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tubefromthestandpointof,.morp4oloev. ... -'
                        '                                         '     The oesophagus is a muttulo rpembr..a.p.o-.4ufl:tl.u-Pe being extended among

pharynx and stomach, and it shows s,ome differences 'in" the"functions.of

                                                                        'tUb9lb. .9tFpe.9TI}i,HM.qO..I!9T:.gma"Srt.l!1IL.-9v. .3Ln.d...1;u-MTIn.a.nut.;"El 'each"other'. ..-. rn･thg.j.i onotr.g.a" F. !ilr:-L' .c..r"-
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animals there is only'a main-movement ･propelling the £ood.from the.mouth
                                                                        ..
to.the;istomach. However,.th'etoesophaguts'ofsruminants, in addition to the
.1+".r.- ...Tt-r.r-.,"H.ntr.'- t'=.=;'. -"'V"''rlt" .' r"--Tr'':'Tr r''rr=g''neT.'T..r'1-"'t-7.r-.--.-ITtrr, .rf-. / .:.TyT-=.tr-nynt--.-v . .---L  --.t-- .

primary deglutibion, has. the speciaZ function for involuntary runination

        '                     '               'ef the food once intaked in foreBtomaeh arised by the c.gmpaund reflexlon.

 '                                                                '
These d!.fference o£ the function o£ tube is eaused by the structure of
                                         J                                                                'wallsinthemone-gastricanimalsandruminants.''
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     AnatornicalstructJuresof'theoesophageal-muscle'arequite.di.ffered '

from:･that df'the-skeletar muscles'v. as described:by:･ EiLADI]!R. (l885)-f()

J.KAWAHARA.(lg24}',7`D. bi;vvEBER (zg27);72> s.scHutLAcHER,('t927)･,'"`e) ,.:T,i;

Si.EURA (1950);3t) ,W.ELLriiSBERGIERI･et- H.BAUM;(X952)i"7),' E.PSiiNKOPF'･･,'

[
I
i

l
[
i

i
[l
/

ll-TuTnyttian orderigr perisyaiti.c movemenp 6f thg digeistive,canal'wan. .,

         rn.addition to .such interesFipF anatomical findinss.ef.9h,g. muscplqris

    e£ oesgp},agug, the cons9,ruction of..4.uscglariF, in,.the rlirrllP,,.9,l.,Y,.S.,,,.Y.,il.r. /Ll. F.:.. .,',

   .t,r9. pt. I..e･/Ll,,,,;,9-･£, .1,.h. ,: .,.tl･9", ,tO,,1,,g.,,,tl...?･ Y,',S.!".9i,"･.I,･ii/it'S,t･iS,.i; ,E,,t,. .''･ TPSi-'tg/1,.fi･.,'･.･ ,-.:l･･'{･-..it,ri h, ,9･ .,,.9,el -9･J･:. ?/i?, R.,,'3,i:.i,}Y,.-?･,?･iL;･i:-9･;S. ･.-

    M9,tl9･i/:･,,I･ie,.･,,.f.l.,Y･://,=･::i･･;9,,k,,-tl,iYI:,,,,1./L,,t"･,-l･,i･i,,,,,s.,,Fh,9.･,iJ,,,e.f･Y//,.//,.j,k,,,",.91/;,.･.i,-S,.,9..t"l,.jll.l,.,F.,.･,99I,(i/IS,,,,.,,,,.lj,,l･.,.,g.(1.,,,･/?.,,Y･,･1-,･,i.,e.,:r,g,,,,S,,F.E,,.,･･..,t

    striated muscle,in.the upper haZf portion., whiZe of Phe smooth..muscle
     ;..･,･:i':r'r'Lilii,;',l;,'･'.i.Sl-F･i--':-;i,'t,:./"i';.';'.v;:'l.i?･.."tr,iZ:.-E.t';:t';'/;L,i.IL.-:'.i'l/',L.-.t'I//'i:･,l''.-t..ii.;t:i;!i.,.;,il1,,;,,r,tt.ill.;-)iLti..-s,.,;"?f't-･.,.'./rl:･:-,i.;.･1;.-i'sl'.iit:Llti''z,,.'

   L･,iP..,;,Y･'･P': //:,/･,Fl 9.1,･,9･･tt････,,/P, 9,,l::+{i,..,l ,9, f･ ;Y･i .9･･R･,.i;,t'9･tl,･ /:h.,/t･･,-, .･e･},Lb,,-,9,:.,;,/,,.-4g,,,t/.; ?,･=y,.gtr･ i". ,.the r.giF. i:. p.apt/.s t.,.pe

    mp. Fgular coa: ,of,..i hol,g, .,o,esop,4.ggu.,s is ,gg,nsVrugP.f.d ,vvi,1, #.,. ,the strl, ated

    MgS,Ci,gr AUtl.gr thipl:F ?4a9.such g?pef.r/1,pc,e ol. funcPi,.on.wou"d be

    :･ ,,:･ :･･,e:x,;g:t -;･g,d,xz .P･:･ g, ,::tt/;ig･,t･g･i･i;:;,･is･･?fi3;'i ;l,･g･ li.lg;- faOl･lg,, :- 1･i;Xi6.a:iig sti',l,/ihf '36.i,'e,i

   ,.gicg}..fung..t.i.,gn,,di..,;,fergd,f, ;om that of P,he..p,,gnorgastric g.nim4,"F.

  et J.LEHNER (1937);2'Z> s.slssoN 6tl'=-J'':D';'IGROssMAN (lg59);wt. etc. that'thei.' 1

  outer and inner puscle Pupdiest as a rule, a;e arranged spirally or

 Tei.,i,iA, rPglial,l?di?tte' S'C,r.:::i:hg.d;;S.a.llZ.a:l ;:gti:kl.;- k::ilh,e.l."b..ep'.hd:gCentiY'

 muscie 6tindie's (systerri> conh'ecting the adjacent mus6uiaf iayers in the

 manirp,.gU-avn.,-o'.+e-sp.`ph,"g-g-u.･ ITun･-F-u.,irl,T2¥-(ig-6.o./.3Zl!6'scribe-d',."lth'aylpt.'is siys!.6m"i:.F..,

 thel structure-'dfJc'6ndU6ting impulse which is important for carrying l
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                       ..                                           '        Th6 innervation o£-the oesophagufi of mono.-f;astric animals (horse,

                     '   pig, dog, cat, raPbit, mouse, marmot, monkey and human being) have

  .been studied by L.l{.De WITT (l900),2:P N.P.SABVSSoW (Zg15);36) R.GREV!NG

   (igslq),'.}> T.sHIBA <1928)'.G) T.rsszK: (lg28),b') B.J.MwR]!rvTJtw (lg28a

   and b)',ee)'"'> T.KURE et al. (1929>,90 K.HARTT.NG Q954),`,8) H.SErcO (1940)',"5)

   !{.zsHIzAwA (lgs6),6e> s.K:N (lgs7),77.) G.olrTAvrA]yz (lgs8)',26) T.KuRE et al.

   (i939),9;) S.NOSE (1939);'9> T.SADA (X942);3,) S.FUKUYO (i945),W) Ph. '

                                    '                                                  '   STOEHR (1949);'2) s.oKZNAKA et T.NrsHz}Iollo <lg5i)'i3) A.o!vsu (lgss),'2S)

   N.TANAKA (lg5s);5"4) G:stGA"IluvA (igss)-:"3) T.yAMalgoTo (lg6o);2Z) s.KltwAfvA

   et al. (1962a),79) etc. anatomicaUy, neuro-histologically, histo-

                                                                  '                                 '                                                        '                                                   .t                                     '                                 '   chernically and physl.glogicaUy. They have described the distribution

                       tt                                                .t   of the autonomic, sensory and moter nerve terminations in the striaYed

                '               ttt   and smooth muscles individua!ly and syntheVcaUy. . P.n t4.g.othbr hand,

                                                    '                             '                                                     '                       '                         '   the muscularis of ruminant oesophagus consisting of the complete striated

   muscle 44ve been studied a little neuro-･morphologica4.y. , in spite ef

                                                     t.    '                                   .t   the oesophageal Ipuscle in mono-ga.sptic animalg men'tioned above,fmd the

                                 '   intramuscular nerve supply and tegntnation in the limb musclgF has been

   '
   g".::;･ ,://gi2g,2y.,M.".r'X ",g:!a,rfi2.9gSg...'2e,.e:IXe.,S:,Pl,t/･:k-..,.ii,f,-lg,e,.,i::,igf"t

   ARI,o!NG.(1875);e? 1.VAuGHAN (19o8)',6Z) w.EmENBERGER bt H.BAuM (lgs2),2e)

   S.SISSON eti J.D.,GROSSMAN (l959)',q`) Y.KATO (196Z),e') S.KAWATA et al.

