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Abstract Intraganglionic laminar endings (IGLEs) ar¢hroughout the gastrointestinal tract, but there is as yet
special terminal structures of vagal afferent fibers and clear proof for any of the hypothesized roles as spe-
have been demonstrated in the myenteric plexus cidlized mechanosensors or local effector terminals.
esophagus and stomach. In order to quantitatively map

their presence and distribution over the entire gastrokey words Vagal afferents - Visceral afferents - Visceral
testinal tract, including the small and large intestines, \&ensation - Myenteric plexus - Enteric nervous sy:stem
gal afferents were anterogradely labeled in vivo by mi-

croinjections of the fluorescent carbocyanine dye Dil in-
to the left or right nodose ganglion of adult male rats. Imtroduction

the most successfully labeled cases the highest density of

IGLEs was found in the stomach, with about half to ongafferent nerve endings with flattened branches in contact
third of the myenteric ganglia receiving at least ongith the inner surface of the connective tissue capsule
IGLE. The proportion of myenteric ganglia innervatednveloping the myenteric ganglia of dog esophagus were
by IGLEs decreased in the small intestine; however, lfiest recognized by Nonidez (1946). The term “intragan-
cause of its large surface area this gut segment was egithnic laminar ending” (IGLE) was coined later by Rod-
mated to contain the highest total number of IGLESgo et al. (1975). Using non-specific silver staining
Both the cecum and colon also contained significankethods, these investigators further characterized the ter-
numbers of IGLEs. In the stomach, this vagal afferent iminals and established their vagal afferent origin on the
nervation by IGLEs was more or less lateralized, witiasis of an absence of staining following infra-nodose
less than 20% of labeled IGLEs found on the contralatut not supra-nodose vagotomies (Rodrigo et al. 1982).
al side with respect to the injection. The left/ventral vitowever, it was not until relatively recently that vagal
gus contributed a larger proportion of IGLEs to the proafferent fibers were directly and selectively labeled by
imal duodenum, while the right/dorsal vagus contributégjecting either tritiated leucine (Sato and Koyano 1987),
a larger proportion of IGLEs to the distal duodenum amgheat germ agglutinin-conjugated horseradish peroxi-
jejunum. Laser scanning confocal microscopy on selgkise (Clerc and Condamin 1987; Neuhuber 1987), or Dil
specimens revealed further structural details. The par@érthoud and Powley 1992; Berthoud and Neuhuber
axon typically formed two or more branches that flanka®94) into the nodose ganglia of rats and cats. Labeling
the ganglia laterally, and in turn produced numerous vagal afferent fibers with the carbocyanine dye Dil
highly arborizing laminar terminal branches that covereghs particularly useful because it can be analyzed by
one or both flat sides of the ganglion in a dome-likmnventional and confocal epifluorescence microscopy
fashion. The similar distribution patterns and structuraithout histochemical processing in whole-mounted
details suggest a uniform function for the IGLEmuscularis externa peels. Using this method, it soon be-
came clear that IGLEs are not limited to the esophagus
H.-R. Berthoud [(]) - L.M. Patterson in the dog, but are also found in the stomach (Berthoud
Pennington Biomedical Research Center, and Powley 1992), duodenum (Berthoud et al. 1995),
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glia from the overlying |ongitudinal muscle, it has been In or(_jer to produce a counterstain of_ all enteric neurons ir_l the
proposed that IGLEs may serve as mechanoreceptorsEkEFEE DBE, - Lotaale B e b o e S over night
tecting shearing forces between the two smooth mug& deprived rats 5 days before sacrifice. For details of this meth-
layers (Neuhuber and Clerc 1990; Neuhuber et al. 199%)see Powley and Berthoud (1991).

