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I. INTRODUCTION

TLWLM _ fiC——A—LLG‘IA

For the purpose of showing thelpecullar organlzatlon and function i

—— e ———————— r_»——«‘ -

of the ruminant oesophagus, authori;studledvtheunerve supply of the!

tube from the standpoint of morphology.

The oesophagus is a musculo-membranous tube being extended among

4.0, -‘,_.._;_,)i

pharynx and stomach, and it shows:some differences . 'in the functions:of

{
|
i
|

\ tube between mono gastrlc and rumlnants each -other.::. In-the mono-gastrlc

. R . e e

|

\

animals there is only a main movement propelling the food:from the_mouth

to.the stomach. However the oesophagus of- rumlnants, in-addition to the

e e e g gy et 2 < e e ~omn gy e gt v e i e 2 e
N A - (e

primaryﬂdeglutibion has the special function for involuntary rumlnation
of the food once intaked in forestomach arised by the componnd reflexion.
These difference of the function of tube is caused by the structure of

walls in the mono-gastric animals and ruminants.
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Anatomical structures. of the oesophageal muscle are: quite differed

74
from:that of the-skeletal muscles,. as described: by: E.LAIMER (1883)">

140)

J KAWAHARA: ‘(‘192&1):,’71) M:WEBER (1927)!7% S.SCHUMACHER (1927);’

‘ SLEURA (1930)) .W.ELLENBERGERet H.BAUM:(1932),*)  E. PERNKOPF -

Lﬁet J .LEHNER (1937)"") s szsson et] J.D. GROSSMAN (1959)'%) etc. that the | - i

outer and inner’ muscle bundles, as a rule, are arranged spirally or
elliptically)intercrossing dorsally and ventrally to the tube. Recently,
T MATSUI (1960) )found the presence of the remarkably corresponded
muscle bundles (system) connecting the adjacent muscular layers in the

mammalian oesophagus. T JFUJITA (1960) described that this system is

O S S O O U S P, SRS
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the\ structurerof” conducting 1mpu1se ‘which is 1mportant for- carrying

l
on!an orderly peristaltic movement of the digestive canal wall.

L

In addition to such 1nteresting anatomical findings of the muscularis
of oesophagus the construction of muscularis in the ruminants varies ,

from that of the mono-gastric animals. That 1s, in the oesophagus of
rm°n°‘8a3tri° animals) the muscular coat is consisted of the cross‘m

: .,',-3..5»1 i S S RO “ ’,' rai, -fa":»-.- f f‘r 1 et E

striated muscle in the upper half ortion while of the smooth muscle

U Y ,~., ---..;.-.1—,:..',

:However, in the ruminants the

rin the lower half portion of’the:tube.ry

-f : «--e , m-. . '\',»\p',f

-muscular coat of whole oesophagus is constructed with the striated |
muscle. Author thinks that such appearance of functlon would be

closely related to the constructive peculiarity of muscularis. In the g
PP SRV SN

contraction of the muscularis of ruminant oesophagus there is a;phys1olo-A

T

gical function differed from that of the mono-gastric animals.



The innervation'of.the oesophagns of'mono~gastric animals (horse,
pig, dog, cat, rabbit mouse, marmot, monkey and human belng) have
~ been studied by L. M.De WITT (1900) 2 N.P.sABUSSOW (1913)/ R. GREVING
(1931a) #3) m SHIBA (1928)’.”)_'13.Is51KI (1928),"” B.J .LAWRENTJEW (1928a
and b)'7)'"? T.KURE et al. (1929) 7 K.HARTING (1934) ¥ H,SETO (1940)'#®
M.ISHIZAWA (1936)$% S.KIN (1937) 77 G.OTTAVIANI (1938);% T.KURE et al.
(1939) 7 S.NOSE (1939) ¥?> T .SADA (1942),’30 $ .FUKUYO (1943) 2 Ph.
STOEHR (1949) *® S.OKINAKA et T.NISHIMOTO (1951) %) ‘A.0TSU (1953) %
N.TANAKA (1953) 5% G.SUGAMATA (195_5) #3 . YAMAMOTO (1960) 1" S.KAWATA
et al. (1962a),™) etc. anatamicail;,?, neuro-histologically, histo-
chemically and physiclbgically.} They have'descrihed the distribution
of the’autcnomic, sensory and moter nerve terminations in the striated
and smooth nuscles individnall& and synthetically. . On thelother hand,
the muscularis of ruminant oesophagus consisting of the cemplete striated
muscle have been studied a little neuro-morphologically, in spite of
the oesophageal muscle in- mono gastric animals mentloned above and the
-intramuscular nerve- supply and termination in the limb muscles has been

, fully studied by many researchers. The nerve supply of the ruminant

oesophavus (sheep and goat) have been described byIA CHAUVEAU etls

ARLOING (1873), I.vAUGHAN (1908)'* w. ELLENBERGER ot H. BAUM (1932) 2P

S .SISSON et"J D. GROSSMAN (1959)""’) Y. KATO (1961) 70 S.KAWATA et al.
- (1961) .”5> S .KAWATA et al. (l962a) 74) S.YAMADA et al. (1962)7*) H.KIMATA

et al. (1962) %2 S,YAMADA et al. (L96h)'7;>etc.. However, the histo-



logical studyron the innervation of the cattle oesophagus have been
reported_only by S.KAWATA-et al. (1961).7®) There are never seen any
descriptions of the distribution of the autonomic nervous system in the
cross_strieted musole, except some reports of the sensory and moter “
innervation in the whole‘oesophagus; Namely,'they did not prove

the biological peculiarity as oesophageai striated muscle differed
from the general limb muscles.

Author supposes that the muscularis of ruminant oesobhagus have

the characteristics as so-called visceral striated muscle resembling

to;the ocular and ear-ossicle muscles, as described by A. S DOGIEL (L906)xu
L0 _

J .BOEKE (1909, '27)!% N.p. SABUSSOW (1913)’”’ 1. IWA.NAGA st ai_'“(i'éés) B.J.W‘
20) 101) T

LAWRENTJEW (l928a and b) R. GREVING (l931b)¢$) pP. A BERLENDIS et al.
(1955) 2 D.W. BU’RNASCHOWA (1963) ) 1. NOJIRI (1963)ns> C.E.BLEVINS
(1963, '64)4)2> and the others, from the reason that it belongs to

so~called v1sceral organ system, and then in the present research

author tried to cégfirmlthe pecuiiarity'of innervation in the oesophaeeai
muscle differed from the musoles in torso end limbs, which Wiil be
described later. The oesophagus of ruminants was represented by the
tube of cattle in thls study. .

Moreover, in the rum1nant4oesophagus the oesophageal papilla is
formed on the surface of the mucous membrane of the pharyngeal end of

168) 162)

‘tube, (H.WAKURI st al., 1961, '62) while it is not. formed in the

mono-gastric animals. THe'nerVe supply of such papilla of the ruminant



oesophagus havg been never investigated by thé predécgssors.

' Tﬁis»time, authoriééééyed individually and systhetically the ana-
tomical and histological features of the nerve supply of thé cattle
oesophagus. In this'paper,author is intending to describe the findings
on the distribution of supplying nerves, féétures as so-called visceral
- striated muscle, movement of'muscularis, proprioception. etc. in the
cattle oesophag?s in detail, including the nerve supply of the oesophageal
papilla of the cattle. v |
| ‘The outlines‘bf Ehis study were already readvafvthe 57th and 58th

meetings of the Japanese Society of Veterinary Science.

 II. EXPERIMENTAL MATERIALS AND METHODS
1. EXPERIMENTAL MATERIALS

The materlals used for a systematic macro-anatomy of the supplylng
nerves of the oesophagus were four cows of about 8 month to 2,5 years
aged after blrth whlch were kept for experiment‘at thg»veterlnary
anatomical department‘of the Azabu Veterinary College.

For the néurd;histological‘observafions of the nervé'éupply of the
oesophagus, the materlals totaled to 25 cases which were collected from -
- the Shlbaura— and Nlltsu-01ty Slaughter House and Atsugl s Dairy Electric
‘Center, 1nclud;ng calves, young and adults. In the purpose to show

the characteristic of the tube innervated mainly by the recurrent nerve,



the hiStological specimens were cut out_non-selectively,from every parts
in the upper half of oesophagus sagittaly, transversally and horizontally.
Moreover, each specimens of the Vagus' recurrent and sympathetic nerves
were cut out at the level of about upper, middle and lower portion of

neck and bottom of heart respectively.

2. EXPERIMENTAL METHODS
a) Methods of the macroscopicai obserVation

The macroscopical observation of the supplying nerves of the_

‘ oesophagus was firstly beginned to ascertain the origin of the vagus
nerve, then it was proceeded to the branches derived: from the vagus
nerve in the guttural portion, the relationship between vagus and
superior cervical ganglion, the returnlng way of the recurrent nerve,
etc, in detail. Such observations of the supplyingvnerves of tube
were carried out with the nackedLeye. A{Butisometimes’the magnifying
glass wasvused at the practicai need, as the vaéns‘nerve mingles

compllcatedly with the branches furcated from the glosso—pharyngeal

and hypoglossal nerves at the ventral s1des of the cranium.
b) Methods of the neuro-histological observation

Fixation : Materials cut from each cases were ronghly fixed with
10 per cent neutral formol solution or 95 per cent alcohol for two

weeks or more. The tissue specimens were carafully cut out non-selec-



tively from the provisionally fixed materials, and refixéd for 48 hours

or more with the fresh fixative. - D. BODIAN (1936)) described that the

formalin fixed materials are generally susceptlble for the 51lver 1mp-:”<w:ﬁ:
pregnation, as well as materials fixed with the_CARNOY's alcohol-chlorq-
férm-acetic acid mixture. Thé éxcellent fact of 10 per cent formalin

had been advocated by B«REXED (1948)'%0 Accordingly, the most of

materials were flxed w1th 10 per cent neutral formol solution for BODIAN's
’“"*"‘N
silver protargol method and FLETCHER's myelin technique. The alcohol
fixedvmaterials were used for CAJAL's silver impregnation method.
Embedding and Cutting ¢ All the tissue specimens were dehydrate

with alcohols and then embedded in paraffin. Sectiona were serially

cut vértically or transversally towards fhe'long axis of the tube with

mlcrotome into 15 to 20 micron thick. For the observation of the inter-
muscular~and submucous plexuses, those were sliced horizontally or
obliquelly.

Staining : The sections were stained mainly wiﬁh BODIAN's silver

protargol method, the type II method of CAJAL and FLETCHER's myelin

technique. The outlines of each techniques are as follows.

(1). BODIAN's silver protargol method (D.BODIAN, 1936, 37)P P
i\
l) Remove the paraffin with xylol and run sections through absolute -

alcohol and 95 per cent alcohol. Wash in the distilled water.
42) Treat sections of formalin fixed materials for about 24 hours

in a solution of 5 per cent glacial acetic acid. Wash in the distilled



water.

3) Place the sections in'one per cent protargol solution containing

i

4 to 6 grams of metalic copper ier 100 c.c. of solution ; 12 to 48 hours
at 37°C. Wash in the distilled water. Use fherprotargol solution
only once.

4) Place in reducing solution (below) for about 10 minutes;

1 granm _ hydroquinone |

5 granms sodium sulphite

100 c.c. - distilled water
Wash throughly in the distilled water.

5) Tonerin a solution'of one per cent gold chloride, containing ‘

3 drops of glacial acetic acid per 100 c.c. of solution 3 5 to 10 minutes.
Section have a light purple color. This treatment is always ﬁeccessary.
Wash in the distlled‘water,

If sections do not have a regular color, place in 2 per cent oxalic
,acid,.until entire sections has é definife pufplish color. Time is
usually 5 to 10 @inufes.ﬂ -Wash in the aisﬁlled water.

6) Remove residual éilver;salts with solutioniof 5 per cent sodium
thiosulphite 5 5 to 10 minutes..‘ Wash throughly in thgzzgggilled water.

PRSP .

7) Dehydrate With alcohols, and mount in the balsam.

(2).v Type II silver impregnation method of CAJAL (T.MIZUHIRA,,l959Yﬁ)
1) Remove completely the’alcohols of élcohol fixed tissue specimens.

Do'nt wash witﬂ the water.

2) Place the specimens in a solution of 5 per cent silver nitrate

- 10 -



(AgNosz) for about 7 days at 35°C (dark)
3) Wash in the distllled water for about 2 mlnutes.v

4) Place in reducing solution (below) for about 24 hours.

2 grams ' hydroquinone
100 c.c. . distilled water
5 to 10 c.c. formalin

5) Dehydrate with alcohols,%embedded in-paraffin,; and-serial: sections.

'6) Fixing, and gold-impfegnation in a solution of next prescription

for 15 minutes,

3 grams | » 'hyposulphuric acid

3 grams chromotrope 2R

100 c.c. - distilled water.

5 c.ce - a solution of 0,1 per cent

gold chloride }

N \‘-.-\:\ E
g }

7) Wash throughly in the water for 30 mlnutes or more.
8)- Dehydrate, and mount in the balsam.

The nervdus'elements have black or brownish black color, and

other tissues havelyellow‘or brownish yellow.

(3). TFLETCHER's myelin technlque (D.E.FLETCHER, 1947)%)

This is a modified method which was already, in 1922, reported
by SPIELMYER. )

l)ARemove the'paraffin_with Xylol, and run sections through

alcohols, and wash in the distilled water.

- 1] -



2) Place the sections in a solution of 5,0 per cent iron alum [NH4
Fe(504)iz12H£Q;Lnfor about 157mingtes. Wash_in the”distilled water.z

3) Place in SPIELMYER'sbmodified solution (below) 3 5 to 10 minutes
at 55° to 60°C. |

10 c.c. -~ 10 per cent alcoholic hematoxylin

solution
1 dr@p ' ammonia solution (pharmacopoeia)
90 c.c. distilled water

L) Tone in a solution of 5 per cent iron alum.
5) Wash throughly in the distilled water 3 about 10 minutes.
Dehydrate with alcohols, and mount in the balsam.

Myelin sheaths have\a;kéué or light blue color and dark blue or
dark purple in SCHWANN'sl;;clei.

(4). Other Staining |

The sections were stained with hematoxylin and eosin for the

- research of the general histology. Moreover, in the preparations of

silver impregnation, sometimes the argyrophillic connective tissue

fibers are stained as weliAas the fine nervé fibers,ythérefore these

sections were counterstained with a solution of one per cent aniline

blue for identification of the nerve fibers.

c)% ,Méasuremént“:, ) }

The size or thickness of the nervous elements was determined by

‘ - .
measuf;ng at the various parts using an ocular micrometer.

- 12 -



III. RESULTS

1. MACROSCOPICAL OBSERVATIONS OF THE SUPPLYING NERVES
OF THE OESOPHAGUS

The distribution of the supplying nerves in the guttural and
cervical portions of ﬁhe qesophégﬁs are about same between all cases
and'also between fherleft abd right sides of one case. The upper
portion of the oesophagus of cattle isbinnervated by the vagus and
sympathetic nerves. The distribution of those nerves shows the very

complicated findings at the ventral part of the cranium, where they

anastomose mutually with the branches derived from thegglosso-pharyngeal

and hypoglossal nerves. Fig. 1 shows a scheme of the‘giétriﬁhtion
and mutural relation of the nerves in the guttural portion obtained by
the present investigation. |

The vagus is a mixed nerve, contéining the sensitive, moter and
parasympathetic characters. It is arised from the extensive region.

of the lateral side of the restiform body in the meduila oblongatae,

[

closely behind the glo§égsphqryhgeél nerve nucleus. . The vagus nerve

passes the cranium through the foramen laderum,Vandjgggrs*tgpfrathér
large jugular ganglion on the lateral wall of the foramen. The“
ganglion nodosum of the cattle is absent»at the original point of the
superior laryngeal nerve. "The superior cervical ganglion of the .

sympathetic nerve lies under the occipito-atlantal articulation.

