


ments, fragments 1 cm in length of whole mount
specimens were collected from each segment of
the large intestine and 30 areas of 1 mm2 were ana-
lysed. Measurements and digital photographs
were taken with a Nikon Digital Sight SD-LI cam-
era (Japan). The non-parametric Kruskal-Wallis
test was applied for the analysis of the morphomet-
ric data, as a Shapiro-Wilk test revealed a violation
of the assumption of normality of the distributions
(at P<0.05). If the Kruskal-Wallis test revealed
significant (P<0.05) differences among groups, a
Mann-Whitney test with Bonferroni correction
was done. All calculations were made using the
PAST software ver. 2.14 (HAMMER et al. 2001).

Two animals were used for immunocytochemical
(ICC) studies. The antibodies VAChT and DßH
were used. DßH (dopamine ß-hydroxylase) is an
enzyme involved in noradrenaline synthesis by
converting dopamine to noradrenaline, while VAChT
(vesicular acetylcholine transporter) is a protein
characteristic for cholinergic nerves, where it trans-
ports ACh into synaptic vesicles (CA£KA et al.
2008; ANLAUF et al. 2003). Anaesthetized animals
used for ICC were transcardially perfused with 0.4 l
of 4% ice-cold buffered paraformaldehyde (pH 7.4)
and tissues were collected as described above. The
collected tissues were postfixed by immersion in
the same fixative for 2 hours, rinsed with phos-
phate buffer (pH 7.4) and transferred to and stored
in 30% buffered sucrose solution (pH 7.4) until fur-
ther processing. The tissues were washed 3x10 min. in
PB, incubated for 45 min. in 10% normal horse se-
rum (NHS, Cappel, Warsaw, Poland) or normal
goat serum (NGS, Cappel, Warsaw, Poland) in
PBS containing 0.25% Triton X-100 (Sigma,
USA) and then incubated overnight at room tem-
perature (RT) with antibodies diluted in PB con-
taining 0.25% Triton X-100. After incubation with
primary antiserum, the tissues were washed 3x10
min. in PB and further incubated with secondary
antisera for 1h in RT. After incubation the tissues
were washed 3x10 min. in PB, cover slipped with
buffered glycerol and examined under a confocal
microscope (Zeiss LSM 700). For antibody details
and concentrations see below:

Results

The myenteric plexus was situated between the
circular and longitudinal muscle layers in all seg-
ments of the chinchilla’s large intestine. It was lo-
cated both within and between the taenia. The
studied plexus formed a characteristic network
with polygonal meshes. Macromorphological ob-
servations distinguished two parts of the investi-
gated structures. The first, primary network, with a
peripheral location, was visibly thicker, while the
second, located internally, was thinner and more
delicate. The network nodes were formed by auto-
nomic ganglia containing from several to tens of
neurons. The cell agglomerations were connected
by nerve strands of various thicknesses (Figs 1, 2).

A low-density network (about 5 nodes per mm²)
was found in the cecum. The mesh length averaged
1580 Fm and the width 581 Fm. The network
meshes were elongated and quadrangular in shape.
The cell clusters varied in size: 134Fm long and 80
Fm wide, while the average thickness of the con-
necting strands was about 29 Fm (Figs 3, 10, Ta-
ble 1).

The myenteric plexus of the ascending colon in
chinchilla was significantly denser than in the ce-
cum, with 9.93 nodes per mm². The length of the
meshes was 709 Fm and the width 293 Fm. The
meshes of the network varied in shape, and in-
cluded oval, rectangular and pentagonal struc-
tures. The average size of the nodes was smaller
than in the cecum and was 63.5 x 53.8 Fm, and the
connecting strands here were the thickest, at 42.8
Fm (Figs 1, 10, Table 1).

The myenteric plexus of the transverse colon in
the investigated species was formed by a large
number of elongated meshes and a small number
of nodes. The initial segments of the connecting
nerve bundles were 36 Fm wide and contained the
nerve cells. The density of the network averaged
10.3 nodes per mm². The meshes were 690 Fm
long and 261 Fm wide. The cell agglomerations
were 136.5 x 94 Fm and were larger than in the as-
cending colon (Fig. 10, Table 1).
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Antibody details & concentrations

Primary antisera

Antigen Host Type Dilution Cat. No. Lot/Batch Supplier

DßH mouse monoclonal 1:500 MAB308 0606031688 Milipore

VACHT rabbit polyclonal 1:5000 V5387 095K4751 Sigma

Secondary antisera

Host fluorochrom Dilution Code Lot Supplier

Goat-anti-mouse IgG (H+L) Alexa Flour 488 1:500 A11008 51385A Invitrogen

Goat-anti-rabbit IgG (H+L) Alexa Flour 568 1:500 A11011 623962 Invitrogen



A higher density of network nodes (about 15.6)
in the descending colon was observed. The mesh size
in this part of the colon was the smallest, at 494Fm
long and 212 Fm wide. The nodes were large and
irregular (137.6 x 87.4 Fm). The connecting fibres
(about 31.3 Fm in width) were significantly thin-
ner compared to those in the ascending and trans-
verse segments of the colon (Figs 2, 10, Table 1).