This hypothetical role seems particularly plausible for

the esophagus and the intestines, where little eviderllggue processing

for specialized vagal tension receptors in the muscle lay-

ers has been found (Neuhuber 1987 and unpublished mfliewing a lethal dose of pentobarbital sodium (120 mg/kg, i.p.),
servations). However, in the stomach, where many val jen all reflexes were absent, animals were perfused transcardial-

; ; ; ith 300 ml of cold, heparinized (20 units/ml) saline, followed
afferent endings (intramuscular arrays) are found in b H\éOO—SOO ml of phosphate-buffered 4% formalin (pH 7.4). The

the longitudinal and circular muscle layers (Bertho'*édtire gastrointestinal tract was then excised, slit near the mesen-
and Powley 1992; Kressel et al. 1994), there seems tadpgattachment, rinsed thoroughly and stored in the same fixative
no need for additional mechanosensors in the myentextid°C in the refrigerator. Whole-mounts of the muscularis externa
plexus. The presence of small clear and large dense &WIP specific locations were prepared as follows. Pieces of gut

. . . were cut with fine scissors parallel to the circular muscle fi-
vesicles in HRP-labeled IGLEs in rat esophagus adggrs. In the stomach, the pieces had a trapezoid shape with the

tionally suggested that these terminals might also relegggier parallel side of ~5 mm from near the cardia, and the longer
transmitters or modulators onto the contacted myentegécallel side measuring ~10-15 mm from the greater curvature. In
ganglion neurons (Neuhuber 1987). Alternative functiotfe small intestine and colon, pieces 5 mm wide and as long as the

: ; :circumference were cut parallel to the circular muscle fibers.
al roles may include the detection of the neurOCh(':‘m'((‘:‘l:ﬁ:The tissue specimens were then transferred into a soft black

en_Vi_ronment of, or electrical events in_the _ganglia, fiibber dish containing PBS, and, serosa down, the mucosa was
originally suggested by Kolossow and Milochin (1963).first carefully scraped off using the tip of a no. 10 scalpel blade.
To prove or disprove any of these hypotheses, dirébe submucosa was then loosened along the narrow side of the

functional manipulation of IGLEs will ultimately be necPi€ce. and peeled from the underlying muscle layers, with a no. 7
ir of curved jewelers forceps, while holding down the latter with

essary. However, a thorough analysis of distribution pg Second pair of forceps. In order to avoid tearing the muscle lay-
terns and structural details in the various gut segmegrs it is important that the direction of peeling is always in paral-
will provide the necessary data base for such functiotelto the circular muscle fibers and that the angle between the di-

studies. It is quite possible that IGLEs serve differefgction of pull and the horizontally placed piece of tissue is as
all as possible. The peels were rinsed in PBS and transferred in-

funCtionS.in .diﬁerent gL_Jt segme_nts_. In_the present St“?E!%O% glycerol in PBS and then 100% glycerol. They were final-
we quantitatively describe the distribution and local de®-mounted and coverslipped in 100% glycerol to which 5% n-

sity, as well as additional structural details of IGLB%opylgallate had been added as an antifade reagent.
throughout the gut.

Quantitative analysis and sampling strategy

All specimens were inspected with a Zeiss Axiophot epifluores-

Materials and methods cence microscope using filter combinations no. 02 (UV excitation)
for visualization of Fluorogold, and no. 15 (green excitation), for
Animals Dil, or a Leica Aristoplan microscope using filter combinations A

and N 2.1, respectively. Criteria for counting myenteric ganglia
Adult, male Sprague-Dawley$22; Harlan Industries, Indianapo-and IGLEs were as follows. The Fluorogold-labeled myenteric
lis, Ind.) and Wistar ratsE9; ZUR:SIV strain, Institute for Labo- ganglia were first visualized through the appropriate filter combi-
ratory Animal Science, University of Zurich), weighing 150-300 gation. If any group of neurons was either separated from another
were held under standard laboratory conditions (12/12 h L:D ayroup by three or more average neuron diameters, or there was on-
cle, 23 + 3°C) with food and water available at all times except theone row of more than three neurons connecting it with another
night before surgery. group, it was considered an individual ganglion. In the case of sin-