- 13 -



This ganglionvis ellibtical form, end about 1,5 to 2,0 cm. in length.
This is connected with the branches derivedrfrom both the glosso-
pharyngeal and:hypoglossal'ﬁerves, and also with the branch derived
from tﬁe Gagus nerve at nearly inner side of the Bifurcation point of
the occipital and internal maxillary arteries of the internal carotid
artery. The vagus nerve unites with the cervical portion of the .
sympethetic nerve derived from tﬁe superior cervical ganglion, conse-
quently it forms the vago-sympathetic trunk. | However, the'separation
of those nerves van be done wiﬁh ease. The vago-sympathetlc trunk :
resulted by those fusion follows along the dorsalL§E§§ of the common
carotid artery. From the vagus nerve, the pharyngeal branch and the
lateral, superior and inferior laryngeal, i.e. recurrent nerves are
supplied to the pharynx_and oesophagus respectively, as shown in Fig. 1.
 The pharyngeal branch of the vagus her&e is mest thick, and has
the characteristic:of sensory-moter. This brancﬁ is divided into
two parts. "The branch'given to the oesophague is larée and basses
backwards to the surface of thé pA;;ynx, joining with the communicative
" branches arised from the lateral and superlor laryngeal nerves on its
course, and its braneh dividing into two parts. One of which reach
.to the commencement of oesophagus is insinusted between surface of tube

and thyreoid gland, 'and furnishes some branches.' Consequently, it

forms a very rich nerve network with the arboraceous branches in the

upper portlon of the neck of the inferior laryngeal nerve, The lateral

- 14 -



Fig: 1. A scheme showing the distribution of the supplying
nerves on the left side of the pharynx and oesophagus
of a cow. Detail shown in the text.

fma, Fossa mandibularis § coc, Condylus occipitalis j

mpr, Processus muscularis 3 shy, Stylohyoideus ; pth,

Musculus palatopharyngeus ; kty, Keratohyoideus ; thy,

Musculus thyreohyoideus s sth, Husculus sternothyreoideus
tra, T:achea H eso, Oesophagus 3 c1m,‘ﬁﬁgé“iEﬁéEE‘EéEZEIE]

H
s glp, Nervus glossopharyngeus hyp, Nervus hypoglossus
H

acc, Nervus acéessorius H spotted part, Ganglion cer-
vicale craniale H vsy, ‘Truncus vago-sympathlcus $ phr,
Ranmus pharyngeus 3 lal, Nervus laryngeus lateralis ; _
crl, Nervus laryngeus cranialis ;3 réc,‘Nervus recurrens

- 15 -
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.laryngeal nerve exists only in the ruminants and is supplied to the
thyreﬁ-pharyngeal muscle. - This nerve arises near above the superior
laryngeal nerve, and on 1ts course,Lgeééivés a large branches;derived
from the glosso-pharyngeél nerve and another from the superior cervical :
ganglion. This also anastomoses with the branch originated from the
pharyngeal nerve mentioned above. The‘superior laryngeal nerve is
little more thick than the lateral iaryngeal nerve. This branch
rises below the preceding, receiving the lateral laryngeal, sympathetic
and pharyngeal nerves, and passes backwards'on the lateral side of the
crico-oesophageal muscle (H.WAKURéE;%‘al., 1963a)£w) ‘where it divideé
into two branches of the aﬁﬁerior a;;'posterior. bThe posterior branch
runs to the crico-oesophageal muscle and ﬁhe upper end of oesophagus.
The vagoésympathetic trunk runs tqwards the thorax along the
dorso-medial margin of the common carotid arﬁery and the.vagus separates

from the sympathetic nerve at the lower ehd of the neck. These enters

into the thorax passing the cranial thoracicai aperturé (Apertura thorégisf

cranialis), and thén»both the vagus trunk and the recurrent (inférior

laryngeal) nerve receives the fine nerve bundles given By the cervico-

|thorac1cal gangllon (Ganglion stellatum) ‘ The inferior 1aryngeal nerve
S

d1v1des from the vagus trunk on the bottom part of heart in the ‘thoracic
cavity. The left and right inferior laryngeal nerves are ndt-symmetrized
in the their origins ; the right one turns around the costo-cervical

artery, while the left one around thefcohcavity of the aortic_arch.

-16 =



Each nerves supplies much branches to the whole oesophagus in the

- cervical portion, ascending'tne space between‘oesophagus and trachea,
and divides into two branchescof the dorsal and ventral aﬁ the upper
end of the neck. 'The ventral branch passeslcowards the larynx at the
inside_of the crico-pherynéeal and crico-oesophageal muscles. The
bdorsal branch runs forwards on thé lateral‘Sides of the oesophagus,
and agaln separates into two thin. branches. - The ventral branch
anastomoses with the branch of the superior laryngeal nerve, and the
dorsal branch communicates with the branch derived from the pharyngeal
branch § where it forms a very rich nerve network mentioned above.

The terminal trunks of'these nerves enters into the outer muscular

layer after the repeated arborlzation in the outer connective’tissue

N et d

'sheath of the oesophagus.

2. HISTOLOGICAL OBSERVATIONS OF THE SUPPLYING NERVES
OF THE OESOPHAGUS

a) The'vagoesympathetic‘trunk

The nerve trunk supplied'the upper half of the cattle oesophagus
is the vagus and sympathetic nerves. On the 1eve1 of the middle
Aportion of the neck, the cross section of the nerve trunk is showed

in Fig. 5. Histologically;‘the thicker trunk of vagus and thinner
i

one of sympathetic nerve are covered with the different 1capsules

of the connective tissue. Accordingly, each trunk of the vagus and

-17 -



‘sympathetic nerves can be easily discriminated in the cérvical portion
of the cattle, as mentioned above. The thicker vagus trunk is consisted
of about 50 nerve bundles which are covered with the perineurium.

Each bundiés are composed of about 4 to 7 thin bundles cbvered‘with

the éndoneurium. The thin nerve bundles are ﬁnited with 20 or more
nerve fibers in number., Fig. 6 shows a sagittal section of the vagus

nerve. In thejéfeparétiohslof FLETCHER's myelin stain, the neuro-

keratin structure of the medulléted nerve fibers is'observed clearly.
Although it is difficult to obtain cross sections of all nerves throu-
ghout theirAentire course, it is possible to measure the diameters of
nerve fibers at the specific points, | Fig. 2-A shows the distributibn
of the maximum diameters of the myelin sheath of nerve fibers in the
vagus cut at level éf the upper portion of the neck. The diameters
ranges 1,0 to 11,9 micron; The results are divided into main two
peaks ; 2 to 4,9 micron for 47,5 per cent, especially includes the
nerve fibers of 3 to 3,9 micron for 20,5 per cenf within it, and 6 to
'7,9 micron for 28,5 per cent, although there is a distribution of
 some nerve fibers (7,5 per cent) of 9 to 9,9 or more micron in diameter.

In'thefpreparationsiof BODIAN's silver protargdl impfegnation, there
i t .

are seen the axons of the different size in diameter. (See Fig. 7)

The measured values of these axons are given in Fig. 2-B. The range

of axon population lies within 1,0 to 9,9 picron, and there are two

peaks ; 2 to 3,9 micron for 53 per cent and 6 to 6,9 micron for}lq

e

- 18 -
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Diameter in microns :




per cent. As shown in Fig. 2-B, the axons of 4 to 5,9 micron in

diameter are evidentlyidivided{intg two: peaks,. therefore larger: axons of

5 to 6,9 micron in diameter amount ﬂtb523;51in‘pefcentage.

]

On the other hand, as shown in Fig. 5, the sympathetic trunk is

consisted of ayout 10 nerve bundles in number, The sympathetic nerve
is mostly constitu?ed of a great number of non-medullated nerve fibers,
except quite a little number of stout meduilated nerve fibers, Fig.
8 shows the features of the Sympathétic nerve fibers which shows never
any neuro-keratin structures in the myelin stain.

| Moreover, the vagus'trunk has many nerve cells. Fig. 9 shows
the nérve cells in the vagus trunk on the level'of the upper portion
of the neck; The herve cells exist continuously with the nerve bundles

of the vagus trunk, although sometimesﬁindependently. % The nerve cells

are mostly spheric or oval in form but semilunar or starform in small

number, and has rarely a few or more neuro-plasmic processes.

Accordingly, thoséﬁW6§ld be mostly the unipolar, pseudo-unipolaf or
multipolar in thei;ﬁgﬁrm. However, the mﬁltipolar’nerve cell was a
little in number. The nuclei of nerve cells are stained clearly and
located in the central part of the neuroplasm, or rarely eccentric.
The nucleus has the nucleoli from 1,0 to 2 in numbgr, In section of
middle portion of the nerve celi; the mantle cells arrange around the

nerve cell, and those are counted about 20 to 23 in number. (See Fig.

10) Size of the nerve cells is 58,4 to 161,6 micron in range, 115,9
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micron|in mean. From these findings, it can be confirmed that the
1 A :

vagus nerve trunk is different from the sympathetic nerve trunk in its

fornm.
' b) TFiber-construction of the recurrent nerve

 On the level of the‘middlekportion of the neck, the cross section

of the recurrent nerve is showed in Fig. 11. It is composed of about

i U ) . B T A ':
10 to 13 nerve bundles covered with the perineuriun. In the ! preparations

—

of FLETCHER's myelin technique, the measured values of the maximum
diameters of.the myelin sheath of the nerve fibers are showed in Fig. 3-A.
Their diameters range 1,0 to 11,9 micron. The peak‘of distribution is

2 to 4,9 micron for 47 per cent and 6 to 7,9 micron for 27,5 per-cent,
although thére,are a little nerve fibers of 8 to 11,9 micron in,diametef.
There also érevthe non-medullated fibers of very gmall diameter in

this nerve, the valués of which have not been included in Fig. 3-A.

The measured vélhés of the axon'diameter in thefpreparations‘of BODIAN's

silver protargol impregnation , as shown in Fig.’B-Bi‘range 1,0 to 8,9
micron., . 47,5 per cent of the nerve fibers measures 2 to 3,9 micron
and 29 per cent oflthem measurés S to 6,9>micron.' Figs. 12 ana 13
~shows the distribution of the medullated and non-medullated fibers.in
the fecurrent herve.

3, HISTOLOGICAL OBSERVATIONS OF THE NERVE SUPPLY
OF THE OESOPHAGEAL WALL
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a) ‘Nerve trunk in the outer connective tissue sheath

-In the outer connective tissue sheath of the upper portion of the
oesophagus;'the nerve trunk fragments of wvarious thickness derived from
the recurrent nerve are frequently observed in the section. There

are the rough nerve network formed by the nerve trunks in: the outer

connective tlssue sheath , It is a so-called perimuscular nerve network.

As shown in Flg. 14, the nerve trunks of the perlmuscular network runs

winding and includlng both the medullated and non-medullated nerve

fibvers. Figs. 15 and 16 shows a gangllon found in the outer connective
tissue sheath on the level of the middle portion of the neck. The

ganglion cells are counted about 20 in number. As shown in Flg. 17,

— .———

}

there are the multlpolar%nerve cells. Each cell has a round or_oval

nucleus, a dlstlnct nucleolus and granular and pigmented protoplasm.
The ganglia also are sometimes found at the upper or lower portions
of the neck. The ganglion cells will be classified into the most
DOGIEL's type I and a few same type II by the arrangement and size of

the neuraxis and dendrltlc pronesses.

b) The nerve supply in muscular coat

(1). <Intermuscu1ar plexusl

B .

The muscular coat of the whole oesophagus of the cattle is consisted
of the cross striated muscle. . It is classified into two main layers

by the lucent muscle membrane or the poor connective tissue. The
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intrinsic nerve trunks ramified from the nerve network in the outer
connective tissue sheath penetrate the outer muscular layer, and

frequently arborize on its course. (See Figs. 18 and-19) These nerve
trunks forms a coarse meshed plexus between the outer and inner muscular
- .

layers. (See Fig. 20) Espec1ally, the muscular layers forms the very

irregular stratae between the: crico-oesophageal muscle and the upper
end of tube. As shown in Flg. 21 there are the formation of the
triplicate intermuscular plexuses clearly. It shows the partlcular
.feature comparing w1th the 1ntermuscular plexus in other places.

} Generally, the plane flgure of the intermuscular plexus shows the
" network of the lozenge, trapezium or multifarlous shapes. Moreover,
in‘the upper portionbof the neck,‘the fiber construction of 10 nerve
trunks of intermnscular plexus shows in Fig. 4~A in the sections
stained with FLETCHER's myelin technique. Range of the fiber population
lies within 1,0 to 8 9 micron in diameter. . Two peaks‘of the fiber
population are 2 to 3, 9 micron for 44,5 per cent and 5 to 7,9 micron
for 36,5 per cent. There also are distributed much thin nonfmedullated
nerve fibers whioh have not. been included in this histogram. While
the fiber construction of’the intramusoular nerve originated from the
nerve trunks of intermuscular plexus is given in Fig. L-B, There,
are seen two characteristics of 2 to 3,9 micron (57 per cent) and
5 to 5,9 micron (21 per cent),intdiameter except for the non-medullated

fibersvin the intramusoular nerve branch.
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On the cross point of the nerve trunks of the intermuscular plexus,
the ganglia are always formed. Rarely some ganglia are found within
the outer muscular layer. (See Fig. 22) The ganglia in the middle
and lower portlons of the neck of the oesophagus are generally smaller,

in number and size, than that in the upper. portlon of the neck. Figs.

16 and 23 shows a typical gangllon found at the nodal point of nerve
trunks in the intermuscular plexus of the upper,portion of the neck

of cattle oesophagus. In the crossing section of the middle portion

In addition, much small accessory cells are scattered between gangllon 3

cells. In the present investlgation there was never found any groups
of ganglion cells of 30 orbmore‘inlnnnhenjt Generally, in the inter-
muscular nlexus of the cattle oesophagus, the ganglion cells are
grouped in number of about 5 to 25. = The nerve cells are sometimes
gathered at the regular place in a relatively large ganglion. However,
there could not be observedbthe special relation in arrangement of the
ganglion cells. The nerve cells are (innltlnolatirin form, and many
of those will be clas51f1ed into DOGIEL's tjpes I and II cells by the
arrangement and size of the neuraxis and many dendritic processes,
although there are some young type. The neuraxis of nerve cell is

long (See Fig. 24), and extends out one of the nerve trunks of plexus

leading from the gangllon, usually as a non-medullated fiber. The

medullated fiber found in the nerve trunks has no connection with the
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ganglion cells, As shown in Fig. 25, in the ganglion of intermuscular
plexus of the cattle oesophagus, there is rarely observed the special

findings that the thick nerve fibers runs the winding course showing

the pecuiiargchange in thickness; sending out the numerous branches
in its course and shows the serpentine running to end in sharp points

after losing the myelin sheaths. Moreover, as shown in Fig. 26, the

nerve network,(pLJ3§s) is formed around the blood vessels in the inter-

=
muscular connective tissue.