          ' -t'trr7't-t'   (1961),05) S.KAWATA 'ei ai. (lg62a).,i.l'74L)7,JS.YAtlADA et al. (1962)',09) H.K!MArA

                                    XL   et al. (Z962),"S) S.YAMADA et al. (L964);7S) etc;. However, the histo･-

                                  '                   tt                                     '                                           '                                                '                               .                        '                '    '                                             '                               '                                           '                             tt                                                                   '            '                  '                                    '                 '                                                 '                                                      . tt               '                           '                                                  '                       t tt                         '                                 '                                   '                                                             '                               '                                          '                               tt   '             . -' - -5･-
                     '                           '                               '                  '         '                        '        '                 '                        '                     '                                           '                                                   '                      '                        ',

                                     '                                                                   '                                         '                                     '            s                               '                                  '                          '                                        '                                                                    '                                 '                       '                                      '                              '
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logi.cal study on the innervation of the cattle oesophagns have been .

reported only by S.KAWATA et al. (1961).e3) ,There are never seen any

                             ttdescriptions. of the distribution of the autonomic nervous system in the

cros
.s striated rnusl le, except some reports of the sensory and moter

in.nervation in the whole oesophagus. Namely, they did 4ot prove

ih.g.bi,eZ.OitX:.Z.,Pei:.kiaXi..tl,::.OeSophageai strzated muscie differeg

' AuthorsupPosesthatthemuscularisofruminantoesophagushave

the characteristics as soqcaUed visceral striated museie resembling .....,".,

to ttie ocuiar and ear-ossicie muscies, ag desgr-ipLe-g-Py.r.Ar!LE,:.D.99.LZ.P.llr.-S3tL9Si06)El,l?.

i,i@l･,"･gi(iNvii?:･is,g.,:7i,i:dhb,:tlgiel)(]/i/,kkO,Vrit.ii･l･//':pu,i･,upgiiiY,,//l.I"'tii{//i,iiii.,i,'ii B'g--r]'-

(1965, '64)4) op and the others, from the ' reason that-it belongs to

so-calledviscerail:-grL,gansy.s.tem,andtheninthepresentresearch .

author tried to ciol n-f-ttrm the peculiarity of innervation in the. oesophageal

muscle differed £rom the muscles in torso and Zimbs,, which will be

described later.. The ogsophagus of ruminants .asfas represe"nted by the

tubeofcattleinthisstudy.' .' . .' ... ., ･.
     More6ver, in the ruminant oesophagus the oesophageal papilla is

formed on the surface of the mucous membrane o£ the pharyngeal end of
tube, (H.WAKURr et ali, Z961i t62YSop'6?)while it is not '

formed in the .

MO"OlgaStVC a71M. Il/7'..- The nerve-su6. peZy,of sueh papilia of the rumLnant

            '               '         '
                 '                    '                               '                         tt                                          '              ..                   '             '                                               '   '                                                                       '                            '                          '                   '                                           '                                                    '                                                                      .-t
                           '
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                               .t tt  oesophggus hav.e been ngy.gi, investigated by the predecgssors.

       This time, author,itEt!i!lfliitu(±ifled individually and systhetically the ana-

                                                             '                            '  tomicai and histoiogical features of the nerve supply of the catt!e

  oesophagus. In this paper author is intending to describe the findings
                                                                    '
  on the distribution oS supplying nerves, features as so-caUed visceral

  striated muscZe, movement of muscularis, propriocepgion. etc. in the

                                                          '                              '                 '
  i:illiOoeSfO:::g::ti:ee.etaU, inciu(ling the nerve gu?piy o£ the oesophageai

  . rheoutlinesofbhisstudywereaireadyreadatthe57thand58thJ

  meetingsoftheJgpaneseSocietyofVetennarySc}ence..... . ,.

   '  . .,...IZ.SXPERIMENTALMAII!ERZAZSANDunHODS ' 1

  . 1.'EXPERZMENTALbewIERIA[,s -.
                                                       '                                                   '     '                            .t                                  '                                                tt                                                        '                      '                                                                '                                  '                           .. t                       tt                                     '
       The materials used for a systematic macro-anatomy of the supplying

  nerves of the oesophagus were four cows of abogt 8 month to 2,5 years

  aged after birth which were kept for experiment at the. veterinary '

  anatomical department of the Azabu Veterinary College. ...,./

   ,.. For the neuro-histological observations of the nerve supply of the
  oesophagus, the" 'materials totaled to 25 cases which were couected from

         '           '  the Shibaura- and Niitsu･-City Slaughter House and Atsugi's Dairy Electric
  '
  Center, including calves, young and adults. rn the purpose to show
                 '                              '                                                 '                                                          '                                         tt, the characteristic of the tube innervated mainly by the recurrent nerve,

-7-
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 the histological specimens were cut out non-selectively from every parts

                                                             ' in the upper half of oesophagus sagtttaly, transversaUy and horizontally.

 Moreover, each specimens of the vglgus', recurrent and si mpathetic nerves '

                                 '                                                                 ; were cut out at the level of about upper, middle and lower portion of

 neckandbot,tomefheartrespectiv.e.ly. .'/'. ', '
         '                                                             tt                                                       '      2. EXPERIt{ENTAL MErvHODS'1' . -- .-
                                   '                                  '                               . tt. t.ttt
                                 '                            '
     .a) Methodsofthe.macroscopicalobservation ,/..'1.'-. .

                                                               '            t. tt t      The macroscopical observatlon ef the supplying.nervdS o{ 'the .

                                                          tt
'oesophagus was firstiy beginned to ascertain the oicigin o£ 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 cervi.eal ganglion, the returnipg way of the recurrent nerve,

                   Such observations of the supplying nverves of tube etc. in detaiZ.

                                                           .t were carried out with th'e nackeqp,gye. But sometimes the,.rnagnifying

 glass was useq, at the praetical 4eed, as the vqgus nerve mingles -

 complicatedly with the branches furcated from the glosso-pharyngeal

                          -tt                                  ' and hypogiossal nerves at the ventral siptes of the cranium. '

    ･ b) Methods of the neuro･-hlstological observation . '/

                                     '                                           '                                                    '                                                     '                                                       '                                                        '
      Fixation : Materials cut £rom each cases were. roughly fixed with
                               '                                                         '
 10 per cent neutral £ormol solution or 95 per cent alcohol.Sor two

              tt WeekS Or rrIOr9. .Thg. tzssue specimens were carafuny cut out non-seiec"

                 ･･ -8" -                                                                    '                                                   '                                                                '
                                                           '                            '                 '                   '



- .

                                    '
 tlvely from the provisionally fixed materials, and refixed for 48 hours

 or more with the fresh £ixative. D.BODIAN (1956)ep described that the

                                                                               -                                         -i formaun fixed materiais are generauy susceptibie for the Sizv'er imp"'1'IlrJtaJ-';.I"'71i

                                   ' prggnation, afi weZl as materials fixed with the CARNOY,F alcohoZ-chioro-

 form-acetic acid mixture. The excelZent fact of 10 per cent formalin

                                                              ' had been advocated by B.REXED (1948).'33) Accordingly, the most of

                     ./.s.. .'                        tt                         t.                     a "'--"'+L-- materiaZs were fixed,tt/yg.!!!}-.l!9.2LVh 10 pigr...,eent neutral formol solution gor BODIAN,s

        tt . silver protargol method and FLIMICIIER's myeZin technique. The alcohol
                                           '                                               '  '                                      ' fixed materials were used for CAJAL's siiver impregnation method. '･ .

                            '      Embedding and Cutting : AZI the tissue specimens were dehydrate

 with alcohols and then embedded in para£fin. Sections were serially
 cut v6rtically or transversally towards the long axis of the tube with

                          '                                '      '                                                  '
 micr6itome.linto zs to 2o micron thick. .For the observation o£ the inter-
     ･-
 llllSzl.gigiSed SUbMUCOUs pZexuses, those were sliced horizontany or ･

                                t. t      Staining : The sections were staineq mainly with BODIANts silver

                                                ' protargol method, the type !! method of CAJAL and FLEIICHERts myelin t

 technique. TPe outlines of each techniques are as follows.