All experimental protocols used were approved by the Pegle neurons, they had to be separated by five or more neuron di-
nington Biomedical Research Center Institutional Animal Caeeneters from any neighboring ganglion (or single neuron) to be
and Use Committee. counted as separate ganglia.
Typically, individual or small bundles of Dil-labeled axons

could be followed as they coursed through the myenteric plexus,
Labeling of vagal afferents and enteric neurons giving off numerous collaterals that formed IGLEs in several gan-

glia. In any given ganglion, there could be more than one patch
Animals were anesthetized with either pentobarbital sodiuffGLE) of arborizing terminal branches. Independent of its size,
(60 mg/kg, i.p.) or a mixture of Sedalande (Delalande, 10 mg/kegch patch was counted as one IGLE if it was separated from the
and Fentanyl (Janssen, 0.2 mg/kg, i.m.) and the additional admmaxt patch by at least two diameters of the average myenteric neu-
istration of Valium (Roche, 2.5 mg/kg, i.m.). When all reflexeson.
were absent, the lefh€21) or right 0=10) nodose ganglion was  To obtain density scores (number of IGLEs per2 ah gut
exposed, and 0.1-1}4 of Dil (1,1'-dioleyl-3,3,3’,3'-tetramethyl- wall) and to extrapolate from the sampled area to the total gut seg-
indocarbocyanine methanosulfonate, 25 mg/ml in methanol, Molaent, surface areas were measured as follows. The total surface
cular Probes, Eugene, Ore.) was injected, using a Hanpiltey- areas of fundus, corpus and antrum for each rat were obtained by
ringe. The wound was closed, and, if needed, postoperative @rawing an outline of the stomach and the limiting ridge on a
included antibiotics and/or analgesics. Four to seven weeks weamsparent acetate film containing an orthogonal millimeter grid.
allowed for uptake and transport of the dye. Controls included afke number of square millimeters was counted for the total stom-
mals with prior supranodose vagotormz=@) and with ipsilateral ach and the fundus surface area. The surface area of the antrum
cervical (infranodose) vagotomp=£2), immediately following the was assumed to be 10% of the total stomach surface, while the
dye injection. corpus surface area was calculated as the difference between total
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area minus fundus minus antrum. Because of the different degtactures. Finally, some images were further processed using
of distention, these numbers varied considerably between animbitghtness/contrast adjustments and filtering algorithms. Final im-
For each animal, two peels each from fundus and corpus, and ages were then printed on a digital printer (Codonics), or photo-
peel from antrum were analyzed. The surface area of these pgephed from a high resolution flat screen (Focus Graphics).
was measured as above and expressed as a percentage of the total
surface area of the corresponding stomach segment. The average
percentages counted were: 40 + 4% for fundus, 34 + 5% for Lﬁ- |
pus, and 51 £ 7% for antrum. esults

For the duodenum, every other centimeter (50%, 10 peels) was
counted. For jejunum and ileum, the anal-most 2-cm of every Ithe dye injections were variably successful in labeling a
cm segment (20%, 24-32 peels) were counted. For the cecumapse percentage of all vagal afferent fibers projecting to

proximately 20%, and for each segment of the colon (ascendi - . :
transverse and descending), approximately 30% was peeled % abdomen. Since there is no good procedure to inde-

counted. pendently verify the completeness of Dil-labeling other
To assess a complementary aspect of innervation density, tii@n by counting the labeled fibers and terminals them-
percentage of myenteric plexus ganglia innervated by at least %%‘Wes, the results reported here are based on those injec-
n

IGLE was determined in a separate set of three animals with . . .
nodose ganglion injections. Muscularis externa peels from b s that resulted in the highest numbers of IGLEs in a

the ventral and dorsal sides of the three stomach areas inclUd&@n gut segment. We assume that in these “best cases”
more than 70% of the total surface area. In the duodenum, there than 80% of the vagal afferent fibers were success-

sampled area included the middle and distal portion, and both VRilty labeled. Based on initial counts in the gastric fun-
tral and dorsal sides. In the jejunum, 16—18 consecutive peels fzr@Ub of the 27 experimental rats with left or right nodose

the mid-portion (~10% of total jejunum), and in the ileum, 14— i N idered highl
consecutive peels (~60% of total ileum), were analyzed. The s&f1glion injections, 10 were considered as highly suc-

ple from the ileo-cecal junction comprised peels from within 1 ceessful, 10 as moderately successful, and 7 as poor.
of the junction. In the cecum, at least 50% and in the colon,@dmplete analysis was only carried out in the 10 animals
least 50% of the ascending and transverse portions were analyzgen highly successful injections. In addition, it has to be
kept in mind that the injections were unilateral, and
while for the stomach both the ipsilateral and contralat-
eral sides were inspected separately, for the rest of the
Select specimens and IGLEs were further analyzed using optigalt the entire circumference at a given level was inspect-
sectioning by means of a laser scanning confocal microsceng