The nerve bundles originated from the nerve trunks of the inter-
muscular plexus, sooner or later, furcates repeatedly to terminate on
the cross striated muscle tissue. Although there is well formed the

delicate network with the terminal nerves in the intramﬁrals; especially

in the intramuscularis, as shown‘in Fig. 27, it, 1ately, becomes the
términal nerve stem fiber. Owing to the présent research, author
_found clearly the autonomic (vegetative), sensory and moter nerve
tefminations in the muscular coat of cattle oesophagus, which will be

described later.

(2). Autonomic nerve termination
The terminal nerve stem fibers are accompanied by little non-
medullated nerve fibers. The non-medullated nerve fibers leave the

stem fibers and arborize graduélly\towards the muscle fibers. (See

Fig. 28) Fig; 29 shows the reticulated structure (terminal reticulum)

formed of the finer nerve fibers which are found on the surface of the
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cross striated muscle fibers of the upper end of tube,iespecially.in
the crico-oesophageal nuscle. It innervated the muscle fibers, closely
contacting them.. bThere are some special‘cell nuclei of the‘large oval |
or ellipse form. ~ The cell nuclei are a little larger than SCHWANN's
nuclei. The blood capillary in the muscle also receives the contact

of the terminal reticulum of the autonomic nervous system.

(3). Sensory nerve termination

‘The_sensory nerve termination was fdund on the level ofvthe upper
end of tube in general.' The usual terminatlon 1s the free type, and
there also distributes sometimes the speclalized types.

Free nerve_termination : Flgs. 30 and 31 shows the free terminatlons
in the connective'tissue found among.the muscle fibers of the upper end
of the cattle oesophagus. All the nerue fibers runs‘in the winding
courses,‘shOWing a rather remarkable change in thickness, but they
do not send out any side branches. ,The terminal axons are sharp.

Sonme special cell nuclei are seen'along‘the nerve fibers here and there.
The sensory nerre fibers were counterstaineu with a solution of one
per cent aniline blue to identify the argyrophillic connective tissue
fibers.r Such terminationsvare rarely found in the middle and lower -
portions'of the neck of the tube. |

| Palisade-like termination : Fig. 32 shows a pallsade-like nerve
termination found at the end of muscle fiber of the inner muscular

layer of the upper half portion of the cattle oesophagus. The size
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of the muscle fiber is equal to or barely_thinnerEthanfthétrofﬂtheuordinéry |
. : - |

muscle fibers. A thick terminal medullated nerve fiber divides into

two or more before joining to the muscle fibérs. @he_myelin sheaths

< i .

in these ramification are lost afterihgvingﬁpgs§gq:§@rough'the c%psule

of apparatus, and the axons run winding on the surface of the muscle

i

fiber. There is the glia-like cells. 1In additidn, some?analogous

terminations were found in the other instances, although it could not
be confirmed the continuatién between the terminal nerve fiber and
‘the rounder on the apparatus. Moreovér, néﬂthé huscle spindle was
observed. _ N -

MEISSNER's gorpuscle :vFig,i33 Shbws a termiﬁai apparatué which
well resembles the éorpuscle of MEISSNER. It was fbﬁnd only in the

inner muscular layer of the upper end portion of cattle oesophagus.

This corpuscle is 50 x 250 midron'in size and ellongatedfellipticéiif
formation with rounded ends which is covered with the tragéia;;;; o
connéctive tissue sheath, | The medullatéd'nérve fibers-of 1,0 to 3

in number ehters from the other:end of‘corpuséle, where it loses the
myelin sheath, and arborizes the some branches. The fine nerve fibérs

in the.corpuscle serpentines between flat taste cells which lies within

the apparatus.

(4). The size of moter unit
Although size of the moter unit must be calculate by ratio of

the muscle fibers and nerve fibers in the muscularis df oesophagus,
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it is quite difficult in the practical research. In the present

study it was conjectured from the folléwing data. Fig. 34 shows an
interesting arborizatidn of the terminal nerve.stem fibers diverging
horizontaily and radially into muécle. The terminal nerve stem fibers,
therein, can be counted about 7 in number. Usually, each divergent
nerve fibers; on its doﬁrse; refeat the furcation more than twice.

The furcation of a terminal nerve fiber also can be seen in Figs. 36

and 37." Fig. 35 shows three terminal nerve stem fibers furcated frqm
the terminal nerve bundle. - The terminal medullated nerve fibers

derived from the terminal nérve'fibers are innervated to the muscle
fibers with the moter end plates. From these results, author estimated
tha£ the moter unit of oésophageal muscle of cétt1e ié apprbximately

10 to 30 fibers in number. On the other hand, as shown in Figs. 44

and 75, the moter unit in .

|

| S SV R

—_— o
gﬁeucriéo-qesophageal muscle of cattle has 4 or

‘more fibers in number.

(5)._ Mdtervnerve termination

The moter hefve términal apparatus is classified into two shapeé 3
typesAI ané II. Oné of’thése (type I) has the ordinary features
resembling morphologicallyrto the moter .end plate (" en plaque ") in
the skeletal muscie fibers. It is formed everywhere in the oesophageal
striated muscle of §attlé. The other shape (type II) is the apparatus
resembling to thé moter end plate described by C,R.DUTTA et J.V.BAS-

MAJIAN (1960)2€)and the others. It was found in the crico-oesophageal
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muscle, although it generally has the ordinary moter end plate.

Type I moter end plate :—Eﬁg_;asophageal muscle of the cattle is
generally endowed with a single end plate on the muscle fiber. There
also was found aJsmall number of multlple innervation forming the two
or more end plates on a muscle fiber. Tigs. 38 and 39 shows the

typical features of the ordlnary moter end plate found in the cross

striated muscle of cattle oesophagus. Ow1ng to the1data obtalned

=~ e e

from llght microscopy, it is 1mpress1on that&much more than(approx1aatiﬁz>
60 per cent has the ordinary moter end plate. Single terminal QQQCZN
fibers of 2 to 4 or more micron leading to the moter end plates are
characteristically short, often passing over more than two or three

muscle fibers baforé forming terminal arborizations; The moter end
plate was located near in the mlddle part of the cross striated muscle
fiberal namely, it is a simple 1nnervat10n. The proper amount of
so-called multiple (doubié) innervation in the oesophageal muscle of
cattle, as seen in Figs. 40, 43vand 74, Was found at the upper half

. , [T
portion of tube. There exists an ordinary end plate and a simple

accessory end plate, and these are'innervated by an unitary nerva fiber.
The distance between two motervend plates ranges 60 to 150 micron.

Figs. ulifggéahd 73 shows two nerve fiters in an ordinary moter end
plate. Relatively thick oné is the ordinary moter nerve fiber of 2

to 4 or more micron in diamétar, and the other is thinner than the

ordinary thick fiber. This finding differs from the multiple innervation
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mentioﬁed above clearly, although they have a similarity of histological
appearance each other, The thin ﬁerve fiber is called the accessory
or secondary fibér by ﬁreviqus authdrs‘apd it forms a simple small
end plate. The mqfer end plates accbmpanied_by the accessory nerve
fiber are evently found at the whole upper half portion of the oesophagus.
The thin fiberAshowh by the‘arrow in Figs. 43 and 74 is the ultratérminal
nerve fiber. This nerve fiber forms the'uitraterminal‘end plate on
a different muscle fiber. In'addition; it was rarely found the triple
innervation endowing the three end plates, as a total, -on a muscle
fiber, Namely, the " terpinaison en grappe " fbund in the oesophageal
muscle of the cattle was so rafe, as shown in Figs. 37 and 72.

As a”rule, both the mo£er end plate in the simple or multiple
innervation and the end plate accompanying by the accessory nérve
fiber have the similar feature neuro-histologically. Those detailed
feature is invariably characterized as the following descripﬁiéns.
(See Figs. 38 and 39) The ordinary moter end plate shows the oval
or ellipse form in outline, and measures 15 x 25 to 40 x 65 micron
in dimension 3 30_x 50 micfon on an aﬁerage. The terminal medullated
nerve fiber attached near to the ﬁoter end plates penetrates through
the sarcolemma after losing the myelin sheath, and the axon immediately
arborizes into 3 to 4 in number in an end plate, The axonal arborizations
are mostly ended in sharp points. The periterminal network in the

moter end plate was rarely recognized in the preparations of BODIAN's
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silver superfimpregnatiqp:V The oval or ellipsoid nuclei in the moter

end plate assembles.in number of 6 to 9, 8 on an average in a poor
, R :

sarcoplasm. There are formed so-called DOYERE's eminence unappearantly.
These nuclei are stained coarsely. The accessory end plate in both
the multiplé (ﬁoﬁble) innervation and accessory nerve fiber has so
simple in structﬁre, that it has onl& 2 to 3 terminallarborization
and 2 to & nuclei. (See Figs. 40, 42, 72, 73 and 74) |

Type IT moter end plate : In»thé cfico-oesophageal muécle of the
cattle, the type I moter end plates are formed usually, besides, the
~type II motefvend plate (bajonettéftige Apparate), as shown in Figs.
Lk and 75, is rarely found therein. It is an end pléte, where the
about L4 terminél nerve fibers ramified.from the terminal nerve stem
fiber ends on the muscle fibers with the plump point or Very minute .

Lo

dispersion.  The relationship between the oval nuclei located around

the plates and thevaxons'could not be%disclosedfin detail. Moreover,

ohe of the terminal ramificaﬁion in this end plate anastomoses With
a fine nerve fiber come from the different direction. Author should

like to believe that it would be an acceésory‘nérve fiber.

c) Nerve supply in the sﬁbmu@ous tissue

|

In the submucous tissue of the upper end of cattle oesophagus,
the submucous (MEISSNER's) plexus is well developed. It is formed

far poorly in the middle and lower portions of the neck. The major
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portion of the submucous plexus lies closely to the inner muscular layer.
Author found the large ganglla in the submucous tissue of the upper end
of the tube, as shown in Fig. 45, The size of the ganglion cells is
smaller than that it in the outer connectlve tissue sheath and inter-
muscular plexuses. There are some multipolar ganglion cells. That
is, some nerve cells belongvto the DOGIEL's type I cell, while mény_
of those to the DQGIEL's type II cell and young type or smaller nerve
cellé. The ner?e cells are counted about 10 to 20 in the cross section
of the middle part of the ganglion. Fig. 46 shows the fragments of
the submucous plexgs found at the oésophégeal vestible of the cattle
_ And also a detected ganglion. ’The'génglion cellé, as shown in Figs.
46 and 47, are classified‘into two types 3 afgentophile and argentophobe
nerve cells. | | ,

The oesophageal gland iS‘Well déveloped in the vestible, as
shown in Figs. 46 aﬁd 48. . There-are.the thick nerve fibers in the
gland.tisSue. (See Fig. 48) By the observation of the section, the
formation of the rough‘nerve‘network (periductal plexus) is recognized
.around,the glandual ducts..(See Figs. 49 and 50) The thick nerve
fibers in Figs. 49 and 51 are the sensory; - One Of those enters into
the small=gland tiésue‘and the other ends sharply ih.the cohnective
tissue ofvthe circumferehée of the ductf (See Fig. 51) The intraductal
. ner?e fiber was not found  As shown in Fig. 52, the fibers are rlchly

dlstributed around the terminal portion of the gland tissue. Some
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nerve fibers are terminated freely around the gland cells. .
.In the submucous tissue of the middle and lower portions of the

neck of cattle oesophagus, the nerve supply 1s*poorer than'in the

oesophageal vestible and the upper end of the tube. As shown in Fig.
53, in the upper portion of the neck, there are supplied the thick
nerve fibers of the fragments of the submucous piexus. They run in
parallél with the surface of the mucous membrane. Many of nerve
stem ramifications originated from the plexus runs towards the lamina
propria accompanylng by the blood vessels. (See Fig. 54) The nerve

— e e e

supply of the lamina; muscularls mucosae could not be studied in detail.

L,_-

The dlstrlbutlon of. the medullated nerve fiber was not recognized therein.

d) Nerve supply in the mucous membrane

The nerve supply in the lamina propria is usually poor except in
the oesophageal vestible. The nerve stem fibérs which originated
from the submucous plexus, as shown in Fig. 55, includes two types of
the argentophile and argentophobe fibérsﬂ_b Thé argentophobe nerve fibers

should be considered the fine fibers of the autonomic nervous system,
T

but no the terminal reticulum was recognized in detail. TFigs. 56 and

57 shows the fragments of the network iin the lamina propria of the
upper portion of the neck of oesophagus.  There are many fine nerve
fibers, few thick nerve fibers accompanied by them.  Thick argento-

pﬁiio nerve fibers are terminated near by the lamina propria or

papilla of connective tissue. Fig. 58 shows the simple serpentine
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thick nerve fiber found on the level where the oesophageal papilla
exists. It has some SCHWANN's nuclei and terminates in sharp point.
Fig. 59 shows the simple peculiar serpentine nerve fiber in the lamina
propria of the upper portion of the neck. Its terminal end does not
show any perceptible difference in thickness. Figs. 60 and 61 shows

the nerve fiber foraied into the papilla of lamina propria in the upper

]

L4 — .
and middle portions of the neck. It reaches mostly the ﬁpps of papillae

f
without the myelin sheaths. The nerve supply in the oesophageal
vestible of cattle is well deveioped, as shown in Figs. 62 and 63.
The nerve fiber terminates rarely in the lamina propria. On the
observation of the section, it is sipposed that the formation of the.
mucous plexus will exist.

The nerve fiber in the mucous epithelium was detected in the
oesophageél vestible of the cattle. TFig. 62 shows the fine nerve
fiber in thé epithelium ofiginated from a'nerve stem fibers of the‘
mucous plexus. Fig. 63 also shows the intraepithelial nerve fiber
in about same place. The terminal énd of the nerve fiber is knobbed.
The intraepithelial nerve fiber in the uppervportion of the ;;ck was
found in the young cases.‘(See Fig. 64) - These'nerve fibers in the

epithelium run in more or less winding courses between the epithelial

cells.

4, NERVE SUPPLY OF THE OESOPHAGEAL PAPILLA

In the oesophageal papilla of the cattle, the nerve supply is poor
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in botp the adults and young cases, althoﬁgh there a:e the some thick
nerve fibers and special nerve cells. | The nerve fiber in the lamina
propria of the oesophageal papilla funs along with the blood vessel or
capillary in generél. Fig. 65 shows the typical histological featuréi:j
of the oesophageal papilla of adult cattle. Figs. 66 and 67 shoﬁs the
simple serpentine nerve fibers in the lamina propria of the oesbphageal
papilla. The nerve fibers shqw some perceptible differences in thickness.
There are rarely recognizgd the simple branched nerve fiberiprovided
with a conspicuous varieties in thicknesé. Fig. 68 shows the serpentine
nerve fibers, lying beneath the epithelium, with some pgrceptible
differences in‘thigkness, and its tip enters into the sécondary pqpilla.
Fig. 69 shows the fine nerve fibers in the secondéry papilla. " These
fibers terminate sharply with a winding courses. Moreover, as shown

in Fig. 70, the special nerve cells are scattered in the lamina propria.

Generaily, these nerve cells are located around the blood vessels and

—

for%;;?é‘extensive networkbby the junctions of the axis cylindef prpcesses
of the nerve cells, In the oésophageal papillé_of'the calves,vthe
secondary papilla do not develop throughly, therefore, the nerve supply
is simple. That is, Fig. 71 shows two rather simple nerve fibers in

the lamina propria. The special nerve cell was not observed in the
lamina propria of the young cases. The intraepithelial nerve fiber

was not detected in the oesophageal papilla.

