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ABSTRACT

By means of the '"close" function of the IBAS image analyzer it has
been possible to determine if the transmitter-identified nerve cell bodies
in an area are scattered or form clusters, since closely packed nerve cell
bodies will unite by this procedure. The cell density of the cluster can
be evaluated by considering the ratio between the area of its nerve cell
profiles and the field area of the entire cluster. By this procedure a
cluster of adrenaline nerve cell bodies have been discovered in the
ventrolateral rostral reticular formation of the medulla oblongata belong-
ing to the lateral part of adrenaline group Cl.
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clusters.

INTRODUCTION

Previously we have been able to describe groups and subgroups of
transmitter identified nerve cell populations by means of semi-automatic
image analysis in combination with the indirect immunoperoxidase procedure
(Agnati et al., 1982, 1984). However, this procedure was found to be time
consuming and we have therefore developed methods which involve the use of
automatic image analysis to obtain a complementary, but less time consum-
ing procedure for the objective demonstration of clusters of transmitter
identified nerve cell bodies in the central nervous system.

THE PRESENT METHOD TO DEMONSTRATE NERVE CELL CLUSTERS BY MEANS OF AUTO-
MATIC IMAGE ANALYSIS

Firstly, the image is improved by the use of a shading function. In
this procedure, usually a background image is used, which has been obtain-
ed by the introduction of a grey filter into the pathway of the trans-
mitted light. Thereafter, the perimeter of the transmitter identified cell
group is interactively outlined in the editor function. In this example
the transmitter identified nerve cell group analyzed is the phenylethanol-
amine-N-methyl transferase (PNMT) immunoreactive nerve cell group in the
ventrolateral and rostral part of the reticular formation of the medulla
oblongata (Cl group; H8kfelt et al. 1974). The measurements have been
performed on a binary image of this cell group, obtained by the use of an
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Fig. 1. A biﬁary image showing discrimination of PNMT cell bodies of
group Cl. A= 209+138 ym", means * S.D.

interactive discrimination function (Fig. 1). To produce the binary image
we used the grey tone level which resulted in the selective demonstration
of the PNMT immunoreactive nerve cell bodies. Grey tone levels below this
critical value (high optical density) were considered as white, while grey
tone levels above this level (low optical density) were considered as
black. By means of the identification and measuring programs the area
within the perimeter, i.e., the cell group area itself, was measured (A.).
Subsequently, also the mean area (A) and the number of PNMT immunoreactive
nerve cell profiles were measured within the region. These two values
were automatically obtained from the histogram of the areas of the PNMT
immunoreactive profiles. By means of a ''skip" function objects too small
or too large to represent nerve cell bodies were automatically removed. By
multiplying the number (N) of PNMT immunoreactive cell bodies with the
mean area (A) of these cells the field area (FA,) of the PNMT immuno-
reactive nerve cell group could be obtained. The ratio between the field
area (FA.) and the area enclosed by the perimeter of the cell group (A.)
gives an evaluation of the volume fraction of the transmitter identified
nerve cell group. To help remove the small immunoreactive profiles in the
binary image also a medianization function was included in the program
after the discrimination procedure.

The possible existence of a cluster of transmitter identified nerve
cell bodies within the area analyzed (A_) was tested by use of the "close"
function (Fig. 2 and Table I) (see Agnati et al., 1985a,b). In this
procedure densely packed objects unite to form large individual objects.
Formation of such large profiles will give some objective evidence for the
existence of clusters in the transmitter identified nerve cell group.
Nerve cells far apart will in contrast not form clusters, giving evidence
that these in fact are scattered. In the present procedure nerve cell
bodies lying less than or 65 ym apart were joined to form clusters. The
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Fig. 2. Fig. 3.

Fig. 2. By means of the close function a cell cluster can be detected in
the image of Fig. 1. The area of the cell cluster has been encircled by
means of an interactive procedure. The other PNMT immunoreactive profiles
have been remoged. The value of the cell group area can be evaluated
(ACl) (38080 ym™).