(Zeiss LSM 310). Single optical sections or extended focus images ;
of up to ten optical sections, 0.5-2ufn apart, were obtained. In As can be seen from Table 1, the density of IGLEs

some cases, red/green stereo pairs were created and viewed W@ highest in the stomach and proximal duodenum and
special glasses to appreciate the three-dimensional aspect ofthien gradually decreased in the aboral direction. Almost

Structural analysis with confocal microscopy

Table 1 Density and distribution of IGLEs in the rat gastrointestinal iract

Right nodose ganglion injection Left nodose ganglion injection

Density Extrapolated Density Extrapolated Percentage of
IGLEs/cn?  numbeb IGLEs/cn?  number innervated
gangli&
Ventral Dorsal
Stomach
Fundus 199 913 92 628 46% 12%
Corpus 157 1227 124 678 31% 3%
Antrum 134 202 97 133 25% 17%
Duodenum Bilateral
Proximal 28 207 125 936
Distal 116 486 30 107 6.6%
Jejunum
Proximal 53 2246 15 578 1.9%
Distal 32 822 11 445
lleum 15 216 8 106 0.7%
lleo-cecal junction n.d. 3.1%
Cecum 6 195 12 360 1.6%
Colon 23 633 7 273 1.0%

a Based on animal with the highest number (most successful unBased on density and on measurement of sampled and total sur-
lateral injection) selected from four animals with right nodosce for stomach, and on sampled and average surface of small
ganglion injections and six animals with left injections. Note thaind large intestinal segments

this measure does not take into consideration the different extefased on animal with highest percentage score selected from
of gastric and intestinal distention three animals with left nodose ganglion injecticins



Fig. 1A-D Dil-labeled intraganglionic laminar endings (IGLEs)Stomach
and vagal afferent fiberdiight white in myenteric plexus of rat

stomach. Laser-scanning confocal microscope images of whme
mounted muscularis externa peédsSeveral IGLEs covering dif- . e : . ;
ferent parts of a large myenteric ganglion in gastric fundus (nélanglion injection resulted in a slightly higher extrapo-
rons can be recognized by faintly greyish cytoplasm and dark tated number of labeled IGLEs on the dorsal side than

clei). According to criteria described in the methods, a total nugfye best left nodose ganglion injection did on the ventral

the fundic part of the stomach the best right nodose

ber of six IGLEs can be distinguishedriowhead$. Note that ide (Table 1, Fig. 1). From the separate analysis assess-
there are at least two separate labeled axons entering the gangﬁon ! o

The arrow points to the IGLE shown at higher magnificatiordn 1Nd the percentage of innervated ganglia following left
B Three IGLEs in two ganglia of the gastric corpGs.D Higher nodose ganglion injection, it can be seen that almost half
magnification extended focus images (five optical sectionsnl of the ganglia on the ventral side but only 12% on the
apart) showing the profusely arborizing laminar structure of 1Grorsal side received at least one IGLE. Assuming that
Iéggd%;tgelggﬂmqg %Saﬂr?];fs%dousg)' Bar in D represents  ahout the same proportion of ganglia on the ventral side
also receive IGLEs from the right nodose ganglion, the
complete bilateral innervation of both sides would
half of the myenteric ganglia in the fundic stomach coamount to at least 1,710 IGLEs [(913+628)+11%)].
tained at least one IGLE (Table 1), while only a small In the gastric corpus, the best right injection resulted
percentage of the ganglia was innervated in the jejuniimalmost twice as many labeled IGLEs on the dorsal
and further aboral. However, because of the large surfatge than left injection did on the ventral side (Table 1,
area of the jejunum, the extrapolated number of IGLE#. 1). IGLE innervation of the corpus was almost com-
in this gut segment was even higher than for the stoptetely lateralized, with about every third ganglion being
ach. The best right nodose ganglion injection resultedimmervated by at least one IGLE on the ipsilateral side
higher densities and extrapolated numbers of IGLEsand only 3% of innervated ganglia on the contralateral
all gut segments, with the exception of the proximal duside. The total estimated number on both sides of the
denum and the cecum. corpus amounted to at least 1,962 IGLEs.