IV. DISCUSSIONS
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1. THE SUPPLYING NERVES OF THE CATTLE OESOPHAGUS

The macroscoplcal findings of the supplying nerves of cattle

PRV

oesophagus generally c01nc1de with the descrlptlons of the preceded workers.l

. o /

The nodosal ganglion is absent in cattle. *Same flndlng, in llterature,iﬂ

already have been'described by A.CHAUVEAU et S,ARLOING (1873)§1) Y.KATO
. (1961)7’) However, W.ELLENBERGER et H.BAUM (1932)2” and S.SISSON et

‘J D GROSSMAN (l959)”‘)descr1bed that the plexus nodosus orfgangllon

R—

ey

nodosum is formed at the beginning point of the superlor 1aryngeal nerve.

|
At the upper end of the oesophagus, there are supplied with-the- pharyngeal

branch and superior laryngeal nerve derived from the vagus. The phary- i

ngeal branch is a very voluminous nerve, as descrlbed by A.CHAUVEAU et

S .ARLOING (1873) / I.VAUGHAN (1908Y%*) and s, SISSON et J.D. GROSSMAN (1959) %%

One derived from the pharyngeal branch is sent to the oesophagus.

This small branch is named the oesophageal branch of the pharyngeal

nerve by A.CHAUVEAU et|S.ARLOING (1873)")  H.KIMATA et al. (1962)7)

studied the distribution and suptlying areas of the vagus nerve in the
goat oesophagus. Namely, they described that the euperier laryngeal
nerve innervates the-cervical'portionvof the goet Oesophagus.and the

oesophageal branch of the recurrent nerve innervates at the area from

the bottom of the heart to the upper part of the neck, functioning the

contractoric; peristalsis of the tube. ~R.W.DOUGHERTY, R.E.HABEL et
H.E.BOND (1958)19 studied experimentally the supplyihg areas of the

. —
moter nerve in the oesophagus, using the decerebrated sheep. The
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results are aboutfsame to the findings described by H.KIMATA et al. (1962)26)
Author decided that the supplying areas of the superior laryngeal nerve
in the oesophagds of the gbat and sheep are a little more expanded
than in the qattle. A.CHAUVEAU et S.ARLOING (1873)ﬂ) described that
the oesophageal branch of the‘pharyngeal nerve anastomoses with the
branches derived from the inferior laryngpal nerve in the upper end of
the‘oesophagus, where*éfﬂzgrms a very conépicuous nerve netwofk.
Accérding to the resultg of the present investigation, such nerve
network was well developed in the area from the crico-oesophageal muscle
(vestible) to the oesophageal papilla in the'ring of nuscle at the upper
end of the tube. In the middle and lower portions of the neck of the
oesophagus, the formation of the nerve network is very poor. The terminal
nerve trunks originated from the nerve network in the outer conneéﬁive
tissue sheath are immediately entered into the muscular coat.

The vagus nerve in the cervical porfion is accompanied by the
sympathetic nerve covering with the different connective tissue sheath.

———————

N,TANAKA (1953)$¢)describedlgégpéthe vagus trunk of the dog joiﬁgs ﬁ}th f
the sympathetic trunk so that it is difficult to separate them in the
cervical portion. In the cattle the separation is very easy,vas in
the horse. The fiber constructién of the vagus nerve of cattle is
complicated as seen in Figs. 2-A and B. The distribution of medullated

nerve fibers has two main peaks of 2 to 4,9 micron for 47 per cent and

6 to 7,9 micron for 28,5 per cent, while 10 per cent of the nerve fibers
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measures 9 to 9,9 or 11,9 micron in diameter. The thin non-medullated
nerve fibers were not researched in the preparations stained with
FLETCHER's myelin technique. Author gﬁeés that a very small number

of the thin non-medullated nerve fibers may be included in the th1n

diameter fibers of 4,9 or 3,9 to 2 or less mlcron of the hlstogram of Fig. 2-B.

Namely, there are seen the distribution of both ‘the medullated and non-
medeiieted nervevflbers. T. IWANAGA (1961)*%? described that the
medullated nerve fibers of vagus of the crab-eating monkey (Macaca irus) -
are 6,017 as a sum total. In the vagus nerve of cattle, the number

of the medullated fibers is ca%culated by the findings mentioned

above that it is far greater than that of the crab-eating monkey s

vagus, although quantitative discussion of the nerve fiber was not

. performed in present reseafch. According to D,E.HILLMAN et J.J,TAYLOR
(1963)fu) they deecfibed that the neuro-keratin structure of the medullated
nerve fiber is a product which is originated from the destruction of

the fiber, although it consist of the reticular framework of neége:
keratln and spaces. M.NAKANISHI{et C.R.RI (1934) é) described that

both the thin medullated (2,5 to 5 micron) and. thick medullated nerve

fibers are included in the vagusAnerve of the cervical portion of the

rabbit oesophagus. : In the vagus of cattle, the relatively thick

nerve fibers (6 to 7,9 or more micron) is about 35 per cent in frequeecy;tj

(See Fig. 2-A)  According to T.KURE (1931),W) the thick medullated

nerve fiber in the vagus trunk enters almost into the recurrent nerve.
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~ T.SHIBA (1928)"*” described that the nerve fiber of 3 g_z;'less micron in
the vagus are the autonomic (parasympathetic) fibers in the dog.

The presence of the nerve éells‘in tﬁe vagus trunk have been néted
by H.E.BROWN (1935)'*) 'B.DOLGO-SABURCFF (1937) 2 S,NISHI (1949),""
S.OKINAKA et T.NISHIMOTO (1951),'”) etc.. The ﬁerv‘e cells in the
vagusAtrunk of cattie varies from sphéric of oval to sémilunar or stellar
in fornp. Namely, their shapes were the unipolar, pseudo-unlpolar or
multipolar. T.ITO &t M.HATA (1958) ) reported the occurrence of
vacuole-contalnlng ganglion'cells in the ganglion nodosum of the vagus
nerve of.rodenté. However,rno such vacuolatéd cell was observed in
the nerve cell of the vagus trunk of the éxamined cattle. The nerve
cells are distributed mostly on the level of the upper two-thirds of
the cerv1cal portion of the tube. _ Accordlng to S.OKINAKA et T.NISHI-

HOTO (1951) **’

the nerve cells in the vagus trunk of tbe-dog'is mostly
in the lower half poftion of the neck, moderately ih the upper half
'portion of tﬁekheck, very poorly in the thoracical portion and aﬁsent

in the abdominal portion;ﬂ Moreover, they said‘that_the nerve cells

in the vagus trunk relates with the efferenﬁ autonomic nerve fibers ;
perhaps they would have the nature of the parasympathetic nervous system.
S.NISHI (19Lp9)“'7> also déscribed the similar opinion. There also may
belinciuded the sympathetic nerve fibers, bécauée that the recurrent

‘nerve receives the nerve fibers derived from the cervico-thoracical

ganglion. Thus, author considered that the nerve cells in the vagus

- 41 -



trunk belongs to the autonomic.system, from their morphological feaﬁures,
as described by Ph.STOEHR (1922)'*) 0.KROELLING et H.GRAU (1960)*? and
the others that theAunipdlar or multipolar nerve cells in the_periéheral
nerves has the characteristics of autonomic nerve systemn. |

More significant nerve in the cattle oesophagus is the recurrent B

i B

nerve functioning thejrumination. "'The feature of .the fiber construction i

is seen in Figs. 3-A and B. That is, as shown in Figr 3-A, range of
the nerve fibers lies within 1,0 to 11,9 micron in diameter, and there
are séen twovpeaks;‘a to 4,9 micron for 47 per cent aﬁd.6 to 7,9 micron
for 27,5 per cent, Inraddifion, the non-medullatéd nerve fibers are
‘vevidently'distributed iﬁ the recurrent nerve, although a small number
ofrit lies within the neive fibers of 3,9 to 2 or less micron in diameter
in the histogranm of-Fig. 3-B., In 1iterature,‘S.KIN (i937)¢v described
that the fiber construétion of‘the_requrrent‘nerve of the cat and rabbit
is composed ofvthrée.ﬁain groups ;Vthe meduliéted fibers of 2,5 to 5
micron in diameter, the densely stained thick cranial médullatéd fihers
.and a smali number of non-medullated fibers. He also'described thaﬁ

the thin medullated nefve fibers have the charactereristic of the autonomic
nerve. The.analytic study of the recurrent ner§e in the crab-eating
monkey have been carriéd out by T.IWAYAMA (1961)“); a total number of

the medullated nerve fibers is 2,698 on an average, and distribution

- curve of the diameters of the nerve-fibers shows two peaks between 3

to 4 micron and 10 to 12 micron respectively. The fiber construction



of the recurrent nerve of cattle is mostly resembled to the results of
the cat and rabbit described by S.KIN (1937)./” The thick medullated
fibers:of'lo to 11,9 micron in diameter were included about 3,5 per

cent in frequency, and differed from the results in the monkey. From

- "’A

the results obtained in the present study, author should like to ;0 guess |
that large number of the medullated nerve fibers in the recurrent nerve
is the cranial nerve fibers, considering the characteristics of fiber
construction of the vagus described above, and the nerve fibers of 3,9
micron or less in axon diametér have the characteristics of the autonomic

nervous systen.,

2. THE NERVE 'SUPPLY IN THE OESOPHAGEAL WALL b!

a) Intramural plexus

The rough nerve network is formed in the outer connective tlssue

—

sheath, and the nerve trunk flbers are always wound iin their course.
J JNAKAI (1952) ") described that the winding courses of the peripheral

nerve fibers are the defensive phenomenon to be aggainst to the mechanical

extension of the nerve. There are the ganglioﬁ in the cross or ramose

points of the nerve trunk, Most of the ganglion cells are multipolar
T ’ ’

and 'have many dendritic processes and one neuraxis. However, S.KAWATA

et M.OKANO (1961)”) described that the ganglion inbludes the bipolar

nerve cells.

The intermuscular and submucous plexuses in the oesophageal wall
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correspdnds to the AUERBACH's and MEISSNER's plgxuses iﬁ the gastric
and intestinal wall respectively, as described by Ph.STOEHR (1922)'*?
E.KLEIN (1928)”" and the others. R.GREVING (19316)**) described that
the intermuscular ﬁlexus of the cat oesophaguscﬁéiija;;élopéAén the
smooth muscular coat of lower half portion, but it is unconspicuous in
the striated muscular coat of upper half portion; However, the
intermuscular plexus and ganglion cells in the cattle were comparatively
developed, in spite of the muscular.coat of whole oesophagus ig constructed
with the striated muscle. Generally, the nerve bundles originated from
the intermuscular pléxus_innervétes‘to ﬁhe’outer and inner muscular
layers and blood vessels.' ‘The triplicate intermuscular plexuseé are

'
formed between criéb-oesophageal muscle and the beginning point of
proper muscﬁlaris ofrthe cattle oesophagus, especially at the junétion
of the pharynx and oesophagus. ' This structure is related to the
function, under which fhe muscular coét in this part may contract

skillfully to send the ingested fooét>éﬁn smoothly. Thé inﬁrinsic

nerve trunk penetraﬁi@g the outer muscular layer is %qmétimes arborized
on its course. = This is an interest anatomical finding, from the

standpoint‘of the nerve supply of the muscular layers. -~ Many ganglia
\ :

exist atvthe cross or ramifling points of the nerve trunks of plexus
in the upper portion of the neck. Most of the ganglion cells are

related to the autonomic nervous systenm which will be described later.

According to L.M.De WITT (lQOO)fz) in the oesoéﬁggﬁs of rabbit and in
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the upper part of the oesophagus of cat, the ganglia are much smaller
and less frequent and contain few nerve cells. T .KURAMOTO (l957)”>
described that in the oesophagus of human being,‘many of the nerve
cells exists in the pharyngeal end, few in the middle portion and
very rare in the cardiac'portion.' On the number of the nerve cells,
R.GREVING (1931a)“3) described that the naximal. number of the nerve
cells 1n the 1ntermuscular plexus is 40 1n the human oesophagus. »
T SADA (1942)“7>descr1bed that the gangllon cells in the human oesophagus»
are grouped 10 to 20 in number whlle rarely, a gangllon cell exist '
1ndependently. ;‘N.-.SABUSSOW (1913)”9 found the groups of 2 to lO in
number 1n.the ganglla of the 1ntermuscular plexus in the oesophagus of
dog, cat and rabblt. B. J LAWRENTJE‘V (1929)"1) reported that the gangllon
cells in the intermuscular plexus of the dog oesophagus are grouped 10
j to 60 in number in general. The number of the gangllon cells in the
cattle oesophagus coincldes w1th the results of N.P. SABUSSOW (19l3f3:)
and T .SADA (1942)“7)1n general. | :
The ganglion cells of intermuscular plexus are multipolar as
described by Ph .STOEHR (l922)m4)and the others, and classified into
:DOGIEL‘s type/\l\and II cells in the adult cattle. Although M ISHIZAWA
(1952)b> descrlbed that the type differentiatlon of the ganglion cells
is very dlfficult to class1fy by the arrangement of thelr nerve processes,

;*““ﬁ
} The hlstologlcal features of each type are as follows. Namely, the

neuro-plasmlc processes of DOGIEL's type I cell penetrates the capsule
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_ of mantle cells, but in sage type II cell the neuro-plasmic processes

j are‘short,especially the dendriﬁic processes are not passes the capsule
| of‘mantle‘cells. The former corresponds fo the type III described by
Ph.STOEHR (1922);¢” while his type I in the latter. According to Ph.
STOEHR, jr. (1932),%) K.A.REISER (1932)/’*) T.YOSHITOSHI (1941) 4% H.KU-
MAGAWA (1941) 7€) T.SADA (1942) ] 31) 7 ,5ATO (1949) 1*%) etc., many of the
ganglion cells in the wall of allmentary tracts are DOGIEL's type I
cell, and the same cell of type II is found only rarely. N B.J . LAWRENTJEW

[

(1929) #2) R GREVING (1931a)? T.TOYOTA (1955)%® .G.SUGAMATA (1955)"3’

y16) Y.BABA (l96l)i);re£c. reported the similar findings

T.WADA (l958b)
in the oesophageal, gastric and intestinal walls of goat, dog, cat,
rabbit and.hedgehog. T.0HI (1954Y10 described that the dendritic
processes of the ganglion cells in the gastric wall of white mﬁgéjare
50 poor in development, therefore, it is impossible to make the
classifioation of nerve cells. The young type of the nerve cells, .

which their nerve processes can'nt he made out quite so clearly, were

‘ moderately|

recognized in the oesophagus of young cattle and calves.,
 S.KAWATA et M.OKANO (l961)7 )descrlbed that the submucous plexus
is not formed.in fhe submucous tissue of the cattle oesophagus.
A.KUNTZ (1947)“0 and N.TANAKA (1953)" ¢ ? found no ganglie in submucous
plexus of the oesophagus of dog, human being and the other mammals.
Author found the formation of the submucous plexus and ganglia in the

cattle oesophagus. The nerve trunk fibers originated from the sub-
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mucous plexus are innervated on the submucous tissue and mucous membrane.

The existence of the ganglion cells in the submucous plexus are detected

1e2)

by L.M.De WITT (1900)37 N.P.SABUSSOW (1913)%7" B.J.LAWRENTJEW (1929)"
G.SUGAMATA (1955)"3) S.KAWATA et al. (1962a and b)’? 7 etc. in the
oesophagus of horse, goat, dog, cat and rabbit. . B.J.LAWRENTJEYW (1929)°>
described that the'ganglion cells are grouped 2 tb 10 in number at the
cross points of the nerve fibers bundlesmin-the submucous plexus.

