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MORPHOMETRIC STUDY OF ISOLATED DOGIEL 
TYPE II CELLS OF THE INTERMUSCULAR 
PLEXUS 

A B S T R A C T  — Aim of the study was to calculate the 
morphometric parameters of isolated Dogiel type II cells 
from the intermuscular plexus of the small intestine.
Materials and methods: 3D models of the oval-shaped 
Dogiel type II cells from the intermuscular plexus of a rat 
(n = 1) were constructed and studied. Neurocytes
were identified by the impregnation method on the frontal 
and horizontal sections of the wall of the small intestine.
Results: The results showed that the total number of 
the nodes in the virtual model was 36534, and the mesh 
elements — 156595. The resulting 3D model of the cell 
and nucleus was reduced 900 times to obtain a three-
dimensional cell and nucleus with absolute dimensions, 
with a ratio of 1:1 to their true size. The volume of Dogiel 
type II cell was 2785.11 μm³, the volume of the nucleus 
was 647.7 μm³ and the volume of its perikaryon was 
2785.11 μm³.
Conclusion: Dogiel type II cells from the intermuscular 
plexus of the rat small intestine has an ovoid shaped three-
dimensional structure. These cells are flattened in transverse 
direction and elongated in longitudinal direction.

K E Y W O R D S  — Dogiel type II cells, intermuscular plexus, 
small intestine, volume of perikaryon, volume of nucleus.
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I N T R O D U C T I O N
The vegetative ganglia are a collection of the nu-

merous multipolar neurons. The size of the vegetative 
ganglia varies significantly. There are large, medium-
sized, small and very small (microganglia) ganglia [1].

Dogiel cells, neurons of the autonomic ganglia. 
There are three types of cells (I–III). Type I cells (ef-
ferent neuron with a long axon) are neurons with 
short dendrites (located within the ganglion). Type II 
cells (multipolar, afferent neurons) are a neuron with 
a long neurite and dendrites; the latter go beyond the 
ganglion, functionally they are the sensitive (afferent) 
neurons. Type III cells (associative, intercalary neurons) 
are the neurons with a long neurite (can reach other 
autonomic ganglia), dendrites are short (within one 
ganglion) [2].

Dogiel type II cells, as suggested by A.S. Dogiel, 
actually perform a sensory function [2]. Their activity 
is due to the direct action of serotonin and, possibly, the 
effect of acetylcholine [3]. It is also possible that there 
are special functional connections between the neuro-
cytes of the intermuscular and submucosal plexuses [4]. 
However, the data on the morphometric parameters 
of Dogiel type II cells of both the intermuscular and 
submucosal plexuses are extremely contradictory, due 
to the large number (about 40) of the most typical 
shape of their perikaryon [5]. Moreover, it is believed 
that neurocytes in metasympathetic ganglia are flat in 
structure and their thickness is only a few microns [6].

The aim of this study was to calculate the morpho-
logical parameters (volumes of perikaryon and nucleus) 
of an isolated cell of rat’s small intestine.

M A T E R I A L  A N D  M E T H O D S
The neurocytes of the ganglia of the intermuscular 

plexus of the small intestine of a mature outbred rat 
(n = 1) were identified by the universal method of im-
pregnation [7]. After fixing a fragment of the intestinal 
wall in 10% amethanol formalin (5 days), its frontal and 
horizontal sections with a thickness of 30.0–40.0 μm 
were made. Slices with an area of 3.0×5.0 cm were 
enclosed in Canadian balsam and examined under a 
1000DM loess microscope with a digital video system. 
For morphological analysis, two Dogiel type II cells 
were selected, visualized on the frontal and horizon-
tal sections of the intestinal wall. The morphometric 
studies of these cells were carried out in the Ymadei 
software package, the construction of their 3D models 
— in the AN5Gs Apace claim v 19.2 software.