The myenteric plexus of the rectum was the dens-
est in comparison with the same structure in the ce-
cum and colon. There were 17 network nodes per
mm². The meshes were 492 Fm long and 282 Fm
wide. The agglomerations of neurocytes measured
133 x 61.8 Fm. The connecting strands were the
thinnest out of all segments of the large intestine,
having a thickness of 22.5 Fm (Fig. 10, Table 1).

Macromorphological investigations of the large
intestine submucosus plexus revealed a character-
istic delicate network with small agglomerations
of neurons. This structure had an irregular pattern
in comparison with the myenteric plexus and was
distributed at several levels. The connecting
strands were thinner, the nodes smaller and it
seemed to be more dispersed. The density of this
plexus was uniform along its entire length (Figs 4, 5).

Histochemical investigations revealed high ac-
tivity of cholinesterase in the myenteric and sub-

mucosus plexus in all segments of the chinchilla’s
large intestine. The autonomic ganglia of the sub-
mucous plexus revealed 10-15 ganglionic neuro-
cytes (Figs 4, 5). AChE positive fibres were
observed in the muscularis mucose layer and in the
vicinity of the intestinal crypts.

Whole-mount specimens enabled observation of
the varicose adrenergic fibres located within the
myenteric and submucous plexus of the large in-
testine. They were located peripherally in relation
to the AChE positive connecting fibres and some-
times surrounded ganglionic neurocytes (Fig. 6).
The adrenergic fibres of the submucous plexus
were more delicate than in the myenteric plexus.
The adrenergic components of both investigated
plexuses penetrated each other in different layers
of the large intestine wall where they formed peri-
vascular plexuses observed in the vicinity of the
intestinal crypts (Figs 7, 8). These results indicate
that it is difficult to morphologically distinguish
between the adrenergic structures of the myenteric
and submucous plexus.

The immunocytochemical observations revealed
the cholinergic and adrenergic character of the in-
vestigated plexuses. VAChT positive (red) fibres
were observed in the Auerbach plexus. Moreover
numerous VAChT positive and DßH (green) positive
nerve fibres were found in both plexuses (Fig. 9).

Nervous Plexuses of Intestine in Chinchilla 137

Table 1

Measurements taken on myenteric plexus in large intestine. Abbreviation: P, significance
of difference (Kruskall-Wallis test)

Section
Number
of nodes

Mesh length
(Fm)

Mesh width
(Fm)

Internodal
fibre width

(Fm)

Ganglion
length
(Fm)

Ganglion
width
(Fm)

Cecum
Range 3-7 410.0-2540.0 250.0-1560.0 20.0-47.2 70.0-258.8 40.0-169.6

Mean–S.D. 4.73–1.33 1580.63–581.35 581.33–335.68 29.16–6.60 134.11–50.50 80.88–31.99

Ascending
colon

Range 5-16 450.0-1260.0 130.0-590.0 19.0-80.3 35.4-104.6 28.2-102.9

Mean–S.D. 9.93–2.79 709.00–206.49 293.67–97.40 42.80–15.22 63.65–21.22 53.81–22.70

Transverse
colon

Range 8-13 360.0-1190.0 80.0-420.0 17.7-54.0 74.3-213.2 60.9-169.1

Mean–S.D. 10.30–1.60 690.67–185.95 261.67–84.77 36.00–9.95 136.59–35.68 94.08–24.85

Descending
colon

Range 9-23 330.0-710.0 70.0-350.0 10.9-54.0 69.4-241.1 39.1-158.0

Mean–S.D. 15.66–3.57 494.00–101.22 212.00–87.79 31.36–12.48 137.64–44.59 87.47–26.70

Rectum
Range 13-21 170.0-750.0 170.0-390.0 11.4-33.9 72.3-216.5 38.7-102.2

Mean–S.D. 17.37–1.85 492.00–140.80 282.00–62.55 22.57–5.85 133.07–42.85 61.85–19.28

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Legend: a � autonomic ganglion, b � 1st order cholinergic nerve fibres, c � 2nd order cholinergic nerve fibres, d � adrenergic

nerve fibres, e � blood vessel.
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Figs 1-9. Fig. 1. Organization of the myenteric plexus of the ascending colon � whole-mount specimen (Koelle-Friedenwald
method). Fig. 2. Organization of the myenteric plexus of the descending colon � whole-mount specimen (Karnovsky-Roots
method). Fig. 3. Autonomic ganglion in cecum � whole-mount specimen (Koelle-Friedenwald method). Fig. 4. The
submucous plexus in rectum (Karnovsky-Roots method). Fig. 5. Autonomic ganglia of the submucous plexus in rectum
(Karnovsky-Roots method). Fig. 6. Adrenergic fibres of the myenteric plexus in ascending colon (SPG method). Fig. 7.
Adrenergic fibres of the submucous plexus in transverse colon (SPG method). Fig. 8. Adrenergic plexus of the submucous
plexus in ascending colon (SPG method). Fig. 9. VACHT positive (red colour) and DßH positive (green colour) structures of
the myenteric plexus in descending colon.
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Fig. 10. Arithmetic mean and its SD of the measurements taken on the myenteric plexus of the chinchilla large intestine (N=30).