In the human being, M.ISHIZAWA (1936, '51)?960 rarely recognized them

in the section pféparations of hematdxylin ahd eosin stain. T;SADA
(l9h2)69)reported thét the ganglioﬁ cells are generally gathered in a

‘few number or té-ten, but rarely only one., The discrimination of the
ganglion cell type‘in cattle is about samé to the description of

R.GREVING (1931a)%®) K.A.REISER (1932)7 Ph.STOEHR,jr. (1932, '39)5°°%

T .SADA (1942)?7) etc.. Such two types also were classified by R.HONJIN

) 166)

(1951)°7 R_.HoNJIN et al. (1958)5% T.waDA (1958;]'59)’ and Y.BABA

(1961)9 in the ganglia of the intestinal walls of goat, cat and mouse
14%).

and by T.WADA (19}585) *) and T.NAKAMURA (1960)'‘®) in the ganglia in the
submandibular and sublingual glands of cat and mouse respectively.
R.HONJIN (1951)%% described that the neuraxis of the argentophile nerve
cell forms the associated neuron among.respective ganglia and' ends

around the argehtophobe nerve cells. He said that the argentophobe
nerve cell-bedomes the starting point of the syncytial terminal reticulum

in the autonomic nervous system.
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Refered to the nerve supply of the lamina nmuscularis mucosae,
S.W.RANSON et P.R.BILLINGSLEY (1918)"*" N.TANAKA (1953)"*) and T.KURE
ot S.OKINAKA (1956)") described that the medullated nerve fiber of the
submucons tissue is not sﬁpplied‘in the muscularis mucosae, because it
is the.smooth muscle. |

TheAmucous plexus in the lamina proprin is clearly formed in thev
vestible and upper end of the cattle oesophagns. This corresponds
with the subepithelial plenusrin the superficial zone of the 1amina
propria of the human oesophagus described by M.ISHIZAWA (1951) %7
L.M.De WITT (1900)29 described that under the enithelium, tne medullated
nerve fibers lose their myelin sheaths and form a ffne reticnlated
subepithellal plexus, of which fibers extend in long distance under

the eplthel;um. T WADA (1959VUD found the nucous plexus in the cat
stomach. if .

’ Moreover, the complex nerve network is formed with the terminal
nerve fibers in the muscularls of cattle oesophagus as shown in Fig.
27. Accordlng to F FROHSE (1898)37) there is formed the compound
nerve plexus in the various skeletal muscles of the human belng.

W, FEINDEL J .R.HINSOW et G .WEDDELL (1952)33)descr1bed the complex
" network forming with the termlnal nerve bundles in the general skeletal
muscles, These descrlptions resembles to the flnding of nerve network

in the oesophageal muscle of cattle. The terminal nerves in the

network includes both the thick medullated fibers and the thin nerve
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fibers. These nerve fibers, as mentioned above, are derived from the

supplying nerves of the oesophagus.  The featuré of fiber'construcﬁioé

of the intrinsic nerves, as seen in Fig. L4-A, has two bea@s of 2 to

3,9 miérdn for 44,5 per cent and 5 to 7,9 micrdn for 36,5 per cent.

In the intramuscular nerve fibers, as shown in Fig. 4-B, 57 per centﬁv;,_,

measured 2 to 3,9 micrdn and 21 per cent measured 5 to'5,9 micron in
diameter. In literature, according to D.BARKER (1948)*) and L.E.
HAGBARTH et G.WOHLFAST.(1952)f’) the thickness of the sensory nerve
fibers entering into thé sensory terminations lies between 6 to 12
micron or 8 to 15 micron in diameter. - C.E.BLEVINS“(1964)7) described
.that it governs the moter end plate by the nerve fibers of 2 to 4 micron
in diameter. ‘Pfovisionally, for the quantitative discussion of
innervation, as a standard to tﬁose vélues, the ratio of two peaks of
the nerve fibers in oesophageal muscle is mostly corresponded to‘the
quanfitative rate both the Sensory and moter innervations.

These nerve fibers runs into the muécularis and mucous membrane
for formation of the respective nerve terminal apparatus, including

the autonomic nerve fibers which is not added in Fig. L.
b) Autonomic innervation

The distribution of the autonomic nerve in the cross striated
muscles of the mammalian oesophagus have been confirmed by T.ISSIKI-

(1928) ¥ T.SHIBA (1928)** T.KURE et al. (1929)7” ©.KuRE (1931) ™
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R.GREVING (1931a) ,"’>.T.KURE_et al. (1939) 7 o.sapa (1942)*?) Ph.STOEHR,jr.
(1949) 2 S.KAWATA et al. (1961)73) S.YAMADA et al. (1962)7*) H.KIMATA

et al. (1962)7) and S.YAMADA et al. (1964)”* histochemically and neuro-
histologically, The distribution of the autonomic nervous system in

the cattle oesophagus is elucidated by the presence of the sympathetic
nerve fiberé derived frombthe superior and inferior cervical ganglia

and the effereht autonomic herve fibérs being originated from the nerve
cells in the vagus trunk and ganglion cells in the intramural plexuses. .

The nerve;fiﬂérs and cells in the oesophageal wall are pointed out by

R.REMARK (1928)Y° R.GREVING (1931a)** described that the efferent
nerve fibers arised from the autonomic centér of the medulla oblongatae
ends in thé ganglion cells of thé intermuscular plexus. The ganglion
cells of the intermuscular plexus are sometimes gathered in a limited
portion Qf the relatively large ganglion, and such grouped nerve cells
have the characteristic of the sympathetic nervous system according to
T.NISHIKAWA (1954) ;" 1vi.Eeucgi\\f('l954)i"’ M.SATO (1956)'” etc..

| H.KIMATA et al. (1962) 7 described that the kanglion cells of ™ nuclear
positive type ™ of the monoamine oxidase (MAQO) activity were character-
istic of the sympathetic nervous systenm. On the other hand, P.E,SMITH
et al. (1940)”8)described that the parasympathetic preganglionic fibers
of the vagus end in the{;;leion ce;ls of the intermuscular plexus of
alimentary canalé. The presence of the para§§;5athetic nerve fiber

in the oesophagus also is elucidated by the description of T.KURE (1931)”3
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and S.OKINAKA et T.NISHIMOTO>(1951)fn) Accrodingly, it is clear that

the ganglion cells in the ihtramural pléxus'are the significant nerve
elements intercalated between the preganglionic and postganglionic

fibers in the autonomic nervous system, although it is not distinguishabie
between the sympathetic and parasympathetic éystems histologically.
Accroding to fhg déscriptions of the researchers, it have been noted -

-that the stimuli in the peripheral tissues are copductéd through the

terminal reticulum of the autonomic nérvous systemnm. | S;KAWATA et M.OKANO
(1961)™ could not recogniiéjége ?resénce'of the autonomic ﬁerve termi-
nation in the oesdphageal wa11 of cattle. |

From old times, the neuron theory of J .N.LANGLEY (1885)" had been
supported by many investigatoré, but this_theofy was denied in genéral
since thée publication of the work of Ph.STOEHR,jr. (1932)°” K.A.REISER

(1932)?? etc.. Ph.STOEHR,jr. (1932)°? described that the autonomic

nerqg»fdrms a fine closed and reticulated siructure (terminal reticulum),
instead of terminating freely. It is evideﬁtly formed the tefminal
reticulﬁm in the cross striated muscle of the cattle oesdphagus.

However, the certain nerve of very small diameter freely isolated from
the autonomic nervous system existsiggiijin the oesophageal striated
muscle, as described by K.HARTING (1934)*" and H.SETO (1940).%

This fine nerve fiber have a characteristic of the sympathetic nerve.

It is dealt with accessory nerve fiber which will be described later.

: : so
Author, as a rule, supports the interpretations of Ph.STOEHR, jr. (1932) )
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and K.A.REISER (1932)ﬁ§>from the reason that the cross striated muscle
fibers of the cattle oesophagus are superintended by the close contactv
with the terminal reticulum of the auténomic nervous systen, Especially,
the terminai reticulum is deveiopéd in the crico-oesophageal muscle and
muscular coat of thg upper end of the tube. There are the special

cell nuclei. Author supposes that the special nuclei corresponds to

the nuclei of syncytium of B.J.LAWRENTJEW (1926)?9) the terminal cells

of T.SADA (1942){* the intercalated cells of T.WADA (1958a)* and the
interstitial cells of CAJAL by Ph.STOEHR, jr. (193é, '49YT@'§Q R;HONJIN
(1951)%9 andvT.NAKAMURA (1960Y3)respectively. The terminal reticulum

of the autonomié nervous system is recogﬁized in the ocular striated
muscles of cat and human heing by J.BOEKE (1909, '27)?' and N.HIRANO
(1940) ) and in the lingual striated muscle of the human being by

)

H .KUMAGAWA (1941) respectively. The findings are well resembles to

the fin;:;;ticulated structure in the cattle oesophagus. Moreover,

T.SHIBA (1928)""

and T.KURE (1931)" described that the ordinary moter
end pléte in the oesophageal étriated muscle have the characteristic of
the parasympathetic nerve, since the smaller accessory end plate has
a chargéteristié‘of fhe sympathetic nerve. They also said that the
medull%ted nerve fibers of 3 micron or less in fhe oesophageal muscle‘
have the characteristic of the parasympathetic herve.~ However, it is‘
not one of the autonomic nervous system, because it has theimyelin
T ’

sheaths. Author will not agree with their interpretation.

—
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Thus, it was proved the presence of the involuntary movement
(automatism) in the cross striated muscle of the cattle oesophagus by
the confirmation of the terminal reticulum of autonomic nervous system.
It signifies that the musculeris of cattle oesophagus has the peculiarity
as the visceral striated muscle differed from the skeletal muscles.
S.KIN (1937)01)reported the presence of the automatism in the oesophageal

strieted muscle of cat and rabbit.
¢c) Sensory innervation

T.KURE et al. (1949)%9 advocated the existence of the autonomic
(sympathetic) sensibility. However since the discovery of the

typlcal sensory nerve termlnation by K. HARTING (1934)¢fi etc., the

- f

I

| autonomous sensoru-conductlon theory is: not supported generally. - In

the oeSOphageal wall of the cattle, the sensory nerve flbers are
expressed as the thick medullated fivers. The confirmation of the
sensory nerve fiber should be performed by,obserVing.its terminal
apparatus. There was detected the intraganglionic, free and palisade-
like nerve terminations and MEISSNER's corpuscie;

The presence of the intraganglionic nerve termination in the
intermuscular plexus is recognized in the human oesophagus by T.SADA
(1942) *” in the oesophagus of the dog by A.OTSU (1953)'** N.TANAKA

15¢) 1 &3)

and G.SUGAMATA (1955) and in the monkey's oesophagus by

(1953)

T.YAMAMOTO (1959)"7%

respectively. The intraganglionic multi-branched
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sensory termination of the human being described by T.SADA (l942)“w>is

developed more than in the oesophagus of the dog and monkey. They

described that the intragenglionic sensory terminations would presuﬁablyf

. originated frem the afferent or sensory fibers derived from the vagus
nerve. Author supposes that theseiappearances of nerve termination
in the cattle oesophagus would show the apparatus of the sensory nerve
termination described by T.SADA (1942)37 A.0TSU (1953) 9. N.TANAKA

3 and T.YAMAMOTO (1959)/%) because that

(1953) ") G.SUGAMATA (1955)

there could be detected the clear continuance of nerve fiber between

the intraganglionic nerve‘termination and the intrinsic nerve fiber;

However, the runnlng and characterlstlc of the 1ntragangllon1c nerve

termination is resembled to the findings of the prev1ous researchers.
e

This is differed from the pericellular termination (apparatus) which

ends around the nerve cell bodies in the ganglia of the alimenﬁary

tracts described by C.ARNSTEIN (1895)% G.C.HUBER (1896) " C.GEGENBAUR

(1903)““‘) B.J.LAWRENTJEW (1929)"*) R.GREVING (1931a) ¥ a. OTTAVIANI

i
i

(1938)‘“) R.HONJIN (1951)* ¢ and T.NAKAMURA (1960)%%)  H.KIMATA et al.'
(1962) descrlbed that the ;ntregangllonlc cells of the monoamine oxidase
activity in the intermuscular plexus may have an intrinsic relationship
with the receptors in the oesophagus, although it was not determined,
which they belong to the afferent or efferent feature of the recepfors.

However, the intraganglionic nerve termination also can be clearly

discriminated from the receptors due to its histological findings.
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The free nerve térﬁinatibn was found commonly af the upper portion
of the neck of the tube, H.SETO (l949)w3)described that the sensory
nerve fiber in the viscefal organ is principally the free termination,
and its peripheral structure resembles that of the somatic sensofy
nerve fiber neuro~histologicailzlj The free nerve termination in the
skeletal muscles have been described by C.S.SHERINGTON (1894)"“? ph.

swé_@? (1922)#) J.C.HINSEY (1927)%) W.FEINDEL et al. (1948)°?

and
I.NOJIRI (1963)“®. In the muscular coat of the oesophagus, the
existence of the free nerve termination have been denied by T.SADA

2 and G.SUGAMATA (1955)")  M.YAMAMOTO (1960)”7)described the

(1942)
branched sensory termination having some special cell nuclei between
the muscle bundles of the muscularis of oesophagus of the formosan
monkey. M.POBERAI et al. (1963)“9)detected the simplebbranched nerve
termination in the smooth muscuiar coat-of thé inferior oesophagus of
nouse. T.SATO (1949)38)found the rathér expanded simple branched
nerve termination having the SCHWANN's nuclei in an inner muscular
layer of the human stomach. In the cattle oesophagus such branched
sensory termination were né;;gideteéted. .

The palisade-like nerve fermination in the end-éi:%tfiated muscle
fiber wasvfouhd by the predecessors. This is evidently differed
from the muscle spindle. That is, F.CREVATIN (l902fy) named the nerve

terminal apparatus in the ocular muscles of the camel " terminaison

en capuchons '. A.5.DOGIEL (1906)Ii)studied the same receptors in the
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ocular muscles of the human being and the cther mammals, He said that
this apparatus is located in the ends of the muscle fibers arranged
like palisade, and the nerve fiber w1thout the myelin sheath winds
around the muscle.flber. e H.SABUSSOW et al. (l96hy&0 described the

similar findings in the ocular muscles of the dog, frog, tort01se and

the others. They sald that there are many oval or elllpsoidinuclel

: IR , , R
(glia-like cell elements) called " protoplasmmass ". The palisade-
like nerve termlnatlon in the oesophageal muscle of the cattle closely
resembles the apparatus in the ocular muscles, therefore, it may be.
rather called " terminaison en capuchons " from 1ts features. Such
termination have a sens1ble function as well as it of muscle spindle.

The so-called corpuscle of MEISSNERIis an interesting termination
found in the oesophageal muscle of cattle. | In'literature, the presence

of terminatlon resembl}n§ito the so-called corpuscle of MEISSNER has
been reported only in the human stapedlus muscle by I NOJIRI (1963)”2)
that it resembles somewhat the.corpuscle‘of MEISSNER. = R.GREVING (1913a)¢9
described the presence of MEISSNERls corpuscle_in the submucous tissue

of the'cat oesophagus which~will.berdescribed later. - Author thinks

that tne corpuscle in cattle would be_ccrresponded with MEISSNER's
corpuscle described by Ph , STOEHR (1922)N1)and M.ISHIZAWA (1952):2) from
the_reason that they resembles'well each othervin their_feature.