- (ll:lr.g,.BODrAN'ssilverpr6targoim'ethod(D.BoDIIyN,lgs6,37)?)7)

   . ..P;v!l:emove the paraffin with xyZol and run sections through absolute

                                    t tt alcohol and 95 per cent aZcohol. Wash in the distiUed water.

      2) Treat sections of formalin fixed materials for about 24 hours

 in a solution of 5 per cent gZacia! ac6tic acid. Wash in the d4.stiiled
                                                                't                                                                '                                  --     '

-9-



                                   '                                                  .-

                                              '
                                            '                                                 '                                                      '                               '                                  '                   '                                              '
                         '                                                 '
                                  '                      '                               '
                                 tt                                                     '                     '                                                    '                                 '                    .. t. t                           '                        '                                            '
                                       '                     '                              '

                 '                                              '
     5) Place the sections.-i,+p...g.n, e per cent protargoi solution containing

                        il4 to 6 grams of metalic c: p.pper ber 100 c.c. o£ soZution ; 12 to 48 hours

                                              'at 570C. Wash in the distilled water. Use the protargol solution'

 ' ' 4) Piace in reducing solution (beZow) for about 10 minutes.

     .' ,.1gram.hydroquinone ,
                                                           '                             '            . '.'5grams'sodiurnsuZphite ' .
                            '                                                               '                  .. 100c.c..-distUZedwater '･ ,.
               '
Wash throughZy in the distiUed water. . '
                                                              '
 ' 5) Tone in a solution of one per cent gold chloride, containing

3 drops of glacial acetic acid per 100 c.c. of soiution ; 5 to 10 minutes.

Section have a light purple color. .This treatment is always neccessary.

Washinthedistlledwater. ,. . . ,
' If sections do not have a reguiar color, place in 2 per cent oxalic

acid,untilentiresectionshasadefinitepurplishcolor. Tilne'is .

usually5tolOrptnutes.Washinthedistlledwater.,. . '
,,,..s,' ,::. :g"? ;ei:d:gi.i. ltxgglsazx:.:i:l.g.o i."Ilol .oi,3i.iiligli-.,. ,i .e, .k, -r..,ii?i:g,sxglg:･.

     7)Dehydratewithalcohols,andmountinthebaZsam. ' -
                                                          '     (2). Typ6 rl silver impregnation method of CIF,JAL (T.ldllzuMRA, lg5g)'e)

Do,ntRallfiMill.[teh-CtOhMgijigteie;.the aicohois .of aicohoi fixed tissue specimens.

     2) Plaee the specimens in a solution of 5 per cent silver nitrate
                                                      -                  '
                                                  '          '
                                                        '                                      '         '                                                       '                                                                '
                      ･ -10-, .         '                            '                                                                   '
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(AgNos)

     5)

     4)

       '                              'for about 7 days at 55eC (dark).
                         '       '                          ttWafi4 in the qistilled water for about 2 mi4utes.

Place in reducing sblution (beZow) for about 24

                't.

        '2grams hydroquinone '
                                     '                        '            ZOOc.ci - distiUedwater
                      '                      '                     '. 5to 10 c.c. ' form.q.l-i.n .-,.".... ..
                              -Dehydrate with alcohols,11 ' 5//'b'edded in paraffin,;

hours.

     5)

                                '
     6) Fixing, and goZd-impregnation in a solution of next prescription
  '
for15minutes. ,.-
          . .3grams ..hyposulphuricacid' .
                                                                 '                                                           '         - 5grams 'chromotrope2R ' '
               '                                                                '                                                               '                                                     '                                                                 '                  '100c.c.･' distilledwater･ . ''
                        .                                tt                 '                                      '
                 ･5c.c.- -asolutionofO,ipercent
             ..i . ,'.- Iipt,g4,g,b..i-9;.l.q.9 i'･L.

     7) wash throughiy in the watef`"'gt6Lr;S'o' minute"rtsK'";'t8;"more.

         '                                            '                                                 '     8)- Dehydrate, and mount in the balsam.

                                                        '                      '                                                          '                    '     The nervous'elements have black or brownish bZack color, and
oth'er tissues havel, yeuow ior 6rownish yenow.

     (3). FLETCHER's myelin technique (D.E.FLE[eCHER, Z947)3X)

by sp:hEZfu/yiERt.a M09' fied MethOd WhiCh was aiready, in lg22, reported

                                 '                                   tt               '        '                                  '     1) Remove tPe paraffin with xylol, and run sections through

aZcohols, and wash in the distilled water.

       '

                                 tt t
                              - 11 -

 ...        ---.-... -----
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                                                    ..  . 2) Place the sections in a solution of 5,O per cent iron alum (NH`F

Fe(So4)zt12Hi,Q-J---for about Z5,.rpipptes. Wash in the distiUed aater.

                       tt     5) Place ln SPZEU･IYER's modified solution (below) ; 5 to 10 rninutes

                    ,--･--- - -･･ -- --        '                                      '           ' 10c.c;-ZOpercentalcoholichematoxylin
                        '- soiution ･ '
                          ..t .t                                                  '                             '                         ..                     1drrgp' ammoniasolution(pharmacopoeia)

                     90c.c. distilZedwater .
                                                                 '                                                         '                                   .-     4)Toneinasoiutionof5percentironalum. . - '
                                      '     5) Wash throughly in the distUled water ; about ZO !ninutes. '

                                                       'Dehydrate with alcohols, an-d mount in the baZsam..
                        .t' l                           L'                        !l     Myelin sheaths haveXxa)b?sZue or iight blue color and dark blue or

darkpurpleinSCrwIANN'snucZei. ' -
                                             '                                                  '                                                 '                              '     (4). OtherStaining ' '.
                          '     '
     The sections were stained with hematoxylin and eosin for the

                                            'research of the general histolegy. Moreover, in the preparations of

                                                 'sUver impregnation, sometimes the argyrophilZic connective tissue

                                           tt .fibers are stained as well .as the fine nerve filjers, therefore these

          '
sections were counterstained with a solution of one per cent aniline
    '                                                        '
bZue for identification o£ the nerve fibers. -
     'c)1...}.Iel,ap.u..Fgttei. t. nlm.it.-T Jr.J '･ .J

      '                                         '
    .The size or thickness of the nervous elements was determined by

measu"LiLn.,e at the various parts using an ocular micrometer.

                          '                                          '                              '
                          '-

                      '                                                        '                             '                                 -･ 12 -
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                    ZII. RESULNS

                      '                        . t tt.
                                          '     1. blUi.CROSCOPZCAL OBSSRVANONS OF THE SUPPLYZNG NERVES

         OF THE OESOPHAGUS - -
                                 '                                          '                            '                        '                   '
     The distribution of the supplying nerves in the guttural and

                                '                     t.cervical portions of the gesophagus are about same between all cases

                    'and also between the ieft abd right sides of one case. The upper

portion of the oesophagus of cattZe is innervated by the vagus and
                                                                    '
sympathetic nerves. The distribution of those nerves shows the very

                                            '        'compiicated findings at the ventral part of the cranium, where bhey

                       t -..ur- .....tt.                     t t =--T.-.......-tt.anastomose mutualZy with' the branches derived from the lil glosso-pharyngeal

and hypoglossal nerves. Fig. i shows a scheme of the distribution
                         '                          '                                                      '::g Mp':t.".l.atZ ;:eZg12.ng.tO;.X?e "e"V9S i" the gutturaz portxon obtained by

                                   ..tt. t     The vagus is a rriixed nervFe, containing the sensitive, moter and

parasympathetic characters. !t is arised from the extensive region.

                                           '                                                    ..
of the Zaterai side o£ the restiform body in the meduila oblongatae,
                          -2･･                              'closely behind the glos..S4o..:p.h2!stlyyingeal nerve nucleus. ..TheTyalgus nerve

passes the cranium through the foramg. n lacerum, and llb,gett-svth'.li!!e-rr-gLl.ilP..elr

laDge jugular ganglion on the lateraZ waU of the,,,foramen. The

ganglion nodosum of the cattie is absent at the original point of the

superior laryngeaZ nerbe. . The superior cervical ganglion of the

                                                    'sympathetic nerve lies under the occipito-atlantal articulation.

        .t       '                              '                                      '                     t.                       '                              '

                                . i5 -
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            '               '                                    t.                                               '                    tt  This ganglion is ellipticaZ form! and about 1,5 to 2,O cm. in length.