Fig. 2A-E Dil-labeled IGLEs in myenteric plexus of rat duodemarily IGLEs in the distal part (Table 1). This differen-
nam. Q}EOE igu(séfrgswﬁggdu;gfrﬁﬁs (':g'r';]EISetztC'icr’geé“agg;‘:lcﬁgontial labeling from the left and right nodose ganglion was
optical sections, 3im apart throug% IGLE indicated B (arrov%). also obser\_/ed_ln the less completely Iabeled cases. In the
Section inC is near circular muscle layer and shows labeled axoR€st left injection, 6.6% of the myenteric ganglia across
flanking ganglion. Section i is at level of myenteric neuronsthe entire duodenum received innervation by at least one
(asterisk$. Section inE is near border with longitudinal muscle|GLE, and assuming a similar contribution from the right
layer. Bar in E represents, B 400pm; C-E 100pum nodose ganglion, the real percentage of ganglia innervat-
ed must be close to 15%. Furthermore, although not
a@easured in this study, this percentage is likely to be
gsiderably higher in the proximal duodenum. There
s poor lateralization in the duodenum, since for any
pilateral) injection, IGLEs were not confined to the ip-
ijateral side of the duodenal wall, but rather were found
1 equal numbers on both sides. However, most labeled
LEs were concentrated near the mesentery attachment
and rarely seen near the antimesentery pole (Fig. 2).
Examples of labeled IGLEs in the jejunum and ileum
Small intestine are shown in Fig. 3. As was the case for the distal duode-
num, the best right nodose ganglion injection resulted in
Examples of Dil-labeled IGLEs in the duodenal myemigher numbers of labeled IGLEs than the best left injec-
teric plexus are shown in Fig. 2. In the duodenum, ttien throughout the length of jejunum and ileum (Ta-
best left injection labeled primarily IGLEs in the proxible 1). More than three times as many IGLEs were la-
mal duodenum, while the best right injection labeled pkieled in the first 30 cm of the jejunum in the best right

In the pyloric antrum, the total number of IGLEs w
considerably smaller because of a much smaller surf4@
area. Lateralization was much less pronounced, w
about every fourth ganglion being innervated by at le
one IGLE on the ventral (ipsilateral) and about eve
sixth ganglion on the dorsal (contralateral) side (
ble 1).



Fig. 3A—E Dil-labeled IGLEs in myenteric plexus of rat jejunumduced several collaterals that each ended in an IGLE
(A-D) and ileum(E). A Single labeled axon producing four 'G'gFig. 3)
t

LEs in three rows of ganglia in proximal jejunum (J20). Note th . S
portions of ganglia not covered by IGLEs can be recognized bﬁ( Based on the results from the best left injection, a

the faintly greyish cytoplasm and dark nuclei of neurarsop-  Sfightly higher percentage _Of ga}nglla was 'nner\_/a'ted by
head$. B-D Higher magnification of individual IGLEs seenf |IGLES near the ileocecal junction than in the jejunum
(arrows). In C and D, thin single optical sections through samgnd jleum (Table 1).

IGLE at two different horizontal levels are shown. At the level of

the enteric neurons [recognizable by the dark empty spaces of the

nuclei @rrows)] in C, the varicose axons are flanking the ganglion . .

laterally, while at a level just above the neuron®jrthe laminar Large intestine

endings lie on top of the neurorsFamily of six IGLEs in myen-

teric plexus of ileum, originating from single afferent vagal fibeMany IGLEs were also found in the myenteric plexus of

Barin E representd 350um; B 180um; C, D90um; E 400um  1he cocum and particularly the ascending and transverse
colon (Table 1, Fig. 4). While in the cecum, the best left
injection labeled more IGLEs than the best right nodose

injected animal than in the best left injected animal. Thanglion injection, the reverse was the case in the colon.

real (bilateral) percentage of innervated ganglia is the@ther characteristics of the local distribution pattern

fore likely to be considerably higher than the 1.7% amgkre similar to those in the small intestine.