The corpuscle of 250 x 507micron in cattle is by far larger than the

nature that the size of MEISSNER's corpuscle is 100 x 40 micron according
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" to Ph.STOEHR (1_922)"”) and 100 x 45 micron owing to I.NOJIRI (1963) /%)
glthough the involve termination and muscle spindle could not be
confirmed clearly in the desophageal muscle of the cattle, author will

consider them for discussion of the proprioception in the muscularis

of cattle oesophagus. The involve-like termination\wasisometimes
found between muscle fibers, but it has not the complete natures.
The involve termination have been detected in the muscular coat of

oesobhagus of the human being, dog and the others by K.HARTING (1934)f?)

1 B'I) IN)

T.SADA (1942)"/ and N.TANAKA (1953). Ho;éever, ‘A.OTSU (1953) %)
G.SUGAMATA (1955) ) S.KAVATA et al. (1961)® and S.KAWATA et al. (19622)"7
could nét find any analggbué termination insthe muscular coat of‘the"
oesophagus of fhe horse; cattle;'goat and dog. Moreqver, the muscle
spindie is genefally §1assifiedvinto two kinds of the monomﬁécule

fibroid and multimusclevfibroid according to the descriptioﬁs of D.K.

Von BRZEZINSKI (1963)"9 and H.VOSS (1963) ')  Ph.STOEHR (1922)'%) J.
BOEKE (1927)") and R. GREVING (19;1a)‘*3) described the presence of the
31mple muscle spindles in the muscularis of the oesonhagus, pharynx,

4

larynx and eye-ball of cat and human being. The pressure sen51t1ve

mechanism of the muscle splndle have been discussed by D. JINNAI et al

(1958)%)

and C.BRIDGIv;AN et E.ELDRED (1963).") They noted that it is
an afferent terminal apparatus ﬁhich relates with the proprioception

) '
of the muscle. H .HOSOKAWA (1960)9> described that the muscle spindle

distributes abundantly in the coarse-acting skeletal muscles, but it
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is few in'the‘visceralrsﬁriated muscie of the supplying areas with the
nerve of centralvnervous systen. Accordingly, itAis understandable
that the muscle spindle is a very rare terminal apparatus in the

" muscularis of oesophagus, and attention will be drawn to the presence

of any other terminations whlch should be regarded as sensory. The

proprioception of the oesophageal wall should be considered, owingiﬁi\/
the comprehensive fineings. Author thinks‘that the findings of the
" terminaison en_capuchons " and MEISSNER'S corpuscle in the oesophageal
musole of the cattle are mostly resembled to that of the ocular and

i
ear-ossicle muscles, considering the peculiarity of the sensory‘functlon.

S .KAWATA et M.OKANO (1961, '62af3)7)found no such speclallzed sensory
terminations in the oesophageal muscle of varlous animals included
the cattle. |

In the submucous tissue the sensory nerve termlnatlon was not
found. T.YAMAMOTO (1959)WA7descr1bed the various sensory nerve termi-
nations in the submucous tissue of the oesophagus of the formosan monkey .
T.SATO (19#9)63)re¢ognized the glomerular nerve terminations issued from‘
the vagus'in the submucous’tissue of the human stomach. J.R.SETELOY
(1954f€9 described the afferent nerQe fiber‘aocompanied;by the Vagus
trunk in the colon and rectus of the human being. | R.GREVING (1931af3)
described the presence of the MEISSNER'S and the ﬁypicai VATERfPACINI's
corpuscles in the submucous.tissﬁe of the cat oesophagus. Such corﬁuscles

were not detected in the submucous tissue of cattle oesophagus.
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The nerve in the mucous membrane is poorly supplied, but a little
sensory nerve terminations were found in the lamina proprla of the
cattle. G RETZIUS (1892)" )descrlbed the multiple and branched nerve

'termlnatlons in the human oesophagus, while T.SADA (1942)B7)found no

sensory nerve termlnatlon in the oesophagus of the man.. . T YAMAMOTO

(1959)” )described the various serpentine fibers of the sensory nerve
found in the lamina»propria>of the formosan monkey's oesophagus.

%) and N.TANAKA (l953)¢%>recognized the various nerve

A.0TSU (1953)
terminafion in the mucous membrane of the oesophagus and the other
alimentary canals of the dog and human being.' In the lamina propria

of the inferior oesophagus and cardiac part of the dog, the non—branched
‘and simple branched nerve terminations have been described by G. SUGAMATA
(1955)?3) More partloularly, the sensory nerve fiber was never detected
by S.KAWATA et al. (1961)™ ana S.KAWATA et al. (1962a)”9 in the oeso-
phagus of the horse, cattle, goat and dog. In the cattle oesophagus

the sensory nerve termination was found hardly in the middle and lower
portions of the neck. In the lamina propria of the rabbit oesophagus,
the involve nerve termination have been noted by K.HARTING (1934)98
detail. Some of the nerve fibers in the lamina propria of the cattie
oesophagus enters into the papillae of connective tissue. S KAWATA

et al. (1962a)?*) detected some nerve fibers in the papillae of lamina -

propria of the dog, but never found it in the horse, cattle and goat.

As known from the findings above, the intraepithelial nerve fiber
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in the cattle oesophagus was a simple non-branched nerve termination. /
_ —

Its peripheral structure is simpler than that of the nerve fibers in
the epithelium of the oesophagus of the domestic animals and human
being described by Ph.STOEHR| (1922)"") H.SETO (1949)“? A.0TSU (1953)’19
‘N TANAKA (1953) )and 0. KROELLING et H GRAU (1960)8%) G RETZIUSl

‘(1892)aa) using the’chrome" Sllver method demonstrated the nerve entering

in the epithelium of the cat oesophagus.' He said that the nerves in
the oesophageal mucous membrane.did not develo?;éé;éumerous’as in that
of the pharynx and larynx and they are located muéh clbsely to the
basement membrane. L.M.De WITT (lQOO)R) described that many of

the terminal fibers ended on the deepef cells of the epithélial layer
cuold be traced in the dog, cat and‘rahbit. S .KAWATA et al. (l962af”o
detecfed the intraepithelial nerve fibers in the oesophagus of the

dog. These nerve terminations should be considered as the afferent

ét)

fibers, as described by H.SETO (1940)'“)

and M.ISHIZAWA (1951).
G.KAWAHARA (1950)ﬂ) found the fine. 1ntraep1the11a1 nerve fiber in the
apical portion of the horse tongue. W.ELLENBERGER (1911)51) R.E.
HABEL (1956)4‘) and K.J . HILL (1957)ﬂ) found the pfetty fine nerve
fibers in the mucous epithelium of the ruminant forestomach, and R.E."
HABEL (1956)¢€>pointed out that these nerve fibers may be sensitive -
to pressure or tention. The existence of thebintraepithelial nerve

termination in the other alimentary tracts of the various mammals have

been mentioned by many researchérs. However, the distribution of the



. , L 38
intraepithelial nerve fiber was not found by N.P.SABUSSOW (1913)2 )

T.SADA (1942) PP a.suaaMATA (1955)7%) S.KAWATA et al. (1961)7 ang
S.KAWATA et al. (1962a)o%)in the oesophagus of the human being, horse,

cattle, goat, cat and rabbit. T.YAMAMOTO (1960)77

could not find the
intraepithelial nerve fiber in the oesophagus of the formosan monkey.
Thus,.the sénsdry nerve terminations were commonly found in the
vestible and upper end of the cattle oesophagus, the junction of the
pharynx and besophégus; "These specialized sensofy terminations,
besides proprioception of the wall, functiﬁn as the receptors'which
conduct the impulse towards the centrum for the food-intake ana peri-
stalsis inrthe oesophagus. According to W.W.TUTTLE et B.A.SCHOTTELLIUS
‘(1961)?°) the mechanical stimulation of the sensory nerve terminations

in the pharynx and oesophagus activates the swallowing center in the

medulla oblongatae.
d) Moter innervation

The muscular coat of the oesophagus is the most important lamina
for intake of food, while it functions as the motive power for rumination

‘—*"‘“—‘ .
aofxifood or vomiting of gass from the rumino-reticulum of the cattle.

From the features of the nerve supply, it is °°nSi§e?9§"§h§§.FEEEQW?§E
a delicate movement function and regulation in the muscular coat of
the cattle oesophagus.

The terminal.nerve bundles divided from the intramuscular network
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are passed over some muscle fibe{srfo the moter terminal apparatus.
Namely, they runs for very sﬁort disfance before terminating on the
moter end plate. W. FEINDEL J.R. HINSHAW et G. WEDDELL (1952)3) descrlbed
that in the mammalian striated muscle there dlstrlbutes the so-called
isolated nerve‘fiber which reach by far isolate portiops after dividing
from the intramuscuiar network;. Although such nerve fiber was rarely

found in the oe%qphageiilmuscle of cattle, the terminal minute fibers

passes usually over the muscle fibers of 2 to 3 or more before reaching
each moter end plstes. Each moter (neufo-muscular) unit of the muscularis
of cattle oesophagus, as estimated above, has 10 to 30 muscle fibers.

In literature, the mofer ﬁnit of the various stfiated muscles has been
descfibed by many researchers. P.TERGAST (1873)wﬂ)estimated that the
moter unit of the sheep extfs-ocular Quscles has 3 to io muscle fibers

in number. vE.BORS (1926)3) estimated 5 to 6 for the extra-ocular

muscles, and about 50 for the semitendinous in the human being.

T, FUKUSHIHA (1927, '2§)¥?J)est1mated about 5 to 10 or more for the
longlssimus dors1, psees majo and gracillis muscles of the horse,
cattle, dog, rabbit and the others. | A,.Van HARREVELD (1947) ) reported
100 to 125 muscle fibers per.one moter unit in the gastrocnemius of
the rabbit. P.A.BERLENDIS et L;G.De CARO (1955)9 estimated 27 in
the stapedius aﬁd 30 in the tensor‘tympani muscle of the rabbit.
B.FEINSTEIN et al. (l955)¥9>esﬁimated 9 muscle fibers per one moter

unit in the lateral rectus ocular muscle, 25 in the platysma, 108 in



the first digit lumbrical and 2,000 in the medial head of gastrocnemius
of the human being. T.MAIMFORS et J.WERSAELL (1960)"§>f6und each moter
unit contained between 14 to 20 muscle fibers in the stapedius of rabbit.
S .G.KULKIN (1963)”9 described that the moter unit of the rabbit diaphragn
has 12 to 20 muscle fibers. C.E.BLEVINS (1964)1) described that the
number of stapedius muscle fibers per one moter unit in fhe cat-is
probably_} or less, and it is only one to 2 less than that of the tensor
tympani of cat reported in_l963. More particularly,-L.RUEDI (1958)349
estimated 2 to 3 muscle fibers per one moter unit in the human laryngeal
muscles. C.R.DUTTA et J.V.BASMAJIAN (l960f$) reported 2 to 4 muscle
fibers per ohe_moter unit in the supefior and middle pharyngeal constrictors
and 4 to 6 iﬁ the inferior pharyngeal constrictor. |

According to C.R.bUTTA ét J . V.BASMAJTIAN (1960);“) the contrsdl of
contraction of the muscle tiésuevdepends on the smallneés of the moter
unit within the muscle, That is, generally, it can be thought that
the muscles performing the delicate‘movement énd regulation have the
smaller number of muscle fiﬁers per one moter unit. On the other hand,
the large strong-acting muscles have the larger moter units. Although
the value is little diifered from each other by the researchers, whereas
it is difficult to estimaté the size of one moter unit and in general,'r
the moter unit of the oesophageal muscle of the cattle is a li#tle larger
than. that of the extra-ocular, pharyngeal and laryngeal muscles, and

it is by far smaller than that of the skeletal muscles. It mostly
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resembles that of the striated muscles attached to the ossicles of the

ear (P.A.BERLENDIS et al., 1955%) and T.MALMFORS et al., 1960" Yy,

platysma (B. FEINSTEIN et al., 19553¢)) and dlapgragm (8.G.KULKIN, 196385)

From such 1nterest1ng anatomlcal corollary, 1t is knowable that the

|
[,

oesophageal muscle of the cattle had the delicate funqﬁlon and may be

considered to be of intermediate type in between both categories of
muscle mentioned above. 7

In the crico-oesophageal muscle of the cattle, it has the smallest
nunmber of muscle fibers per one moter unit.A This coincides with that
of the muscles attached torﬁhe eye-ball (E.BORS, 1926'3)), the pharynx
(C.R.DUTTA et al., 1960°2 ) and the larynx (L.RUEDI, 1958"°“).
-Author thinks that the Crico-oesophageai muscle of the catﬁle‘forms the
sphincter with the circﬁlar muscle at_thebupper end of the'tube;
therefore, it have a pharyngeal constrictor—like characteristic rather
than the proper oesophageal muscle, considering the neuro-muscular unit
mentioned above. \ |

The moter end plate was classified into two types I and II. ‘The
the t&pe I has the ordinary feetures of the moter end plate in the .

skeletal muscle fibers. T.SHIBA (1928)"“®

and T.KURE et S.OKINAKA
98) . . LT :

(1956) described that the moter end plates exists .on the obscure

portion of the cross striated‘structure of the muscle fibers. The

hietologicel findings of moter end plates in the striated muscles

have been described by L.BREMER (1882)'% E.FISCHER (1887) 2 W.KUEHNE

©(1887)%% Pn.STOEHR (1922)'*" I.IWANAGA et 0.KIMURA (1923)%) C.Ry.CAJAL
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(1925) ! K.NAKAMOTO et N.KURA (1926)" J.BOEKE (1909’ 129, '28)"’"') 2,

T FUKU-
SHIMA (1927, '28)27%%.J LAVRENTIEN (19282 and b)'??'*DK.MONDEN (1939) '?

N.HIRANO (1940) %% T KUMAGAVA (1041)3” L.W.JARCHO et al. (1952)"’) W.FEIN-

. DEL et al. (1952) W.V.COLE (1955) 2")M KOBAYASHI (1956)?') H.G. SCHWARZACHER

(1957)“*‘) H.J.GURKOW et T.H.BAST (1958)”) T.TANAKA (1958, 1595 '“)A A MAXTHOY

et W.BLOOM (1958)‘ 1) K.NOZAKI (1959)'*7 T.NARA (1961)',”) S.KATATA et

(19622) 1) and P.G.MARCHISIO (1964). “)

The histological feature

of the type I end plate in the oesophageal muscle of the cattle resemble
mostly those in the oesophagus of the various mammals described by
L.M.De WITT (1900)2%) B.J.LAWVRENTJEY (1929)% R.GREVING (1931a)%®

152) and

G.OTTAVIANT (1938)2% T.sapa (1942)%" Pu.STOEHR,jr. (1949)
S.KAWATA et M.OKANO (1961)? 2 although there are some incidental com-
ponents in the moter end plate. In the ordinary moter end plate of
the cattle oesophagus, the number of terminal cells corresponds with
that in the moter end plate of the ocular and ear-ossicle muscles descrlbed
by I.IWANAGA et O.KIMURA (1923)*°) N.OHTA (1958)** ana I.NOJIRI (1963) /®
In the skeletal muscles the moter end plate is generally larger than
those of the ocular and oesophageal striatedAmuscles, as known by the
descriptions of many other researchers.

E.AGDUER (1916)" and A.HESS (1963)°7 reported the multiple
innervation which forms two moter end plates on a striated muscle fiber.