                   '                                tt  This is conne6ted with the branches derived from both the glosso-

                                                 '                             '  pharyngeal and hypoglossal nervesj and also with the branch derived

  from tAe xi:agus nerve at nearly inner side o£ the bifurcation point o£

  the occlpital and internai maxillary arteries of the internai carotid
            '                                                                  '  artery. The vqgus nerve unites with the cervical portion of the

                     '  sympathetic nerve derived from the superior cervical ganglion, conse-
                                  '
  quently it £orms the vago-sympathetic trunk. ' However, the separation

                                                                 tt                                tt  of those nerves uan be done with gase. The vagor-s.y.-m.pathetic trunk .

  resulted by those fusion folZows along the dorsaZLtslt!sl9de of the common

  carotid artery. . From'the vagus nerve, the pharyngeal branch and the

                 '                          ',. Iateral, superior and inferior laryngeal, i.e. recuryent nerves are

  supplied to the pharynx apd oesophagus respectively, as shown in Fig. I.

       The pharyngeal branch of the vagus nerve is rpost thick, and has

  the characteristic of sensory-moter. This branch is divided into

  two parts. ' Th.e, branch given to the oesophagus is Zarge and passes
  backwards to th'e surface of thtt.p5irt6, ynx, joining witb the communicative

                      '  branches arised from the lateral and superior laryngeal nerves on its

                      '
  course, and its branch (lividing into two parts. ,One of which reaeh
                         '                                                          '                                                        '
  to the commencement of oesophagus is insinusted between surfacg of tube

  andthyr.eoidgland,andfurnishessome.branches. ConsequentZy,it '･-

                        tt / ,forms a very rich nerve network with the arbot:.l,.tl,t.e.olu.is branches. in the .

  upper portion of the neck of the inferior laryngeal nerve. The lateral
                                                                 '                                                                   '                                                      '
                   t. t                                                       '                                                                     '                                                '                             tt      '                     '                        '                                                      '                                                         '                                           '                                                  '                 t.                         '                      '

        '                          '                                                                 '                                              '                                            '                '       '                        '         '                                 '                        '           '
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          shown text.
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palatopharyngeus Keratohyoideus;thy,
thyreohyoideus tvlusculussternothyreoideus
                              /        eso, ; clmtiMusc.longus capitis
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                    -,                               '                                 '                                            '                                               '                                                 '                          '

laryngeal nerve exists onZy in the ruminants and is supplied to the

                     'thyreo-pharyngeal muscle.- This nerve .flris.es near above the superior

iaryngeaz nerve, and on its course,LteceivesIa large brahches'derived

from the glosso-pharyngeal nerve and another from the superior cervical

ganglion. This also anastomoses with the branch originated from the

pharyngeal nerve mentioned above. The superior Zarymgeal nerve is
                                     'little more thick than the lateral laryngeaZ nerve. This branch ,

rises below the preceding, receiving the lateral Zaryngeal! sympathetic
                                                               '
and pharyngeal nerves, and passes backwards on the lateral side of the
crico-oesophageal muscle (H.wAKuRg, N'6Xt,IC al.,,.lg6sa);et? 'where it divides'

                          . .v"                                                   '                                      'into two branches of the anterior and posterior. The posterior branch
                                                                         '                                          '
runs to the crico-oesophageal muscle and the upper end o£ oesophagus.
                                            '                                                             '                                         '     The vago-sympathetie trunk runs towards the thorax along the
                                             '
dorso.mecliaZ margin of the common carotid artery and the vagus separates

from the sympathetic nerve at the lower end of the neck. These enters
into the thorax passing the ctanial thoracical aperture (Apertura thorti.g,;.s

                                                                        ,                            - - v-.-.t.--craniaZis), and then both the,vagus trunk and the recurrent (inferior

iaryngeal) nerve receives the fine nerve bun'dlgs given 6y the cervico--

!t

11 .

ith9.Trp.9i991. .tt.9.ITg!i'.9n (Ga"e.1".o.rP.r.FI.e-i.igFg-ge.).･l, The inserior iaryngeai nerve

..T :. t.t..tT/.tt                         ' divides from t4e vagus trunk on the bottom part of heart in the thoraeic

            '                          '
 cavity.- The le£t and right inferior larymgeal nerves are not symmetrized
                                       'in the their origins ; the right one turns around the costo-cervical'

                '                                                               'artery whUe the left ?ne around-tie6.:o.ncavity of the aortzc arch. .

                                            '                                                              '                       '                                                               '                                    '                      .t                                           '                                                                    '                 '                                                       '                                        '                '



                                                     '                                '                                             '                   b..･ . 'S
                                         '                             '                          ttttttt ttt
                   '                                    '           '
                                 '                     '                            .t. t .                    .t t.
                                    '                             '                         1                                t. t                                  '                                               '
                     tt
                         '                        '                             '                                 '                          '                                              '                                             '                                '                      .t .. .                                                     '                                         '                                                    '                             '
Each nerves supplies much brahches to the whole oesophagus in the

cervicai portion, ascending the space between oesophagus and trachea,

and divides into two branches of the dorsal and ventraZ dt the upper

end of the neck. The ventral branch passes eowards the Zarynx at the

inside of the erico-pharyngeal and crico-eoesophageal muscles. The

dorsaZ branch runs fo rwards on the lateral sides of the oesophagus,

and again separates into two thin branches. The ventral branch

anastomoses with the branch of the superior iaryngeal nerve, and the

dorsal branch communicates with the brangh 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 muscuiar

                                            /1
'lhaY.g;h.a

. itfe;ht.h.e,ggifi.atge..d.1. .rbOMZatiO" i" the 3'blutenr+ll..c..rp.ep-n". er.+..c..t..-pt.----lye lt:' l+ s"ue

     :, ;Hi::iOiZo:iigS"iH,iG:,ti:l.(liii,Zil, .OF THE su]n?Ly]]iG ili.,.,., .

                                              '                          '                                           '     The n6tve trunk supplied the ypper half of the cattZe oesophagus

is the vagus and syrppathetic nerves. , On the level of the niddle

portion of the neck, the cross section of the nerve trunk is showed

in Fig. s. HistoldgicaUy, the thicker trunk of vagus a ll. flJ!llll}Ilg!d thZnne;,

one of sympathetic nerve are covered mith the different Lc.ra..-p.iuieEl '

of ,the c fnnecYiye tlssue. .v Aceordingly, each trunk of tl re vagus.and

                           '

       '
                      '                                    '                                   t tt tt                      .t                                    '                    ttttt .tt/ ..



i
i

                                      '                   lp･ e"

                        '                      '

sympathetic nerves can be easily discriminated in the cervical 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 bundies are composed of about 4 to 7 thin bundles covered with

the endoneurium. The thin nerve bundles are united with 20 or more

nerve fibers in number. Fig. 6 shows a sagittal section of the vagus

nerve. rn the P'i eparationsl,of FLE[IICHERts myelin stain, the neuroe ..

               /tt
keratin structure of the meduUated nerve fibers is observed clearZy.

Although it is difficult to obtain cross sectiens of all nerves throu-

ghout their entire coursq, it is possibie to measure the diameters of

nerve tibers at the specific points. Fig. 2-A shows ' the distribution

of the maximum diameters of the myelin sheqth o£ nerve fibers in the

vaf;us cut at level of the upper portion of the neck. The diameters

ranges Z,O to 11,9 micron. The results are divided into rnain two '

peaks ; 2 to 4,9 micron for 47,5 per centi especially includes the
nerve fibers of 5 to 5,9 ptcron for 20?5 per ceni within it, and 6 to

7,9micronfor28,5percentiaithoughthereisadistributionof .

some nerve £ibers (7,5 per cent) of 9 to 9,9 or rnore micron in diameter.
Z" the li,P.l.9P.9T.4V.i-O..-PSIiOf BODIAN's siXver protargol impregnation, there

are geen the axons of the different size in (liameter. (See Fig. 7)

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

of axon population lies within 1,O to 9,9 ptcron, and there are two

peaks ; 2 to 3,g rnLcrop for 5s per cent and 6 t.o. 6,9 miCI'on fOr LttiY..r..
f
i
.

                                     '                         ..t t. t                   '                                          '                                            '                         ,. ..-18- - '-
       '
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per cent. As shown in Fig. 2-B, the axons of t+ to 5,9 rnicron in
                       .t. .. t- t..ttttt.ttt..t....t.-...t .t...-t. ....J- tt t
diameter are evidentZy/kdi. vided inVg !uwo peal.t.s,i'.therefo!g larger axons o£

s to 6,g micron in diameter amount ii, tbJ-25,5 in peteentage. i -

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

                                                              '            '                                              'consisted-6f akout 10 nerve bundZes in number. ' The sympathetic nerve
                  .t                 'is mostly constitul ed of a great number of non-meduUated nerve fibers,

                                         'except quite a littZe number of stout medullated nerve fibers. Fig.

