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Abstract

The myenteric plexus of the digestive tract of the wild m@ademys Key words
callosuswas examined using a histochemical method that selectivelityenteric plexus
stains nerve cells, and the acetylcholinesterase (AChE) histochemic@lild mouse
technique in whole-mount preparations. Neuronal density was 1,500G/omys callosus
116 neurons/cA{mean + SEM) in the esophagus, 8,900 = 1,518 in thévorphometry
stomach, 9,000 + 711 in the jejunum and 13,100 + 2,089 in the coloh!istochemistry

regions was statistically significant. The neuron profile area ranged
from 45 to 1,100 pfa The difference in nerve cell size between the
jejunum and other regions was statistically significant. AChE-positive
nerve fibers were distributed within the myenteric plexus which is
formed by a primary meshwork of large nerve bundles and a secondary
meshwork of finer nerve bundles. Most of the nerve cells displayed
AChE activity in the cytoplasm of different reaction intensities. These
results are important in order to understand the changes occurring in
the myenteric plexus in experimental Chagas’ disease.

Introduction to our knowledge no information is available

concerning the myenteric plexus of this ro-
Calomys callosus a wild, native forest dent.

rodent commonly found in South America In the present investigation we describe

and described in Brazil as harborifiypan-  the myenteric plexus of the digestive tract of

osoma cruzi(1). Laboratory infection of Calomys callosugilemonstrate the presence

Calomys callosusesults in a much lower of acetylcholinesterase activity (AChE), and

parasitemia and mortality than seen in micguantify the number of neurons and the areas

(2). Therodent is similar to the mouse, ex-of the neuron profiles of the plexus. These

cept for a shorter tail and grayish brown furdata will be used in future investigations on

Size and weight are also comparable to thogbe effects of experimental cruziinfection

of mice during the first two months afterin the myenteric plexus.

birth while weight gain is greater from this

age on, reaching a maximum weight of aboutaterial and Methods

40 g (2). Although some aspects of the biol-

ogy of Calomys callosubave been studied, = Seven adult maleCalomys callosus
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weighing 30 to 35 g were used in this studying the circular fragments under a binocular
The animals were sacrificed with an overmicroscope at 400X magnification. All neu-
dose of ether and the following regions ofons present in the circular fragments were
the digestive tract were removed and washatbunted. The profiles of 300 nerve cell
in Krebs solution (3): the distal part of theperikarya for each segment of the digestive
esophagus and stomach, and portions of thact were outlined on drawing paper using a
jejunum and distal colon approximately 4camera lucida attached to the microscope. The
cm in length. areas of these nerve cell bodies were calcu-
Each piece was then ligated with cottorlated using a digitizing pad. The data were
thread at both ends and gently distendeahalyzed statistically using the non-parametric
with Krebs solution introduced with a sy-Kruskal-Wallistest (4). For histochemical dem-
ringe at one end. When the material waenstration of acetylcholinesterase activity, the
sufficiently distended, the syringe needle wa&lirect coloring” copper ferrocyanide method
withdrawn and the ligature was simulta{5)was usedin freshtissues prepared as whole-
neously tightened. After incubation in Krebsmount stretch preparations.
solution at room temperature for 15-30 min,
the segments were transferred to a permeResults
bilizing agent (0.3% Triton-X 100 in Krebs
solution) for 15-90 s and then submitted to Rualitative observations
changes of Krebs solution for a total of about
10 min. The pieces were then incubated for The myenteric plexus of the esophagus
30-90 min at 2&C in 20 ml incubation medi- of Calomys callosusontained small ganglia
um containing 0.5 mg/ml nitro blue tetrazo-with elongated or pear-like neurons with an
lium (Sigma Chemical Co., St. Louis, MO)eccentric nucleus, fusiform in profile and
in distilled water (25 parts), 0.1 M sodiumscattered throughout the organ (Figure 1A).
phosphate buffer, pH 7.3 (25 parts), distilled_arge, elongated ganglia with neurons packed
water (50 parts) and 0.5 mg/ml B3-nicotinain a characteristically tight fashion were ob-
mide adenine dinucleotide (reduced formyerved in the stomach (Figure 1B). In the
(3). jejunum and the colon the pattern of the
The development of the reaction wasplexus was remarkably regular with long,
monitored under a dissecting microscopénin ganglia, the long axes of which laid
and stopped by immersion of the pieces iperpendicular to the circular muscular layer
10% buffered formalin solution in which (Figure 1C,D).
they were fixed for a minimum of 24 h. The pattern of cholinergic innervation
Whole-mounts of the pieces were therwas generally similar in the stomach, je-
prepared as follows: the segments werginum and colon. The histochemical identi-
opened, the mucosa was removed and tlfieation of AChE showed that the myenteric
longitudinal muscle, with the myenteric plexus consisted of a primary meshwork of
plexus attached, was lifted at one corner anelatively large nerve bundles within which
gently removed from the entire strip. Aftera secondary meshwork of finer nerve bundles
several washes in distilled water, three cirwas present (Figure 2B-D); the cell bodies
cular fragments (12.56 nfjrwere obtained occurred in the nodes of the meshwork. Most
from each portion of the digestive tractganglionic neurons stained intensely for
mounted in glycerol on a microscope slideAChE while a few stained only moderately.
and sealed with Entellan (Merck). Some nerve bundles arose from the second-
The number of neurons and the profilesary meshwork of the plexus to form a fine
of the nerve cells were obtained by examinplexus branching throughout both muscle
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Figure 1 - Histochemically
stained myenteric ganglia
from Calomys callosus. A,
. Esophageal ganglia. Note
the striated musculature
of the esophagus (arrow).
B, Large ganglion from
the stomach. Note the
variation in neuronal size.
C, Large ganglion from
the jejunum showing a
.~ densely packed cluster of
neurons. D, Ganglion
from the sigmoid colon.
Note the variation in the
intensity of the reaction
among the neurons. Scale
bars = 20 ym.