R E S U L T S 
The color photographs were taken to assess the 

volume of the perikaryon and nucleus of isolated Dog-
iel type II cells located in the frontal and horizontal 
planes (Fig. 1).

Then the photographs were converted into the 
BMP raster image format (3DtooLR software environ-
ment). The sections of neurocyte bodies located in 
frontal and horizontal sections were separately cut from 
these images (Fig. 2).

The resulting images were first combined in a 
Cartesian coordinate system, and then, after aligning 
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the planes and transforming them into a Stl file, into 
a solid model (in the AutodeskR software environ-
ment). The total number of the nodes in the virtual 
model of Dogiel type II cell was 36534, and the mesh 
elements were 156595. The resulting 3D model of 
the cell and nucleus was reduced 900 times in order 
to obtain a three-dimensional cell and nucleus with 
absolute dimensions, with a ratio of 1:1 to their true 
dimensions (Fig. 3).

In the calculations, a number of assumptions 
were made: 1) the section of the cell in horizontal 
plane was approximated to a regular shape; 2) the 
distance between the sections is 0.1% of the cell 
volume; 3) the material of the investigated volume is 
isotropic.

The object of the research, the body of the cell H, 
the overall characteristics of which had to be calcu-
lated, is located between two arbitrary planes.

Fig. 1.  Dogiel type II cell in the horizontal plane. A 
universal method of impregnation. Sw.× 900

Fig. 2.  Morphometric characteristics of Dogiel type 
II cells in the Cartesian coordinate system 1) section 
in the xOz plane; 2) a section in the xOy plane

Fig. 3.  Solid-state model of Dogiel type II cell 
1) actinometric image; 2) horizontal section of 
the cell
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The coordinate system is built so that the Ox 
axis is perpendicular to a and b planes. Letters a and b 
denote the abscissas of the points of intersection of Ox 
axis with these planes (a < b). We assume that the body 
of the cell H is such that its section φ (x) is a plane 
passing through a point with an abscissa (x) and per-
pendicular to the axis (Ox). Thus, they are an ellipse.

The method used in calculating the volume of 
the cell consisted in separation of its cross-section into 
separate areas and in calculating the area of each of 
them with the subsequent addition of the results.

The following results were obtained: the volume 
of Dogiel type II cell was 2785.11 μm3, the volume of 
the nucleus was 647.7 μm3, the volume of its perikary-
on was 2785.11 μm3, and the volume of the nucleus 
was 647.7 μm3.

D I S C U S S I O N
When studying physiological and pathological 

processes in biological systems, it will be essential to 
employ cybernetic principles [8]. It must be admit-
ted that the pathological process is too complicated to 
solve its nature without the help of mathematics. In this 
regard, at present, the most promising method for the 
study of histological material is CAE technologies. 
Moreover, the reconstruction of a neurocyte, due to 
the complexity of its morphology, requires from 2000 
to 3000 measurements of its various parameters [9]. At 
the same time, it is recognized that the morphometric 
parameters of the intestinal neurocytes of humans 
and dogs are practically the same. In the literature, 
studies of the morphometric parameters of various 
cells, including neurocytes, using manual counting are 
presented [10]. For this, in some cases, the large and 
small diameters of the perikaryon and nucleus were 
measured, and their volumes were calculated using the 
ellipsond formula (V = Pa2v) [11]. In other cases, the 
volume of the perikaryon and the nucleus was found 
by the formula: V = av2; where a — large diameter, 
b — small diameter. In third cases, the cell volume was 
determined by the formula V = a2b, in spherical nuclei 
— V = D30.52, ellipsoidal nuclei — V = (a + b) 2 0.07 
[12]. In all cases, there is a few number of the measure-
ments with a "manual" method of counting and their 
relative low accuracy [10].

F I N D I N G S
1. The Dogiel type II cell from the intermuscular 

plexus of the rat’s small intestine has an ovoid shaped 
three-dimensional structure.

2. The cell is flattened in transverse direction and 
elongated in longitudinal direction.
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