8 shows the features of the sympathetic nerve fibers which shows hever

any neuro-keratin structures in the myelin stain. '
   '     Moreover, the vagus trunk has many nerve celis. Fig. 9 shows

     'the nerve cells in th' e va.gus trunk on the level"+of the upper portion
         '                   '                                                   '           t
of the neck. The nerve cells exist continuously with the nerve bundles
                                               '                                          '                   - -/--- ･/of the vagus trunk, although sometimes:independently. i, The nerve cells

                                      d1                              t . .--tare mostly spheric or ovaZ in form but semilunar or starform in small

                                                                'number, and has rarely a few or more neuro-plasrnic processes.
                 ri                             .tAccordingly, thos' e"ivibUld be mostly the unip61ar, pseudo-unipolar or
                 /1                     '               , Lr.r..r.T.                                          '                                                      'muitipoiar in their form. However, the multipolar nerve cell was a

little in number. The nuclei of nerve ceZls aie stained clearly and

located in the centra]. part of the neuroplasm, or rareiy eccentrie.

           '                                       'The nucleus has the nucleoZi frOm 1,O to 2 in number. rn section of
                                                    '                                                 ,                               '                                     'middle portion of the nerve ceU, the mantZe cell.s arrange'around the
                                         '                                               '                   ttnerve ce.U, and those athe counted about 20 to 25 in number. (See Fig.

10) Size of the nerve ceils is 58,4 to 161,'6 micron in range, 115,9

- 20 -



                                               '
                    t･ ･s-
                        '

                .t                          '                    '                 '            'miE,ii6' ttX in mean. ''From these findings, it can be confirmed that the ..

;grgtUi nerV9 trU4k -S dXfferent Fom'the sympathetic nerve trunk in zts

                      .t . ''b) Fiber-constructionoftherecu'rrentnerve .

   '' On the levei ef the rniddle portion of the neck, the cross section

oftherecurrentneryeisshowedinFig.Ii. !tiscomposedofabout .
                    ..io to is nerve bdtt,s covered with the perineurium. !n thef"pf6bhr'a''t"i'6'riS':,]F"

ofFLEnlCHER'smyelintechnique,themeasuredvaZuesofthemaximum V

diameters of the myelin sheath of the nerve fibers are showed in Fig. 3-A.

Their diameters range X,O to U,9 micron. The peak of distribution is

2 to Lt,9 micron for 47 per cent and 6 to 7,9 rnicron for 27,5 per cent,

although there are a littZe nerve fibers of 8 to 11i9 micron in diameter.

filhere also are the non-meduZlated fibers of very dmali diameter in

this nerve, the values of which haye not been included in Fig. 3-A.

The measured values of the axon diameter in thel, preparatioislof BODZANts

siiver protargoi impregnation , as shown in Fig:;'37e'B"'i"'rhn'l-5'ffi,o to s,g

ntcron'. . 47,5 per cent of the nerve fibers measures 2 to 5,9 micron

and 29 per cent of them measures 5 to 6,9 micron. Figs. I2 and 15

shows the distribution of the medullated and non-medullated fibers in

therecurrentnerve. ･ .. '
..

                             /.     3. HISTOLOGZCAL OBSIEllIIVATIONS OF THE NERVE SUPPLY '

         OFrHEOESOPHAGEALWALL .,- -
                                       '
                '          '
                                           '        '          '                     '
              ..
                                   - 21 -
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                                '                  .t               '                    '             '
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              t .tt tt ... t.  , a) Nerve trunk in the oUter connective tissue sheath

               '                                        '       '
     !n the outer connective tissue sheath of the upper portion of the

oesophagus, the nerve trunk fragtnents of various ehickness derived from

the recurrent nerve are frequently observed in the section. There
are the rough nerve networklldl6it/tll'aTb'Ylthe''.riof.VgLt.i'GhisST 'In''Ttfi6.'llouter

connective tissue sheath. !t is a s' o-called perimuscular nerve network.
                           t tt
As shown in Fig. It+, the nerve tru prlf.F.rt.S the perimusc,ular network ru'ns

winding and including both the medti11,;qLllf d and non-medullated nerve

£ibers. Figs. is and i6 shows a gtTIEIgiion found in the outer connective

tissue sheath on the "
level o£ the middZe portien of the neck. The

                     '                                    '                                              'ganglion cells are count g.-d...gb"oy.P.-.i2iOTdi,,in number. As shown in Fig. I7,

there are the muZtipolarigg!yLe-,cellS. Each cell has a round or-oval

nucZeus, a distinct nucleolus and granular and pigrnented protoplasm. .

The ganglia aiso are sometimes found at the upper or Zower portions

of'the nerc,k. The gangZ ion cells wiU be classified into the most

DOGZEL's type r and a few same type T.I by the arrangemeht and size of

theneuraxisanddendriticpro"esses. - . -
                                        '                                                   tt                        '                                                              '          '                                  ' ..b) ThenervesupplyinmuscuZarcoat . .. . . '' .

     (Z).I/.Z-n.P.tt;.R..uscularplexuS..11-'. ' - .
                    . T'Lttt'7-t-tt-LTTT.--e-. t--t.-

     The muscular coat of the whoZe oesophagus o£ the cattle is consisted
 '

of the cross striated musele. . rt is classified into two main Zayers

by the lucent muscZe membrane or the poor connect-ve tissue. .[Pl }e

                                         t.                .t ....                          '                      t t .t                         '          .. . .-25-･                                '                        '
       '                                              tt               '            '                                               '                                    t: .                                                                 '                                   '
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                                       ' intrinsic nerve trunks ramified frorn the nerve network in the outer

                         ' c6nnective tissue sheath penetrate the outer muscular layer, and

                                                    tt frequently arbor.l.g.e. on its course. (See Figs. 18 and .19) . These nerve.

                // /t... t trunks forms a i.,o.arse meshed plextis between the o"liigtl:-f}ir and inner muscular

                                                                      '                                 tt layers. (See Fig. 20) . Especially, the muscuiar layers £brms the very
                                                           '                                     '                                         '                                                '                                       ' irreguZar stratae between the crico-oesophageal muscle and the upper

                                  . tt end of tube.. As sh,oym in Fig. 21, there are the formation of the

                           ' triplicate intermuscular plexuses clearZy. It shows the particuiar

                                        '.-S.Le.9tY.re.+9.g.MParing with the intermuscular plexus in other places.

tqep.erally, the piane figure. of the intermuscular plexus shows Phe .

                                             ''network of the lozenge, trapezium or muitifarious shapes. Moreover,

 in the uppe; por.tion of the neck,, the Ciber construc9ion of 10 nerve

 trunks of intermuscular plexus shows in Fig. 4-A in the sections

                                 '                         ' stained with FLEIICHERIs myelin technique. . Range of the fiber population

                                                             ' lies within 1,O to 8,9 micron in diameter. Two p//a}sE.,of the'fiber '

                                                   tt 1 population are 2 to 5,9, micron for 44,5 per cent ariA:'{51i,,to 7,9 micron

 for 56,5 per cent. ' There also are distributed much thin non-meduilated

 nerve fibers which have not been included in this histogram. While '
 '                            tt the fiber construction of th,e intramuscular nerve eriginated from the

                                                              ' nerve trunks of intermuscular plexus is given in Fig. 4-B. There.

                  ' are seen two characteristics of 2 to 3,9 micron (57 per cent) and
                                !･ ,-
 5 to 5,9 micron (21 per cent) in diameter except for the non-medullated

 fibersintheintramuscularnervebranch. ' . .
 '                 '                                                  -         tt                                   '                                '       '                       '     '                                 '                           tt                       '                '                            '                          '                              '                  '                                   '                      '                                 '             '                      tt                               '                .. -24"
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   . On the cross point of the nerve trunks of the intermuseular plexus,

the ganglia are aZways formed. Rarely some ganglia are found within

the outer muscular layer. (See Fig. 22) The ganglia in the niddle

and lower portions of the neck of th.e oesgph=a..gu..s..gi..e..g.e-pgr.a-l.ly smaUer,

                            .- . --.''.
in number and size, tha4 .thatiin'thevuppe.rmtortxon of the-!!ft29c,k. Figs.