0.7% for jejunum and ileum, respectively, obtained with

the best unilateral left injection. As was the case in the

duodenum, most IGLEs were closer to the mesentery Sfructural details

tachment than the antimesentery pole. Typically, a single

labeled fiber left a small nerve that ran parallel to afthere was a large variability in the size of individual 1G-

near the mesentery attachment, and entered the myeri€s both within and between the different gut segments.

ic plexus, turning more or less in the direction of the cisome IGLEs covered only one enteric neuron, while oth-

cular muscle. Then, usually within less than half the diets covered entire large ganglia consisting of 30 or more

tance to the antimesentery pole, the single axon pneurons. However, the basic structure was quite similar,
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Fig. 4 Dil-labeled IGLEs in myenteric plexus of rat cec@f-F)
and colon(G, H). A,B Vagal afferent axon forming IGLE in body
of cecum. In the higher power extended focus (five optical SF}?-

Discussion

tions, 1um apart) imageR), myenteric neurons can also be see¥adal afferent IGLEs are distributed throughout the my-
with faintly greyish cytoplasm and dark nucl€iCircular labeled enteric plexus of esophagus and gastrointestinal tract,
axon forming several IGLEs, one of thearrpw) shown in detail and represent the most prominent terminal structures of
n 'CDéCEuip'&%L‘Z‘f]?;ﬁ%;%%g:%rﬂﬁgg'é?rrl‘J g'gégvbi'h“ompaet”%gal afferent fibers. Although the density of such struc-
higher pdwer inF. G Group of three IGLEs in transverse colontures gradual_ly decr.e‘.ases frpm .Oral to abo_ral, the abso'
one of them grrow) shown at higher power iH. Bar in G repre- [Ute number in the jejunum is higher than in the entire
sentsA, C 350um; E, G 275um; B, D, H 90 um; F 35 um stomach. There are few structural differences between
IGLEs in different gut segments, suggesting that they

) may serve a common function.
no matter whether small or large, or in what gut segment.

The basic structural elements consisted of: (1) a relatw'th doloaical iderai
ly large diameter parent axon that often bifurcated at ghodological considerations

entry to a ganglion, the two branches flanking the periMhe raw counts and extrapolated numbers of IGLEs were

eter of the ganglion; (2) fine branches leaving the paréaised on the animal with the highest count for a given

axon(s) in a more or less vertical (in relation to the hogut segment, rather than group means. Considering some
zontal plane of the plexus) direction; (3) profusely asf the methodological shortcomings, these numbers can
borizing laminar endings that covered the neurons of #ebest be estimates. One of the problems is complete-
ganglia on either one or both sides, in close contactnisss of labeling and the lack of an independent valida-

the surrounding connective tissue capsule (Figs. 2 C+4ibn method. Using the same injection technique and vol-