coats. The circular muscle was richly innerage neuron size was 297 + 11 3um the
vated with AChE-stained nerve fibers whileesophagus, 290 + 10 @rm the stomach,
the longitudinal muscle layer showed arelai79 + 4 urdin the jejunum and 206 + 5 jgm
tively moderate innervation. The plexus ofin the colon. Statistical analysis indicated
the esophagus was quite different from thoshat the mean area of the neurons in the
in the stomach and intestine; the neurongjunum was different from those of the
showed high AChE activity while the nerveesophagus, stomach and colon; no differ-

bundles did not stain (Figure 2A). ence in mean neuron area was observed
between the esophagus and stomach. Most
Quantitative observations neurons had neuron profile areas of 108 pm

to 300 urd, as shown in Figure 3.

The spatial density (mean + SEM) of
neurons is shown in Table 1. Neuronal derDiscussion
sity was 1,500 + 116 neurons/¢nim the
esophagus, 8,900 + 1,518 in the stomach, Wild rodents are natural reservoirs of
9,000 = 711 in the jejunum and 13,100 £Trypanosoma cruziMello (6) was the first
2,089 in the colon. The difference in neuto study the biology of the wild mouse
ronal density between the esophagus and tigalomys callosysnd since then this animal
other regions of the digestive tract was statispecies has been used in experimentsiwith
tically significant (P<0.05). cruzi (2,7,8). In order to understand the

The maximal cellular profiles (cell sizes) changes occurring in the myenteric plexus in
in the digestive tract dalomys callosuare experimental Chagas’ disease, information
shown in Table 1. Neuronal sizes rangedbout their detailed structure in the normal
from 45 pni to about 1,100 umThe aver- state is required.
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Figure 2 - Stretch preparation
from the muscle layer of the
esophagus (A), stomach (B), je-
junum (C) and colon (D) showing
the myenteric plexus. Cholines-
terase method. A, Intensely
stained neurons (arrows). B-D,
The plexus consists of a primary
meshwork of thick nerve bundles
(arrows) and a secondary mesh-
work of finer bundles (arrow-
heads). In the primary mesh-
work, the nerve cell bodies oc-
cur mainly at the nodes of the
plexus. Note the variable inten-
sity of nerve cell staining. Scale
bars = 40 ym.
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Table 1 - Number and size of myenteric neurons
from the digestive tract of Calomys callosus.