The multiple (double) innervation in the muscularis of cattle oesophagus

was found in common and controlled with the unitary nerve fiber.
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Accordlng to N .OHTA (1958)'”9 the multiple innervation can be observed
j often in the ossicle muscles of ear of the cat, but the moter end plates
are 1nnervated by rhe dlst;nct two nerve fibers, the dual innervation.
l.NOJIRI‘(l963)"ﬁ)detected the some multiple innerVations controlled
by a unitary nerve flber in the human stapedlus muscle. C «E.BLEVINS
(1963)) recognlzed the multlple innervation being controlled by a
single axon in the tensor tympani muscle of the cat, but he,;1n 1964,
detected no the multlple end plates on a 51ngle muscle flber in the
stapedlus muscle of the cat. Also, the multiple end plates have been -
seen in a few muscle flbers of the tensor tympan1 of the cat by s.D.
ERULKAR et al. (1964) 2  However, ‘there is not counted the number
of nerve fiher enterlng 1nto the multiple innervation.‘

| The thin nerve fiber in Figs. 41, 42, 4, 72, 73 and ?5 have been
found by L.BREMER (l882)m° as accessory fiber in the frog s skeletal
muscle and by J.BOEKE (1909)'° as(5228555§§7f1ber in the human ocular
muscles respectlvely. The reports of the researchers have each
dlfference in their 1nterpretatlon of the accessory nerve fiber in the
moter end plate. S.Ry.CAJAL (l925)|8) N HIRANO (1940);ﬂ> H. KUHAGAWA
(l941§%> and the others described that the accessory nerge fiber is
derived from the ordinary thick nerve.fiber of the lingnal and extra-
ocular nuscles of the human being and the others. Ph.STOEHR (l922f¥4).

described the presence of the sympathetic sccessory nerve fiber in the

moter end plate, but he, in 1949, noted that the‘accessory nerve fiber
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has no characteristic of the sympathetic nerve, and criticized the

') also described that the

opinion of J.BOEKE (1909)'7  T.sapA (1942)
accessory nervebfiber can be determined to be neither the autononic
nerve nor the sympatheticrnerve, but it is a branch derived from the
thick soter nerve fiber. T.TANAKA (1958,‘f59f9”'ﬂgenied'the presence
of the accessory (non—medqliated) moter nerve fiber being term;nated

T . . .
‘finthe sole plate of the vocal muscles of the cat. On the other hand,

J.BOEK3££§O§;~Jé%5f9y7described that the accessory nerve fiber is a
branch derived from the syﬁpathetic nerve. I'IWANAGA-et 0.KIMURA
(1923) 4" K. NAKAMOTO et N.KURA (1926))7 . KURA (1927)3"7 B.J . LAVRENTJEW

‘(1928a and b) ;nd G OTTAVIANI (1937) *) supported the opinions of
J .BOEKE (l909)”> S G KULKIN (19635%) reported the presence of the
sympathetic accessory flber in the moter end plate of the tortoise's
diaphragn. K.HARTING (1934)® and H.SETO (1940)'* described that the
terminalvfiber freed from'the aﬁtonomic‘nerrous system exists oﬁly in
the strieted muscle of the human oesophagus. As mentioned above,
author supposes that the accessory nerve fiber in the oesophageal muscle
of the cattle will have the characterlstlc of the sympathetlc nerve

from the reason that it always»1s thinner than the maln or ordlnary

nerve fiber and related to the development of the terminal‘reticulum

of the autonomic nervous system. Namely, author would llke to'support‘

}
%) I.IWANAGA et al. (1927), %)

the oplnlons of J BOE (1909, 27),

K.NAKAMOTO et N.KURA (1926)? N.KURA (1927) ) K.HARTING (1934) ?g),
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G.OTTAVIANI (1937)*® H.SETO (1940)“*’)

KULKIN (1963) %7

H.KUMAGAWA (1941)3®) ana s.G.

~
VMoreover, the accessory nerve fiber does not anastomose .
with the terminal axons in the end plate of ordinary moter nerve fiber,
as described by many previous researchers. J.BOEKE (1909):) I.IWANAGA
et O.KIMURA (1923)%7 T.sHIBA (1928)'*") T.kuRE (1931)?° Y.kaTO (1951)¢"
and M.ISHIZAWA (1952)62) described that the accessory nerve fiber is

concerned with the tonus and nutrition of the muscle. T.ISSIKI/ (1928)°

and T.KURE et al. (1939)7 described that the striated muscle of the
dog oesdphagus is nourished by the sympathetic and parasympathetic nerves.

The presence of the periterminal network in the'ordinary moter end

)  E.AGDUHR (1916)"

£5)

plates have been recognized by J.BOEKE (1909),

D) 3)

J W.LAGELAAN (1922), I.IWANAGA et O.KIMURA (1923),

:oo) 1)

S.Ry.CAJAL (1925),

G.OTTAVIANT (1938)5% T.7ANAKA (1959)’“)

158)

- B.J .LAWRENTJEW (l928a and b),

S.KAWATA et al. (1962b)7%9

B?)

while it was denied by S.S.TOWER (1931)

and T.SADA (1942). )’?3)

H.J . WIKINSON (1930 AL A MAXTMOW et W.BLOOD
(1958) ﬁ>and I.NOJIRI (1963)" " described that it is an artificial product.
Author, as a rule, support the opinion of H.J .WIKINSON (1930)”%)and the
others, from reason that it was rarely observed in the sections of
silver super-impregnation.

In the oesophageal muscle of the cattle, both the ultraterminal
nerve fiber and the ¥ terminaison en grappe " are found rarely. The

former is a thin branch furcated from the main nerve fiber of the moter

end plate. J.BOEKE (1909, '27)”“mentioned that it is a component
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in the ordinary moter end plate. I.IWANAGA et O.KIMURA (1923)“? described
that the ultraterminal nefve fiber exist very rarely onlyvin 23 per
thousands of end plates in the oculér muscle of fhe human being.
T.FUKUSHIMA (l928)¢» denied the presence of the ultraterminal nerve

fiber in the longissimus dorsi;~psoas major and gracillis muscies of

the ho?se, cattle, dog, rabbit and the. others. The bresenée of the
ultratérminal nerve fiber may beva characteristic as so-called visceral
striated muscle. The " terminaison en grappe "‘have been descfibed

by J .BOEKE (1927)7) in the ocular muscle of the cat and by B.ﬁ;LAWRENTJEW

(1928a)/°? in the laingual muscle of the frog respectively. T.SADA (1942)°"

described that the moter end plate of the human oesophagus is " terminaison

en grappe " in general% but it was rare in the cattle oesophagus.%

The type II moter end apparatus really resembles the moter termination
described by C.R.DUTTA et J.V.BASMAJIAN (1960)26)in the pharyngeal
constrictors of the rabbit. The moter termination somewhat resembling
'to the type”II end apparatus of thevcattle has'been described by D.W.
BURNASCHOWA (1963)'"” in the rectal ocular muscle of therreptiles.

It is called the so-éalled " bajonettartige Apparate ", and the terminal

fibers furcates from a moter nerve fiber supplies on aboutfu,mpscle
fibers. There is seen the plasmatic component of SCHWANN's nuclei in
the terminal apparatus. The nucleus-plasmodium was not found in the

type II end apparatus of the cattle. L.F.MAWRINSKAJA (1952Y°é)described

that in a comparative study on the mdter\tgpmihations of the skeletal
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muscles of vertebrates, 1t is the specific apparatus dislocated from

“the phylogeny of moter nerve termination and typical apparatus always

exists in the tortoise's skeletal muscles. In the crlco-oesophageal,
muscle this apparatus is accompanled by an accessory nerve fiber.
C.R.DUTTA et J.V. BASMAJIAN (1960fu0 did not recognize the autonomic
or sympathetic innervation in the pharyngeal constrictors of the rabbit.
L.F.MAWRINSKAJA (1952)/°%) and D.W.BURNASCHOWA _(_1963)’7) also described -
no the distribution of the fiber of autonomiCAnervous systen.

From the findings of the moter end plates, it is considered that
the striated musole of the cattie.oesophagus_is innervated by the cranial
moter nerve fibers from the centrum through’the vagus,' The.distribution
of the cranial moter nerve.fibers was elucidated by the analytic study
of the fiber construction of the supplying nerves, as mentioned above.
In literature, T.SHIBA (1928)" 1. KURE ot al. (1929) 79 1. KURE et al.
(1939)7% T.KURE et S. OKINAKA (1949, '56)7‘97)descr1bed that the striated
muscle of the oesophagus is 1nnervated by the autonomlc nerve, instead
of the cranial moter nerve fibers. Such opinions have been mostly

supported by H.KIMATA et al. (1962)9) They have advocated that the

striated muscle of the oesophagus have an automatism by the distribution

— )

of the autonomlc nerve. The dlstrlbutlon of the autonomic nerve in
the goat oesophagus have been studied by S.YAMADA et al. (1962)”99
H.KIMATA et al. (1962)’7"’) and 5.YAMADA et al. (1964)" histochemically.

On the other hand, L.M.De WITT (1900), ) S .W.RANSON et P.R.BILLINGSLEY
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(1918)Y 7.54DA (1942)™ 5.FUKUYO (1943) #) S.KAWATA et al. (1961)"
and S.KAWATA et al. (l962a)9@)descfibed that the efferent medullated
nerve fibers in the wvagus supply»the striated muscle of the oesophagus.
S.KIN (l937)”> described that the striated muscle of the oesophagus
is controlled by-the cranialAmoter fibers derived from the vagus:nerve.
He aleo noted that the contracfion of the oesophageal muscle is functioned
tonically by the_sympathetic nerve, and suppressively by the parasympa-
thetic nerve. G.C.KNIGHT '(1934)%'D> also described that the oesophageal
-strlated muscle‘ie‘motlvated nore powerfully by the vagus and sympathetic
nerves.

~ Author supposes that the motef end plates of the oesophageal muscle
of cattle are supplied mainly by nerve fibers of 2 to 4 or more micron
in diameter, as mentioned above. This morphology is similar to thickness
of eupplying nerve fibers‘in‘the'other skeletal muscles described by
the other researchers mentioned above. From these results, author
considers that the contracfion of the proper muscularis of cattle
oesophagus will be caused through the moter nerve fibers running out
from the vagus. If the ewallowing center of the medulla oblongatae

was stimulated through the sensory nerve in the peripheral tissue,

the moter nerve fiber in the central nervous system is excited following \
by the actlon potential of the muscle. Thls action potential is
propagated to the moter end. plates. In addltlon, the proper muscularis

is toned by the fibers of autonomic nervous systen. Namely, it is
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toned by the sympathetic accessory nerve fiber for the more strong
contractibn of the muscular coat, while by the parasympathetic nerve
for the more strong inhibition of the muscle motion.

From thé findings of respective nerve terminations mentioned above,
authof think that the_muscularis of cattle oesophagus should be treated
as so—called.viscerai striated muécle, whereas there are many features
differed - -from the muscles of torso and limbs. vAﬁthor‘describe especially

that in a ‘wide significance the so-called visceral striated muscle is

definitely differed from the pure skeletal muscle anatomically, neuro-

histologically and functionally.

e) Innervation of the oesophageal gland

The nerv§~offtheﬂbesophageal gland is developed in the vestible in

‘the cattle as well as the other animals. (H.WAKURI et al., 1963a)”"°

The rough nerve network formed arouﬁd theAglandgiéﬂ duct is corresponded
to the periductal plexus of T.WADA (1958a)" and T.NAKAMURA (1960)">
Author found the sensory nerve fibers richly innervating around the

duct and the célls of terminal portion of the oesophageal gland of the
cattle. L.M.De WITT (1900)2;)found the sensory nerve fiber in the
duct of oesophageal gland ofithe dog, cat and rabbit. bT.SADA (1942)/37)
described the sensory nerve fiber ending freely in the connective

—
tissue around the duggjand the intraductal branched nerve fiber in the

oesophageal giand of the human being. N.TANAKA (l953)m?9reported the
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presence of the efferent medullated fibers entered into the oesophageal
gland of the dog. Similar findihg have been described by S.KAWATA et
al. (1962a)'® in the oesophageal gland of the dog. H. KUMAGAVA (1941) 5

found the thick medullated sensory flber in the duct‘wall of the anterlor;

lingual gland of the human belng. The sensory nerve fiber was not
found between gland cells of the termlnal portions of oesophageal gland

2)

of the cattle, as descriptlon of L. M De WITT (1900) and T SADA (1942)

The sensory nerve fiber functlons the secretlon of gland

- 3, NERVE SUPPLY IN THE OESOPHAGEAL PAPILLA

‘The distribution of the nerve fibers in the oesophageal papllla
is poor. In llterature, the nerve flber in the palllla-llke organ
(mechanical papllla) morphologlcally resembllng the oesophageal papilla,
is poor in general. T. YAMAMOTO (l959)”>descr1bed the simple non- '
branched or hrahched nerve termlnathéiih the lamina propria of small
conicel papillae at the soft palatine of the formosan monkey. He elso
found rarely the intraepithelial nerve fiber. K.KUBOTA et al. (1963)%>
described that the nerﬁe fibers ln the fungiform and filiform papillae
of the marsupiale are terminated difectly end sharply beneath the
mucous epithelium, Such findings mestly reeehbles those of the
oesophageal papilla of the cattle.

On the neccessity for oeéophageal papilla, author thinks that

this organ protruded from the surface of the mucous membrane could
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every time receive even a little stimuli; because ofrthe mucous membrane
~always expanding by the swallowing and rumination. However, considering
the macroscopical and Histologiéal‘features of the oesophageal papilla,
author guesses that it is an organ belonged to the category of so-called

mechanical papilla in the mouth, tongue, forestomach and the others.

Thus, by the diScﬁssion abo&e; author proved neuro-histologically
that there are distributed triply the autonomic, sensory and moter
nerve terminatiohs in the oesophageal wall of cattle. In consequence,
éuthor_thinks that the moﬁement'of oesophagus is an associated function
.developed by the interaction .of the various herves supplying ih every

laminae of tube, as described by S.OKINAKA (1952)%%

V. SUMMARY

For the purpose to know the morphblogical peculiarities of the
nerve supply of the cattle oesophagus, the systematic observations of

the innervation of the wall of uppef half portion of tube and the

oesophagealvpapilla have. been carried out anatoﬁica%}y and neuro-

histologically. For the present investigation, 29 specimens were
used as a totai. Histological specimens cut out'from éq‘caséé were
fixed with 10 per cent neutral formol solution or 95 per cent alcohol,
and mounted in paraffin, Sections were treated with BODIAN'sEEgjgggi

protargol impregnation, Type II silver impregnation of CAJAL and

FLETCHER's nmyelin téchnique,‘and some sections were stained with the
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hematoxylin and eosin and one per cent solution of aniline blue.

The principal results obtained in present research are summarized;

as follows.
1. Macroscopically, the upper half portion of the oesophagus is
innervated'by the pharyngeal‘branch, superior laryngeal nerve and

recurrent nerve issuing from the vagus mainly. There also are the

sympathetic nerve derived from the superior ané'inferior cervical
gangiigiéhpplied. The lateral laryngeal nerve is not innervatedAin
the tube. |

2. In the cervical portion there is the vago-sympathetic trunk
formed, whereas the vagus nerve unites with tﬁe sympathetic nerve.
Histilogically, the vagus and sjmpathetic nerves are covered with the
different connective tissue‘sheaths. The vagus evidently includes
the medullated and non-medullated nerve fibers of the varioué thickness
and the nerve cells of the unipolar, pseudo-unipolar or multipolar form.
The nerve cells have the nucleoli of 1 to 2 in number.