16 and 23 shows a typicaz gang±i6n f6und at the nodal point of nerve

trunks in the intermuscular plexus of the upper portion of the neck

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

of the gangZion, t4.g.;..g.-are grouped the nerve cens of about 2o inIhim6e'r':'' !,

rn addition, much kman :i accessoryl66its'-ti't'e"-s='6t7i iiere'a'"'6-eEiv-'e-'6-n-' Lga' n-.'grri' -i6fi"` F･ '-'

                       :/ -                  -p ] t-J--t rtrcells-. !n the present investigation there was never found any groups

of ganglion eens of :so or more in L4tl.t/.tl.lt/Iijili Generany, in the inter-

muscular plexus of the cattle oesophagus, the ganglion cells are

grouped in number of about 5 to 25. The nerve ceZls are sometimes

gathered at the regular place in a relatively large ganglion. However,

there couid not be observed the special relation in arrangement of the
ganglign eens. The nerve ceus are II'in-uxq,eg}.a./lli//2ih form, and many

of those wiiZ be classified into DOG!EL's types X and rr cells by the

arrangementandsizeo£theneuraxisandmanydendriticprocesses, '
although there are some young type. The neuraxis of nerve ceZl is

   IFlong..(Slee Fig. 24), and extends out one of the. nerve trunks of pZexus
   il    t/leaaii+g from the ganglion, usually as a non-meduZiated fiber. The

medullated fiber found in the nerve trunks has no connection with the

                              '                       .
     '
            '   '
                  '                                   '
                        tt
                                                                 '
                                              '                                                             '                                                            '
            '                                                     '

                                      '
                                         '                               '
                              '



                         '
                                                    '
                          '                   '
                        '                     '

                                            ..

                            -1 -･                                      tt
                             '                                                    '                        '

ganglion ceXls. As shovm 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 pecuiirarL',change in thickness, sending out the numerous branches

         '         Z-
±n its course and shows the serpentine running to end in sharp points

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

nerve network (igtl!g!1.e. Kig.s). is formed around the blood vessels in the inter-

muscular connect'

     The nerve bundles originated from the nerve trunks of the inter-

muscuiar plexus, sooner or later, furcates repeatedly to terminate on

the cross striated muscZe tissue. ' Although there is well formed the
delicate network with the terninaZ nerves in the intram"L!, f}:EE,als,`, especially

in the intrarnuscularis, as shown in Fig. 27, it, Zately, becomes the

terminal nerve stern £iber. Owing to the present research, author

found clearly the autonomic (vegetative), sensory and moter nerve

tdeeg:;2.bateidO.::t-e':.the MUSCUIar COat of cattle oesophagus, which wiu be

                                                  '                                                                 '' (2). Autonomicnervetermination
                                                        '
     The terninai nerve stem fibers are accompanied by Uttle non-

medullated nery.e fibers. The non-meduilated nerve fibers leave the
                              /,
stem fibers and arborize gradu"LIJitSyi,Powards the muscZe £ibers. (See

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

formed of the finer nerve fzber-s2:;hlch are found on the surface of the



                     A' ･.' ･ v
                t.                                                 '                            '                .t
                                                     '                  '
                                               '
                        '
                         '

                                                        '                                   '                                                                   '                                                          '   cross striated muscZe fibers of the upper end of tube, especially in .

   the crico-oesophageal muscle. , :t innervated the muscle fibers, closely

   contacting them. . There are some special eeU nuclei of the large oval

   or eZlipse form.,,. The cell nuclei are a little larger than SCHWrmts

g;C:,e:' ',.. 2･fi.2i;g:,g.alikig;Y,:: ;:,e.:g&cle.z;3g.geg;:x2:.yhe co"tact

, ' .(5). Sensory nerve termination . .. -'- /.

      , The sensory nervg terrr}ination was found on the level of the upper

   :,ng.Z£.l:e,lg,ke:.e::l''...Zh,:..gg"t:.tg;M.i:2,:Il.;:,i:,ih,g.£ree typg･ and

 - Freenervetermination:Figsi.50and:5Zshowsthefreeterntnations

 ' in the connective tissue found among the muscle fibers of the upper end

             ;   of the cattle oesophagus. ..All the nerVe ijbers runs in the winding,. '

   courses,' showing a rather remarkabZe change in thiekngss, but they

   do not send out any side branches. The terminal axons are sharp.

   Some speciai cell nuclei are seen elong the nerve fibers here and there.

   The sensory nerve fibers were counterstained with a solution ot one .

   per cent aniline blue to identify the argyrophillic connective tissue

   i:):';S.fi. 6' ?Ui:.t:"6:ll"gii::: a,:g.fa'eiY £Ound in the middie and iow..

x2g5..,:a.i'ig:di.-li:e.:ei:i.nZXk'Og,:.gl3'.5i,:2.?wg:,:a.i;'::g;-ki:.f:.:g:r;"e.

   Iayer of the upper half ?ortion of the cattZe oesopPagus. . The siz.g,
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                   l' ' '4'                         '                                               '
                     '                            '
                       '                                              '                                             '                                '                                                  '                     '                                             '                                    '                         '                       ./ t                                       '                      '                  -.. .                      '                                               '                    '                     '                                                       '                              '                  --                       '                           '                                              tt                                 '                        . ttt -t                       .t t.t                                                    '                      .t                      t.                                    r.                    t... .                                         '            - -,･ -- - - -/ ---"-.------- -:- -----                                                                        -Iof the muscle fiber is.equal to or bgrely thinner 1･than 'thatt of}tth'eL-orclinary 1

                               'muscle fibers. A thick terminal meduUated p.erve fiber divides into

two or more before joining to the m"sgle fibgrs.t...".-IS.-b.Lg.1rp-yeZiln. s.-h.eathS

                            .-1 i                                   ･t Fin these ramificat.z'o4.are.lost after i.hq,vi.ngH.pa. .ssgqu.through.. ,the stl,.psule

                                    --of apparatus, and' the axons run winding on the surface of the muscZe

fiber. Thereistheglia-Zikecells. Inaddition,somelanalogous i･
                                                          s
terminations were found in the other instances, although it could not

be confirmed the continuation between the terminal nerve fiber and

                                              'g:see;egndd.er On the.aPParaV.YS. .IIoregver, no thg. myscle ,spindie yas

              tt                            .t                           t .tt                                              '     MErSSNER's corpuscle : Fig. 55 shows a terminal apparatus which

                   t t .twell resembles the corpuscle of BIErSSNER. !t was found only in the

             '
inner muscular !ayer o£ the upper end portion of cattle oesop.pa..gus.

This corpuscle is 50+ x 250 micron in size and eZlongated i,ellipticaZ iL,,

                                                        rt.tt.-trrT-t" .ttt.tT..
formation with rounded ends which is covered. with the translucent

connective tisgue sheath. The medullated n.erve fibers of 1,O to 35
           .t                    .1in number enters from the other end of corpuscle, where it loses the

                                             '                      '                 'myelin sheath, anq arborizes the some branc4es. The fine nerve fibers

                                          t.            '                                         'lllethapebg;:::gile SerPentines between flat taste cegs which lies within

                                                 .t                   t t tttt                                           '                                                       '              '                                             '     (4).' The size of moter unit - .
                        '                                             '                                                        '     AZthough size of the moter unit must be calculate by ratio of

                t ..
the muscle fibers and nerve fibers in the muscularis o£ oesophagus,

                        '                       '                                            '                                              '                   '                                                '                       '                            '                          '                     /tt . - t..         t.                                                 ''
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it is quite difficuZt in the practical research. rn the present

study it was conjectured from the following data. Eig. 34 shows an

interesting grborization of the terminal nerve stem fibers diverging

horizontally and radiaily into muscZe. The terminaZ nerve stem fibers,

therein, can be counted about 7 in number. Usually, each divergent

nerve fibers; on its course,. repeat the furcation more than twice. '

              '
The furcation of a terminal nerve fiber also can be seen in Figs. :56

and 57. Fig. 55 shows three terminaZ nerve stem fibers furcated £rom
the terminal nerve biindle. 'The terminal medullated nerve fibers
                                                                    '      '
derived from the terminal nerve fibers are innervated to the muscle

fibers wtth the moter end plates. . From these results, author estimated

that the moter unit of oesophageal muscle of cattle is approximately

i2,t;:o,ii.b:g:.i".:¥.:b:'tl?,.Lllrs/i,geggh.gr,,:a,n.g,' ::.glgwg,i2.iifs.',gg,..'

morefibersinnumb.er.