Data are reported as mean + SEM. The neuron
cell profile area was evaluated in 300 nerve cell
perikarya for each segment. See Figure 3 for dis-
tribution of cell areas. *P<0.05 compared to the
other groups.

Neuron density  Neuron cell profile

(per cm?) area (um?)
Esophagus 1,500 + 116* 297 = 11
Stomach 8,900 + 1,518 290 + 10
Jejunum 9,000 = 711 179 = 4
Colon 13,100 = 2,089 206 + 5

L.B.M. Maifrino et al.

The present investigation showed that
the nerve cells present in the digestive tract
of Calomys callosuare aggregated into gan-
glia, resembling those observed in other ro-
dents (3). With the exception of the esopha-
gus, the neurons are gathered into long cords
which fuse into one another, lacking a clear
demarcation into ganglia. In each portion of
the digestive tract, the plexus has a charac-
teristic pattern which is reproduced faith-
fully in different individuals and in different
parts of the gut of the same animal, a clear
indication of the existence of precise mecha-
nisms regulating the morphogenesis of the
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plexus (3). The pattern of the myenteric The size of the myenteric neurons in

plexus inCalomys callosuss not different mice has been investigated in previous stud-
from that of other rodent species. ies (3,12). InCalomys callosyshe myen-
The spatial density of the myenteric neuteric perikarya cover a wide range of sizes
rons varied in different parts of the digestiveand this is true for all four portions of the gut.
tract ofCalomys callosusThe highest aver- The present study shows that the range of
age neuronal density was found in the colorizes was greater@alomys callosuhan in
(about 13,100 + 2,089 neurons per?ash mice. A population of small neurons was
serosal surface), a value that is substantiallyresent in all four portions of the digestive
lower than the only other measurement avaitract, while the largest myenteric neurons
able in the literature for the mouse (9). In thevere larger in the stomach than in the esopha-
esophagus, the neuronal density was abogtis; and those in the esophagus were larger
1,500 + 116 neurons/éhand in the stom- than those in the jejunum and colon. At
ach, 8,900 +1,518. There are no other coungsesent, it is not clear whether the variation
on this species in the literature. A neuronah size within the population of myenteric
density similar to that of the esophagus andeurons reflects different functional special-
stomach oCalomys callosus found in the ization, or differences in the extent of the
guinea pig (10,11). The value obtained foterritory of innervation (13).
the small intestine @@alomys callosu®,000 Using the acetylcholine method, strong
+ 711 neurons/cA) is much lower than that AChE staining was observed within the
cited for the mouse (9) but similar to thatperikarya of the myenteric plexus in the
published by Gabella (3). gastrointestinal tract o€alomys callosus
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Figure 3 - Distribution of
nerve cell profile areas of my-
enteric neurons from differ-
ent regions of the gut of
Calomys callosus. Most neu-
rons have nerve cell profile
areas of 100 pm? to 300 pm?2.
N = 300 cells measured for
each region.
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The majority of ganglion neurons stainechergic nigrostriatal neurons (20). Further-
intensely for AChE. Nerve fibers stainingmore, neuronal AChE activity and immu-
for AChE were also observed in the longitunoreactive peptide varicosities have been
dinal and circular smooth muscle layerssimultaneously demonstrated in the myen-
This finding is in agreement with those reteric plexus (21).

ported for the gastrointestinal tracts of sev- The results of the present study show that
eral mammalian species (12,14-16). The prethie myenteric plexus of the digestive tract of
ence of AChE activity suggests the cholin-Calomys callosusontains a large number of
ergic nature of these neurons although AChEaerve cells of different sizes and with differ-
positive neurons need not necessarily bent AChE activities. These results and the
cholinergic since adrenergic and non-chodistribution of the cholinesterase-positive
linergic neurons may also display AChE posifibers in the myenteric plexus @alomys
tivity (17-19). In fact, non-cholinergic func- callosus conform to the general pattern of
tions of AChE have been demonstrated igastrointestinal innervation demonstrated for

the brain; AChE is also present in dopamimammals, particularly for mice.
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