Fig. 3. Demonstration of the overlap area between images shown in fig. 1
and fig. 2 using the logical operation "and" (Boolop function). In this
way the_PNMT immunorfactive cell bodies forming the cluster in fig. 2 are
shown. A= 327+306 ym~ (means + S.D.).

form factor and the area of the clusters formed were then determined
interactively in the editor function. By means of the '"Boolop" function
(logical function "and") the image containing the cluster was compared
with the original discriminated image (binary), which allows the deter-
mination of the overlap area in the cluster. The overlap region demon-
strated in this way represents the field area of the PNMT immunoreactive
nerve cell bodies forming the cluster when the close function is triggered
(FAC ) (Fig. 3). The ratio between the field area of the cluster (FA.,)
and the total area of the cluster (A l) will give an evaluation of gllxe
cell density in the cluster. By diviglng the field area of the cluster
(FAC ) with the mean area of the individual nerve cell body within the
clus%er (A.,) the number of PNMT immunoreactive cell bodies within the
cluster can” be obtained. If the number was equal or larger than 5 the
cluster was accepted. By knowing the total number of nerve cell bodies
within the transmitter identified nerve cell population (4,) it became
possible to determine the per cent of nerve cell bodies which appeared
scattered within the transmitter identified nerve cell group. In coronal
sections the main cluster was formed in the lateral part of the adrenaline
nerve cell group Cl, located in the rostral part of the ventro-lateral
reticular formation of the medulla oblongata of the rat.
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TABLE 1 DEMONSTRATION OF PNMT IMMUNOREACTIVE CELL GROUPS OF THE MALE RAT IN CORONAL SECTIONS BY IMAGE ANALYSIS

By means of the IBAS Image Analyzer (see Figs. 4-6, and text), using the "close" function, PNMT immunoreactive cell bodies

lying within a distance of 65 ym from each other have been united to form clusters. The five largest clusters found at

each rostrocaudal level analyzed have been selected and analyzed. Clusters have been accepted when FAC /KC > 5. The

FAC IAE value has been rounded off to the nearest integer value. Gravity Centers (GCx and GCy) are dekem}ned by using an
Te te computer.

SECTION CELL BODY PARAMETERS CELL GROUP PARAMETERS
Mean Total Area Shape X-angle Field Gravity
Rostro-caudal level area  counts Factor Area Centers -
(sm rostral (+) or ) (N;A.‘.) (ACI) (SF) (degr) (FACI.) GCx GCy I’ACIIAC1 FAcllAC].
caudal (-) to obex) 2 2
pm L) 0tol o pm =
1) +1.7 =m 537 61
cluster I accepted (lateral Cl) 18200 0.339 131 5631 1953 661 0,309 11
="~ 1II accepted (medial Cl) 6404  0.191 159 3045 1242 644 0.475 6
~"'- III accepted (lateral C2) 9546  0.278 148 3045 1036 2436 0.319 6
="- 1V not accepted (medial C2) 4302 0.179 111 1861 0.433 3
-"~  V not accepted (medial Cl area) 3673  0.157 63 1668 0.454 3
2) +1.5 =m 421 42
cluster I accepted (lateral Cl) 14770  0.348 139 6211 1880 652 0.421 15
~"- III not accepted (lateral C2) 2489 0.159 27 1329 0.534 3
3) 41.0 ma 507 35
clugter I accepted (lateral Cl) 42990  0.490 76 11020 1799 744 0.256 22
="~ II not sccepted (medial Cl) 2465  0.142 122 1450 0.588 3
4) 40.9 mm 428 11
cluster I not accepted (lateral Cl) 2779 0.164 111 991 0.357 2
="- II not accepted (medial Cl) 1088 0.105 76 580 0.533 1
5 0.2 mm 185 21
cluster VI accepted (part of nuc. 18650  0.371 58 3504 549 2550 0.188 19

solitarius)

* estimated number of cells in each cluster.
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