCUSSION

On the use of the occlusion method by means of automatic image analysis

In these new procedures we employed the occlusion principle for
studies on coexistence in thin adjacent sections. In this procedure the
sections showing A and B immuncreactivicy alone ares adjacent to one
another, so that in the same program alsc codistribution of A and B
immunoreactive nerve cell bodies can be quantitated. In this procedure the
section stained with both antisera is analyzed first. By means of the
shading and discrimination functions a binary image is obtained, which
only demonstrates A and B immunoreactive profiles. By means of the mea-
surement and the identification programs the field area (FA,_ ) of the
immunoreactive cell bodies is determined. The "skip'" function in the image
analysis makes it possible to automatically remove too small and too large
immunoreactive profiles. The A immunoreactive nerve cells and B immuno-
reactive nerve cells are subsequently analyzed in a similar way. Thus,
field area A (FA,) and field area B (FA_) is determined as well as the
mean area A (A+§D) and mean srea B (B+SD_). The mean areas and the
standard dev1at10ns were cbtained automatlcal]?y from the histograms of the
areas of the immunoreactive profiles. The entity of coexistence is by this
program obtained by taking the sum of the field areas for A and B immuno-
reactive profiles (FA +FA_ ) minus FA 5 The entity of coexistence can then
be expressed in per cent of FA, or FA_ (see Agnati et al., 19852,b). Using
the occlusion principle it coqu e.g. be demonstrated that during the
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Fig. 3. In the left part of the figure the number of 5-HT immunoreactive,
Substance P (SP) immunoreactive and 5-HT plus SP immuncreactive profiles
are given at various rostrocaudal levels of the rat medulla oblongata in
the 3 month and 24 month old male rat. In the central part of the figure
the total number of cells found after incubation with the SP antiserum
alone, 5-HT antiserum alone and the two SP and 5-HT antisera are reported
(n= 3; means + s.e.m.). In the right part of the figure the occlusion
method has been applied on the number of 5-HT, SP and 5-HT plus SP immuno-
reactive nerve cell bodies has been applied. In this way an overall
evaluation of coexistence of Substance P and 5-HT has been obtained in the
24 month and 3 month male rat. The number of SP and 5-HT costoring cells
has been expressed in per cent of the number of 5-HT immunoreactive nerve
cell bodies. n. of cells= number of cell profiles. Mean SP profile arga
(Young) is 307.49 pym~ and mean 5-HT profile area (Young) is 264.61 pm™.
Section thickness: 30 pm.

aging process the entity of coexistence of Substance P and 5-hydroxy-
dopamine in nerve cells of the medulla oblongata of the rat was reduced
from 557 to 317 (Fig. 3) (see Agnati et al., 1985c). It has previously
been shown that there occurs a reduction in neuron size with age (Hung et
al. 1981). Furthermore, the present area measurements are a measure of
volume density (V_) rather than number, since the neurons are selected
according to a bias directly proportional to size. Therefore, it is
possible that the reduction in SP/5-HT costoring profiles seen in aging
may be related at least in part to a preferential reduction in the size of
such profiles during aging.

A method to quantitate codistribution of profiles by automatic image
analysis

In this automatic image analysis we also determined the codistri-
bution of the A and B immunoreactive profiles as well as the eveness of
their distribution in the selected field. To this purpose we used the
medianization and dilatation functions in the IBAS image analyzer, by
which small objects are removed and nerye ﬁﬁll onﬁfs ﬁ&ose to one another
merge to form large area profiles (A iSDA and A iSDB) (Agnati et al.,
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Table I

IMAGE ANALYSIS OF CA FLUORESCENCE IN PERICYTES OF THE BRAIN CAPILLARIES
VISUALIZED BY MEANS OF PARGYLINE L-DOPA TREATMENT IN CORONAL SECTIONS IN
THE MALE RAT

CAs were trapped in the pericytes by treatment with the monoamine oxidase
inhibitor pargyline (100 mg/kg, i.p., 4 h before killing) L-dopa (60
mg/kg, i.p., 30 min before killing). The pericytes in the ventromedial
hypothalamic nucleus and the posterior cingulate cortex (layer II-IV) have
been analized. Means + s.e.m. are shown (n= 4-5 observations). A= Mean
value; N= Number of counts; N_ = Number of counts after dilatation; IZ=
(N-N_)/(N-1) * 100. Index of uniformity and/or density of pericytes; FA=
FielH area (N x A).

Brain area A pm2 N FA pmz N, 17
Ventromedial

hypothalamic nucleus 5545.6 25+2 14194220 742 73.5+2.6
Posterior

cingulate cortex 63.3+3.8 46+5  2680+551 7+1 86.743.6

1985b). An octagonal shape was used in the dilatation procedure, and each
time it was performed the size of the profiles was increased by one pixel
at the boundary. The higher the density of immunoreactive profiles in the
nerve cell body population the higher was the degree of formation of large
area profiles with a reduction in the number of profiles. Furthermore, by
comparinB the ratiosrpf the respective field area before and after dilata-
tion (FA /FA, and FA_/FA_ ) it was possible to obtain an evaluation of the
eveness of distribution of the respective immunoreactive profiles A and B.
As illustrated in Table 1, an index of uniformity and/or density of
profiles can be developed by the dilatation functiom IZ= (N-N_)/(N-1)x100,
where N= number of counts, N_= number of counts after dilaggtion. Using
semiautomatic image analysis we have also analyzed density maps by means
of Lorenz curves and the Gini index to evaluate the uniformity of density
distribution of profiles (Agnati et al., 1982b,c).

The two new images formed by the dilatation functions of the A and B
immunoreactive nerve cell bodies were compared with each qther using the
"Boolop" function. In this way the dilated overlap area (FA,.) between the
A and B immunoreactive nerve cell bodies could be determined. The degree
of codistribution of the A and B immunoreactive profiles was determined by
calﬁulating the ratio of the dilated field area for the overlap region
(FA B) and Epe Bean dilated field area of the A and B immunoreactive
proélles (FA,+FA )/2. Thus, in the same program it becomes possible to
analyze in a quantitative way both coexistence using the occlusion proce-
dure and codistribution of the two immunoreactive nerve cell body popula-
tions.
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