. (5)."!oternervetermination '' ･
     The m,gter nerve t'errpinal apparatus is classified into two shapes ;

types Z and IZ. .' One' of those (type !) has the ordinary features .

resembling morpholegically to the moter end plate (t' en plaque t') in

the skeletaZ musc!e fibers. rt is formed everywhere in the oesophageal

striated muscLe of c'attZe. [Vhe other shape (type ZT) is the apparatus

resembZing to the moter end plate described by C.R.DUTTA et J.V.BAS-

MAJIAN (ig6o)26) an9 the others. rt was found in the crico-oesophageal

                                                         '   '                -l.' .-                                                                     '              t.t tl t                                                                      '                            '  '                           '                     ttt                '' -50-                           t.-.

                       '       '                                                                     '            '                                        '     '                      '                                                             '                    '                                '                                   '                           '                '
                                           '                              '           '
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                    . .. t
museie, aithough it generany, "'hhg'' l,the ordinary moter end piate.

     Type z moter end piate :'litll;61oesophageai muscie o£ the cattie is

generaUy endowed vri.th a single end plate on the muscZe fiber. There

aiso was found,Ltjsmau number of mgitipze innervation £orning the twe

or more end plates on a muscZe fiber. Figs.58 qnd39 shows the .
                                                            ,
gl;:l g:i,f::t.xr,gs.lf,gza:r.di.:g;y,.m,.'ger gg:..xz,a:.e i--ll,llitrg,.III/tttg,ehi i.:.o:s

from iight microscopy, it i$ impression thatttch morT6' tlill5.llnH?tt.-ttg.r6Igipww'.'"-'rTS'" 'xy.g:isz>

60 per cent has the ordinary motey end plate. Single terminal nerve

fibersof2to4ormorenicronleadin'gtothemoterendplatesare '

characteristicalZy short,.often passing over more than two or three

muscle £ibers before forming terninaZ arborizations. The moter end

piate[1/was located near in the ntddle part of the cross seriated muscle

fiberst nameiy, it is a simpze innervation. The pro'ber amount of

so-called muZtiple (double) innervation in tPe oesophagea'1 muscle of

cattle, as seen in Figs. 40, 45 and 74, was found at the u ettLe-rv.tlalf

portion of tube. There exists an ordinary end plate and est--g.!glEPIe

accessory end plate, and these are' innervated by an unitary nerve fiber.

Thediste.ncebetweentwomoterendplatesranges60to150micron. .,
Figs. 41i'i42'a:nd 75 shows two ner've fibers in an ordinary moter end

        +'''t'-TtL"'t                               }
plate. ' Relatively thick one is the ordinary. moter ner.ye fiber of 2

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

grdl?ary thick fiber. /. Th-s finding -d]ifrrs from the f.p.ultiple innerv7tion



                            '                                                   '                            '                    g･ 'K
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                           '

          ' '                                                                '                 '                          '       '
mentioned above clearly, although they have a similarity of histological

appearance each other. The thin nerve fiber is called the,accessory

or secondary fiber by previous authors s.n, d it fornyis a simple small

end plate. The moeer end plates accompanied by the accessory nerve '

fiber are evently found at the whole upper half portion of the oesophagus.

The thin fiber shpivn by the arrow in Figs. 43 and 74 is the uZtraterminal

nerve fiber. This nerve fiber forms the ultraterminal end plate on

a different muscle fiber' . In addition, it was rarely found the tripZe

innervation endowing the three end plates, as a totaX,･on a muscle

fiber. NameZy, the tt terrptnaison en grappe ,, found in the oesophageal

                              s
muscleofthecattlewasso,rare,asshowninFigs.57and72. '

   . As a rule, both the moter .end plate in the simple or muitiple

innervation and the end plate accompanying by the accessory nerve

fiber have the sirnilar feature neuro-histoZogically. Those.'detaiZed

feature is invariably characterized as the foZlowing descriptions.

(See Figs. 58 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 ; 50 x 50 micron on an average. The terminaZ medullated

nerve fiber attached near to the rpoter end plates penetrates through

the sarcolemma after losing the myelin sheath, and the axon immediately

arborizes into 5 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 rareZy recognized in the preparations of BODIANts

                                  '                                             '                                 '
                                                  '          '
                                                                   '                                                                 '                                                  '          '                             '                       '                               tt                                                                 '                                         '

                  '                         '                                                            '               '                                                                '                         '                      '              '
                                               .t              '                                                                 '
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                        ' '                                     t tt                                              '
silver super.-impregnation. The ovaZ or ellipsoid nuclei in the moter
              ''-'t-''J" "rTi.t.-/
           'end pZate a,7s.-pHp.-serpb12ts in num6gr of 6 to g, 8 on an average in a poor

sarcoplasm. There are formed so-called DOYEREts eminence unappearanVly.

These nucZei are stained coarsely. The accessi ory end plate in both '
              -
the multiple (do yble) innervation and accessory nerve fiber,has so .'

simple in structure, that it has only 2 to 3 terminal arborization

and 2 to 4 nuclei. (See Figs. 40, 42, 72, 75 and 74)

     Type Il moter end piate : In the crico-･oesophageal muscle of the

cattle, the type T moter end plates are formed usuaZly, besides, the

type Zr moter end pZate (bajonettartige Apparate)i as shown in Figs.

44 and 75, is rarely £ound therein,. Zt is an end plate, where the

about 4 termina! nerve fi Pers ramified from the terminal nerve stem

fiber ends on the muscle fibers with the plump point or very minute ,

dispersion. t.The relationship between the oval nuelei located around.

the pzates and the axons couzd not be' rdll'srtioseiil,in detaii. Moreover,

one o£ the terminaZ ramification in this end plate anastomoses with
                                                                    'a fine nerve fiber comeVNtrem the different direction. .Author should

liketobelzevethatitwould ?ea-n,,accessorynervefiber. , -,,

     c) Nervesupplyinthes"I!lrp-u-c.ioustissue .. . , ' '.
                                                      '          '                         '                                       '
     rn the submucous tissue of the upper end of eattle oesophagus,

the submucous (ICErSSN]MFI's) pZexus is well developed. It is formed''

far poorly in the mzddle and lower.p;;lons of the neck . The rftgjo,r,

                                  tt
                                       '                  '                                                        '                                 '
                                                              /t              '                         '                                         '      '                                      '                                        tt                                                  ,         '                                        '  '
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  portion of the submucous plexus lies closely to the inner muscular layer.

  Author found the large ganglia in the submucous tissue of the upper end

  of the tube, as shown in Fig. ZF5.' The size o£ the ganglion ceZls is

  smaZler than that it in th'e outer connective bissue sheath and inter-

  muscular plexuses. There are some multipolar ganglion cells. That'

  ±s, some nerve ceUs belong.to the DOGXEL's type I ceZl, whiie m'any,

  of those to the DOGrELts type !r ceU and young type or smaller nerve

  ceUs. The nerve cells are counted about 10 to 20 in the cross section

  of the niddle part o£ the ganglion. Fig. 46 shows the fragments of

  ggg g",::"go:s.,p,l:x.:s,ih'g"X..:1 ths.,geg.oxh,:.g.g.ai,g::.tlbig .o:.:e,:ail].e.

  n4e6r:2dc2il:re C!aSSified into two types ; argentophiie and argentophobe

 ' - the oesophageaZ. gZand i.s.viell developed in the vestibZe, as

  shown in Figs; 46 and 48., ..There are- the thick nerve fibers in the

  giand tissue. (See Fig. 48) By the observation of the sectign, the

  formation o£ the rough nerve network (periductai plexus) is recognized
 'around the glanduaZ ducts. (See Figs. 49 and 50) 'The thick nerve -

  fibers in Figs. 49 and 51 ar,e the sensory. One of those enters into

  the smaU glanq tissue and the other ends sharply in the connective

  tissue of the circumference of the duct. (See Fig. 51) The intraductal

  ner.ve fiber was not found. . As shown in Fig. 52,, the £ibers are richly

.distributedaround ,theterminaipoit.;:n-ofthgglandtZSSUe f9M.e
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nervefibersareterminatedfreelyaroundtheglandceZls. -

     ･rn the submucous tissue of the middZe and lower portions of the
                                         '                                                                  '                                                               '                                                     tt                                .. ..... /neck of cattle oesophagus, the nerve supply is ilpoorer thanlin the i

                                              1t                                                                   1
oesophageal vestible and the upper end of the tube. As shown in Fig.
                                                '                                  '55, in the upper portion of the neck, there are supplied the thick

                                                '                             'nerve fibers of the fragrnents of the'  submucous plexus. They run in

       '
parallel yvith the surface o£ the mucous membrane. Plany of nerve

stem ramifications originated from the plexus runs towards the lamina

propriaaccompanyinglytb.g-..le.ttgro.-t/vessels.(SeeFig.54) The.nerVe .