3C,D). ume of tracer can result in widely disparate labeling. The

main reason for this poor reproducibility is likely to be
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the toxicity of the 100% methanol or ethanol vehiclewo markers that are often found in rapidly adapting
Very small injection volumes would tend to produce lessechanosensors (Duc et al. 1993).
cell damage; however, they might result in incomplete A chemoreceptive function, however, cannot be ruled
labeling. There is only a weak viscerotopic organizati@ut. The question is what chemicals may be detected?
within the nodose ganglia, with a tendency of the distince the majority of the laminar endings are on the sur-
gut to be represented more caudally and the upper gace of the ganglia and are therefore not in perfect regis-
tions more rostrally (Altschuler et al. 1989). Because w@fr with the neuropil surrounding the lateral spaces be-
this considerable overlap, a successful injection usudlyeen neurons, they may not receive many direct axonal
labels a high percentage of fibers everywhere, and a pioguts. It seems more likely that certain substances such
injection labels few fibers throughout the gut. as neuropeptides or 5-HT may act on IGLEs in a para-
Unfortunately, there is no procedure to verify the sucrine fashion. Direct proof of such hypotheses will be
cess of an injection, other than assessing peripherald&remely difficult to come by, because it would require
beling of terminals. Because of the very high fluorean in vitro preparation with recording from identified
cence in the labeled ganglia, it is not possible to coypte-labeled) vagal fibers that terminate in an IGLE.
the proportion of labeled perikarya. An assessment of theThere is also some evidence that IGLEs can have lo-
density or intensity of labeled central processes in tte&l effector functions by releasing neurotransmitters
nucleus of the solitary tract can also provide only a relnd/or neuropeptides. Ultrastructural analysis of esopha-
tive measure of success, and would never reveal the geal IGLEs revealed the presence of small clear and
portion of labeled afferents. Therefore, selecting the aséme large granular vesicles, numerous mitochondria,
mal with the highest count for a given area seems to pand synaptic thickenings near enteric neurons (Neuhuber
vide an estimate that comes closest to the real numbeetoél. 1995). It is now widely accepted that dorsal root
vagal afferents. ganglion afferent neurons produce multiple axon collat-
Another potential source of error is in the criteriarals with some of them releasing neuropeptides such as
used to classify a terminal structure as IGLE and distBubstance P and calcitonin gene-related peptide as part
guish it from a neighboring one. Since, at present, wklocal axon reflexes (Holzer 1994). In analogy to this
lack any criteria of what constitutes a functional unit, wsystem, it is conceivable that vagal afferents can function
used strictly structural criteria. Changing these critelim a similar manner. We have shown that in the gastric
only slightly would clearly change the numbers countedundus individual vagal neurons produce axon collaterals
terminating both in IGLEs and in intramuscular arrays
(Berthoud and Powley 1992), thus providing the neces-
sary pathway for axon reflexes. It is also likely that col-
The widespread distribution of IGLEs in the myenteriaterals to the mucosa may participate in such reflexes;
plexus documented in the present study is truly intrigiiewever, this speculation awaits anatomical confirma-
ing from a functional perspective. What are these strdion.
tures doing there? Do they have a chemo- or mechanoreh the gastric fundus, we have started to look at what
ceptive function, a local effector function, or both? Thetgpes of enteric neurons are in closest contact with IG-
is no direct evidence for any of these possibilities. LEs (Berthoud 1995). One type of enteric neurons that
Maybe the strongest argument can be made foreaeived frequent contacts were NADPH-diaphorase pos-
mechanoreceptive function, as originally proposed Hive, nitrergic neurons. Since most of these neurons pro-
one of us (Neuhuber 1987). In the esophagus, very f@at almost exclusively to the circular muscle layer and
vagal afferent endings can be found in the striated maan be considered inhibitory motor neurons, we have
cle layer, and since vagal afferents respond stronglysteggested an axon reflex originating at intramuscular
esophageal distension (Andrew 1956; Andrews and Laegsion receptors and ending with IGLE-mediated activa-
1982; Clerc and Mei 1983; Sengupta et al. 1989), ittisn of relaxatory nitrergic motor neurons (Berthoud
reasonable to implicate the prominent IGLEs in thi®995). It remains to be determined if this relationship is
function. Except for the fundic stomach, intramusculareferentially with nitrergic neurons or also involves oth-
vagal endings are quite rare throughout the small agrdtypes of enteric neurons, e.g., excitatory cholinergic
large intestines, and the same argument could be madenes.
above for the esophagus. Recent ultrastructural and |A'(ﬁ('nowledgements We thank Jack Evans for technical help and

tochemical studies lend further, albeit indirect, supp@bn Bouchard for photography. The project was supported by Na-
for a mechanoreceptive role of at least esophageal ti@naal Institute of Health grant DK 47348.

LEs. The laminar or filamentous endings of IGLEs are

located mainly on the surface of myenteric ganglia irﬂéferences

mediately beneath the basal lamina, and they interdigi-
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