3. The recurrent nerve shows the two peaks of the fiber-thickness,
2 to 4,9 micron for L7 per cént and 6 to 7,9 micron for 27,5 per cent
in the preparations of FLETCHER's myelin technique. The intermuscular
and intramuscular nerve branches has the two peéks of 2 to 3,9 micron
for 44,5 per cent and 5 to 7,9 micron for 36,5 per cent in the former,
and 2 to 3,9 micron for 57 per cent and 5 to 5,9 micron for 21 per

cent in the latter respectively. It is likely that the smali diameter
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nerve fiber is the motoric,{yhéle the larger diameter ﬁerve fiber is
the sensory, suppéﬁizg from fhebformation ratio of each nerve apparatus
in the terminal portions. There also is the non-medullated nerve
fibers distributed.

I.. In the outer connective tissue sheath the rough nerve network
is formed conspicuously at the upper end portion of tﬁe oesophagus,
but it is unconspicuous in the middle aﬁd lower portions of the neck
of the tube. | The intramural plexué is forméd within the m@égé}ar coat
Qf the whole‘oesdphagus and mainly at the upper end portion in the
submucous tissue and lamina propria. 'Pafticularly, the triplicate
intermuscular plexuses are formed between the crico-oesophageal muscle
and the muscular coat of upper end of the tube. The;géﬁglia were
found at the hode of the nerve trunks in the outer cohnectiVe tissue
sheath, intermuscular and submucqus plexuses respectively. The ganglion
_-cellS'are grouped in about 20 in the outer connective tissue sheath,
about’5 to 25 in the intermuscular plexus and about 10 to 20 in the
submucous plexus in the crossing secﬁion of the middle part é;ffhe
rather iarge ganglion. In the intramural plexus the.nerve cells are
7 mbstly multipolar and classified into the DOGIEL's types‘I and II in
the adult, while young type in the young cases. Moreover, the intramural .
blood vessels are innervated by the nerve network (plexus) forming

around thé\yeésels.

5. There were detected clearly the distribution of the autonomic,
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sensory and moter nerve'terminations in the oesophageal wall of the
cattle.

6. The cross striated muscle fibers and blood capillaries are
superinted by the contact of the terminal reticulum (STOEHR) of the
autonomic nérvous system. The terminal reticulum is developed
particularly in the crico—oesophageal muséle and the muscular coat
of the upper end porfion of the tube. There are the special cell
nuclei which are little largerbthan SCHWANN's nuclei. In the cross
striated muscle‘of the cattle oesophagus, the sympathgtic‘nerve fiber
is isolated freely from the autonomic nervous system, as accessory nerve
fiber. | |

7. The sensory nerve terminations were discriminated intd’the
free, " terminaison en Capuchons ', corpuscle of MEISSNER‘and intra-
ganglionic end apparatus in the muscular coat. It is distributed
moderately in the upper:end porfion and rarely in the middle and lower
portions of the neck of the tpbe. Ih’the mucous membrane-there is
mainly the free terminal apparatus supplied. | The sensory ner?é fibers
are existed around the terminal portions and ducts of the oesoﬁhageal
gland. | | | |

8. The moter end apparatus is divided into two shapes : types
I and II. The type I resembles principally the moter end plate
(" en plaque ") in the skeletal'muscles. . It is measured 15 x 25 to

4O x 65 micron in range of dimension : 30 x 50 micron on an average.
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After taking the myelin sheath off, the terminal axons’arborizés into

3 to 4 and has the 6 ﬁo 9»grduped oval or ellipsoid nuclei : 8 on an
average. The peritermihal network was not observéd in general.

Usually, the motervénd plate forms oﬁly one on one muscle fiber, but

the multiple innérvation controlled by an unitary nerve fiber is
moderately found. The type I end plate is sometimes accompanied by

the accessory nerveAfiber in the whole portion of the upper half of

the oesophagus. The accessory énd plate is more simple in its structure
than the main moter end plate. The " terminaison en grappe '* and
ultraterminal nerve fiber also was rarely fbuﬁd.

The type II moter end apparatus (bajonettartige Apparaté)iwas found
only in the crico{égéophageal muscle; There also found the accesséry
nerve fiber} | |

9. The moter unit'in the oesophageal muscle of the cattle is
consisted of about 10 to 30 muscle fibers. The criCoéoesophageal
muscle have about 4 or more muscle fibers per §he mqter unit. |

10. The nerve distribution in the oesophageal papilla is rather

’\\ N . ’ . > (3 . .. .
. [écarce: The simple serpentine nerve fiber is poor in the lamina-
- ' o . .

propria and moderate in the secondary papillae. There exists the

special nerve cells around the blood vessels in the lamina propria.

VI. CONCLUSIONS

On the basis of the data obtained from the neuro-histological
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reséaréh, the remarkable properties of the oesophageal Wali bf cattle
are to be concluded as follows.: |

1. The oesophageal wall is triply innervated by the each.
terminations of the aﬁtonomic, sensory and moter nerves derived from
both the branches of vagus and the,sympatheticbnErve.

2. Pérticularly, it is clear that the proper muscularis of cattle
oesophagus has the pecﬁliaritiesras visceral striated muscle béing

differed from the muscles of torso and limbs, while the crico-oesophageal

muscle has a characteriétic as rather pharyngeal constrictor,’@igéggggﬁ
findings of the neuro—mééé&lar (moter) unit, various senépfy and moter
terminations. ‘

3. No muscle spindle ﬁas'found, but the prdprioceptidnrof the
oesophageal wall should be confirmed by the comprehensive findings of
the specialized sensory terminations.

L. The nerve supply of the oesophageal papilla of ¢attle was

researcped./

————
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Explanation of Plate-Figures
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

PLATE I

5. Cross section of the vago-sympathetic trunk. The thich trunk
is vagus, and the sympathetic nerve is the thin trunk. Formol.-
Fix., FLETCHER's Stain.

6. Photomicrograph showing the medullated and non-medullated nerve
fibers in the sagittal section of the vagus. Formol.-Fix.
FLETCHER's Stain.

7. Note the axons of various thickness in the cross section of the
vagus. Formol.-Fix. BODIAN's Stain.

8. Photomicrograph showing the nerve fibers in the sympathetic
trunk. Formol.-Fix. FLETCHER's Stain.

9. Nerve cells in the vagus trunk at the middle portion of the
neck. Formol.-Fix. FLETCHER's Stain.

10. The magnified vagal nerve cells. Formol .-Fix. BODIAN's
Stain.

11. Cross section of the recurrent nerve at the upper portion of
the neck. Formol.-Fix. H-E Stain.

12. Photomicrograph showing the medullated and non-medullated

fibers in the recurrent nerve. Formol.-Fix. FLETCHER's Stain.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

‘PLATE II

13. Shows the axons in a nerve bundle covered with the perineu-
rium of the recurrent nerve. Formol.-Fix. BODIAN's Stain.

14, A nerve trunk in the outer connective tissue sheath. Note
the medullated and non-medullated nerve fibers. Formol.-Fix.
BODIAN's Stain.

15. A large ganglion found in the outer connective tissue sheath
at the middle portion of the neck. Formol.-Fix. H-E Stain.
16. Note the ganglia found in the outer sheath and intermuscular
connective tissue of the tube. Formol.-Fix, H-E Stain.

17. Photomicrograph of the multipolar nerve cells in a ganglion
in the outer connective tissue sheath. Formol .-Fix. BODIAN's
Stain.

18. An intrinsic nerve trunk in the outer muscular layer.
Furcation on its course. Formol.-Fix. BODIAN's Stain.

19. Note the terminal nerve bundles arborizing repeatedly in the
muscular coat. Formol.-Fix. BODIAN's Stain.

20. Note the AUERBACH's plexus spreading between outer and inner

muscular layers. Formol.-Fix. FLETCHER's Stain.
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Fig.

Fig.

Fig.

Fig.

Fig.

¥ig.

Fig.

Fig.

PLATE III

2l. DNote the triplicate plexuses formed at the portion of origin
of the oesophagus. Formol.-Fix. H-E Stain.

22. Note the ganglion found in the outer muscular layer at the
upper portion of the neck. Formol.-Fix. BODIAN's Stain.

23. Photomicrograph of a ganglion in the intermuscular plexus.
Formol.-Fix. FLETCHER's Stain.

2L. Note the delicated features of the nerve cells in the ganglion
of intermuscular plexus. They are multipolar. Arrows indicates
long neuraxis. Formol.-Fix. FLETCHER's Stain.

25. DNote the serpentine simple branched nerve termination (arrows)
found in the ganglion of intermuscular plexus. Formol.-Fix.
BODIAN's Stain,

26. Nerve plexus found around the blood vessels (arrows) in the
intermuscular connective tissue. Formol.-Fix. FLETCHER's Stain.
27. Show the finding of the intramuscular nerve network.

Formol .-Fix. BODIAN's Stain.

28. Show the autonomic nerve fibers accompanying the SCHWANN's
nuclei found between striated muscle fibers of the upper portion

of the neck. Formol.-Fix. BODIAN's Stain.
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Fig.

Figs.

Fig.

Fige.

Fig.

Fig.

Fig.

PLATE IV

29, The terminal reticulum of the autonomic nervous system found
in the crico-oesophageal muscle. Formol.-Fix. BODIAN's Stain.
30 and 31. Note the free nerve termination found between muscle
fibers of the upper end portion of the tube. Formol.-Fix.
BODIAN's Stain.

32, The palisade-like nerve apparatus (" terminaison en capu-
chons ") found in the inner muscular layer at the upper portion
of the neck. Formol.-Fix. BODIAN's Stain.

33, A nerve termination found in the muscularis which well rese-
mbles the corpuscle of MEISSNER. Formol.-Fix. BODIAN's Stain.
34 . Note the terminal minute fibers diverging radially from a
terminal nerve bundle. The arrows indicate the divergent point.
Formol.-Fix. BODIAN's Stain.

35. Note the terminal minute fibers arborized from one of three
terminal nerve bundles (arrows). Formol.-Fix. BODIAN's Stain.
36, Furcation of the terminal minute fiber is showed be an arrow.

Formol .-Fix. BODIAN's Stain.
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PLATE IV
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PLATE V

Fig. 37. Photomicrograph of the " en grappe " having two end plates

and an accessory nerve fiber on a muscle fiber. Formol .-Fix,

BODIAN's Stain. The detail will be shown in Fig. 72.

Figs. 38 and 39. Dorsal and lateral aspects of the typical moter

end plate (type I) in the muscle tissue of the cattle oesophagus.

Formol .-Fix. BODIAN's Stain.

Fig. 40. Two end plates formed on a muscle fiber innervating by an

unitary nerve fiber. It is one pattern of the dual innervation.

Formol.-Tix. BODIAN's Stain.

Figs. 41 and 42. Note the fine accessory nerve fiber (arrow) in the

moter end plate. Formol.-Fix. BODIAN's Stain. Detail in

PEg. 73.

Fig. 43. Note the ultraterminal nerve fiber (arrow) furcated from

the nerve stem fiber of the multiple innervation. Formol.-Fix.

BODIAN's Stain. Detail will be shown in Fig. 74.

Fig. 44. Photomicrograph of the moter end apparatus (type II) found

in the crico-oesophageal muscle of the cattle. The accessory
nerve fiber indicates by arrow. Formol.-Fix. BODIAN's Stain.

Detail will be shown in Fig. 75.
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PLATE VI

Fig. 45. The ganglion of the submucous plexus found in the upper
portion of the neck. The nerve cells varies in size. Formol .-
Fix. FLETCHER's Stain.

Figs. 46 and 47. Note the submucous plexus and ganglion in the
oesophageal vestiﬁ&e. The nerve cells are distinguishable into
two kinds j argentophobe and argentophile. Formol.-Fix.
BODIAN's Stain.

Fig. 48. The nerve bundle found between lobes of the oesophageal
gland. Formol.-Fix. BODIAN's Stain.

Figs. 49 and 50. The nerve network (periductal plexus) found around
the duct of the oesophageal gland. The thick fiber is sensory
(arrow). Formol.-Fix. BODIAN's Stain.

Fig. 51. Note two thick medullated nerve fibers (arrows) found around
the oesophageal duct. One enters into small gland loble, and
the other terminates freely in the connective tissue. Formol.-
Fix. FLETCHER's Stain. .

A
Fig. 52. The fine nerve fibers (arrow) foundAFhe terminal portion

of the oesophageal gland. Formol.-Fix. BODIAN's Stain.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

PLATE VII

53. The nerve bundles in the submucous tissue of the upper
portion of the neck. Alcoh.-Fix. CAJAL's Stain.

54. Note the nerve bundle running along the blood vessel in the
submucous tissue. Alcoh.-Fix. CAJAL's Stain.

55. The nerve bundle winding towards the lamina propria. The
arrow indicates the argentophobe fibers. Alcoh.-Fix. CAJAL's
Stain.

56. Note the mucous plexus in the upper portion of the neck.
Formol.-Fix. BODIAN's Stain.

57. Note the lateral aspect of the mucous plexus in the upper
portion of the neck. Formol.-Fix. BODIAN's Stain.

58. Note the serpentine nerve fiber in the lamina propria.
Formol.-Fix. FLETCHER's Stain.

59, Note the serpentine non-branched nerve fiber found in the
lamina propria. Nerve fiber shows the frequent change in
thickness. Alcoh.-Fix. CAJAL's Stain.

60. Note the fine nerve fiber in the papilla of lamina propria.

Formol.-Fix. BODIAN's Stain.
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PLATE VII




PLATE VIII

Fig. 61. Note the fine nerve fiber reached the top of the papilla
of lamina propria. Alcoh.-Fix. CAJAL's Stain.

Figs. 62, 63 and 64. The non-branched intraepithelial nerve fiber
found in the vestible and upper places of the oesophagus.
Nerve fiber in Fig. 63 ends in small knob. Arrows shows the
fragments of the mucous plexus. Formol .-Fix. BODIAN's Stain.

Fig. 65. Note a complete view of the oesophageal papilla of the
adult cattle. Rectangle magnification shown in Fig. 70.
Formol.-Fix. BODIAN's Stain.

Fig. 66. Note the traced nerve fibers (arrows) in the oesophageal
papilla of the young case. Formol.-Fix. BODIAN's Stain.

Fig. 67. Note the serpentine nerve fiber in the lamina propria of
the oesophageal papilla (arrow). Formol.-Fix. BODIAN's Stain.

Fig. 68. Note the nerve fiber lying beneath the epithelium of the

oesophageal papilla. Formol.-Fix. BODIAN's Stain.
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PLATE IX

Fig. 69. Note the fine nerve fibers terminating freely in the
secondary papilla of lamina propria. Alcoh.-Fix. CAJAL's
Stain.

Fig. 70. Higher magnification of the rectangle part in Fig. 65.
Note the distribution of the special nerve cells showing the
unipolar, pseudo-unipolar or rarely bipolar shape. Formol.-
Fix. BODIAN's Stain.

Fig. 71. DNote the nerve fibers in the oesophageal papilla of the
calf. Formol.-Fix. BODIAN's Stain.

Figs. 72, 73, 74 and 75. Abbreviation in the figures.
mot, Moter end plate ; acn, Accessory nerve fiber ; acs, Accessory
end plate ; ult, Ultraterminal nerve fiber j ule, Ultraterminal

end plate.
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