                    /dsupply of the lamina::1.rp.g. scularis .rp.u. cosae could not be studied in detail.
                    L.-7-e.. '..=r-                      ,The (listribution of the medullated nerve fiber was not recognized thergin.

                                                                tt                                                                       '     d)Nervesuppiyinthemucousmembrane ' .. ･
                                                            '                                                '                   '                                                    '                                                  '                             '                                                                       -   '
     The nerve supply in the lamina propri.a is usually poor except in

the oesophageaZ vestible. The nerve stem fibers which priginated

from the .submucous pZexus, as shown in Fig. 55, includes tw6 tYpes of

                                       'the argentophiZe and argentophobe fi6e'rs. The argentophobe nerve fibers
                                        t tt                                                                  'should be considered the fine fibers of the autonomic nervo"s systern7
                          ×
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                                                                  ' but no the tetminal reticulum was''recognized in detail.. -Figs. 56 and

                                          '                                      j･ 57 shows the fragments of the networkiin the lamina propria o£ the
                                      l..･ J
                                                  '
 upper portion.,gf the neck o£ oesophagus. There are many fine nerve

 £ibers, £evi thick nerve fibers accompanied by them., Thick argento･-

 philg nerve fibers are terntnated ntear bY the lamina propria or '

 papilla of connective tissue. Fig. 58 shows' the simple serpentine
                             ..t''' T'.rt'.'-"T'T.'-'''. '-' V' ''-'.--- ....-.                      .,. tT'.' '".-."tt.T.tH . t.t.. t. t"T'"'''ttT'tt' tt 't  t-t'''''-''t'''''
'
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                                     '             tt
thick nerve fiber found on the level where the oesophageal papilla

exists. It has some SCHWANNts nuclei and terrninates in sharp point.

Fig. 59 shows the simple peculiar serpentine nerve fiber in the lamina

propria of the upper portion of the neck. !ts terminal end does not

show any perceptible difference in thickness. Figs. 60 and 61 shows

the nerve fiber foraied into the papilla of larnina propria in the upper .
                                                         .L -.and middze portions of the neck. - :t reaches mostly the etg. Reppilof papUlae

withoutthemyelinsheaths..ThenervesupplyintheoesophageaZ '
vestible of cattle is well developed, as shown in Figs. 62 and 65.

The nerve fiber te;utnates rarely in the lamina propria. On the

;buSeoeurllatplg;usOfwl.hzei Sexel.gi?nl it is supposed that the formation of the.

     The nerve tiber in the mucous epithelium was detected in the

oesophageal vestible of the cattle. Fig. 62 shows the fine nerve

fiber in the epithelium originated £rom a nerve stem fibers of the

mucous plexus. Fig. 65 also shows the intraepithelial nerve fiber

in about same place. The terminal bnd of the nerve fiber is knobbed.
;h.:.l"lXa:,Pl'tl.elizi.:.e:g? i;2e.r,l.e.t2,e,upp;:.go.'x:';:.of,:2sglitiel."c'k,:gs

:gint2?IZUM rUn in MOre or less. wznding course.s between the epithelzal

     4.NERVESUPPZ,YOFNHEOESOPHAGEALPAPILLA .

     Tn the oesophageal papzUa of the cattle, the nerve suppiy zs poor

                           ･･'-36- ' .
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in botNh the aduits and young cases, aZthgygh there ar'e the some thick

nerve £ibers and special nerve ceUs. The nerve fiber in thq lamina

propria of the oesophageaZ papUla runs along with the blood vessel or

capillary in general. Fig. 65 shows the typical histologicai featurtr/.･f

of the oesophageai papilla of adult cattle. Figs. 66 and 67 shows the

simple serpentine nerve fibers in the !amina propria of the oesophageal

papilla. The nerve fibers show some perceptible differences in thickness

Therearerarelyrecognizqdthesimplebranchednervefiberprovided '

with a conspicuous varieties in thickness. Fig. 68 shows the serpentine

nerve £ibers., lying beneath the epithelium, with some perceptibie
                        - -ldifferences in thickrzess, and its tip enters into the secondary pa,piZla.

Fig. 69 shows the fine nerve fibers in the secondary papilla. These '

£ibers terntnate sharply with a minding courses. "loreover, as shown

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

Generxtally, tliese nerve ceZls are located around the bloo(l vessels and

forfuCl,L,,hr,,`e extensive network by the junctions of the axis cylinder proeesses

ofthenervecells. rntheoesophagealpapillaofthecalves,the .

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 speciai nerve cell was not observed. in the

lamina propria of the young cases. The intraepitheiiaZ nerve fiber

wasnotdetectedintheoesophagealpapilla. '
                                                            '                                                         '                  '                                           '                             t tt                                                            '                    ZV. .DISCUSSIONSi . .                                                 '                                                        t.                                                              '                                     '
                         '                                      '                                    '                                                               '                                                             '
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                            tt                             t.      z. THE SUPPLYING N]IRVES OF THE CATTLE OESOPHAGUS
    N                              '       1-t -                                                    '                                 '                                                                '      The macroscopical findings of the supplying nerves of g.g.Y-.t.le...-...-........T..

                                . t.oesophagus generally coincide with the descriptions of theil preceded'worke'rs:i

                                                                           - /.                                       . .-L..-.L...../L......"..... .......-.±                                             ' 'f' t                                             tThe nodosal gangZion is absent in cattle. I,Same'.･finding,' in:iiteratUre,1.･

already have been described by A.CHAUVEAU et SIARLOrNG (1875);e) Y.KATO ,-

 (lg61),ee> Howpver, W.ELLMgBERGER et H.BAuM (i932)2f) and S.S!SSON et

     .                                                                       '                                                                 '           '-31bl]GRossvfAig (igsg)'VS)described that the piexus nodos"'ts''-6ii gangiion

                                                       N                                                                     '                  'nodosum is formed at the beginning point of the superior la T..Y. riL g=99.-1--g.e.!Y9!-..".-.--"T

./.i,. At the upper end of the oesophagus, there are suppliedl,with'the'ph-t.ryngeal i/,

branchandsup'eriorlaryngeaZnervederivedfromthevagus.Thephary- '
        ..    'v              .ngeatn.';b;anch is a very volurninous nerve, as 9,e.f,,tt/gribed bLyma.LA-:,CHAUVEAU et

s.ARLolNG (187s),'e) !.vAuGHAN (lgo8)'62) and s.sx!.-ESoN etLJ.D.i,(IRosSMAN (i959)

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

This small branch is named the oesophageal branch o£ the pharyngeal

nervebyA.CHAUVEAUeti iS...t.tl.LOm:"[N.!gl.SE!!fZ(187i.)?) H.Klr{ATA.etal.(lg62)06)

studied the distribution and supplying areas of the vagus nerve in the

                                  '                                     ..                                                     '                                                          'goat oesophagus. Namely, they described that the superior laryngeal

nerve innervates the cervical portion of the goat oesophagus and the

oesophageal branch o£ the recUrrent nerve innervates at the area from

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

contract'6r"i'jct''i' peristalsis of the tube.' R'.W.DOUGHERTY, R.E.HABEL et
        v--- --L -"                                                     '                                                   '
H.E.BOND (1958)-" studied experimentaUy the suppZying areas o£ the

moter nerve in the oesophagus, using the decerebrated sheep. The
                                                t                                            t-.L-tt -)                                                    '

tV6)
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results are about' same to the findings described by H.KIMATA et aZ. (lg62)Z6)'

Author decided that the suppZying areas of the superior laryngeal nerve

                          '               .in the oesophagus of the goat and sheep are a little more expanded

than in the cattle. A.CHAUVEAU et S.ARLO!NG (1875)'9)descrgbed that

        '                          'the oesophageal branch of the' pharyngeal nerve anastomoses with the

              '                                           'branches derived from the inferior laryng.eaZ nerve in the upper end of
                                        ,:the, oesophagus, where -`ge+)t6rms a very conspicuous nerve networ'k.

According to the resuZts of the present invgstigqtion, such nerve

                                                                   '
network was well developed in the area £rom the crico-oesophageal muscle

(vestibZe) to the oesophageal papilia in the ring of muscle at the upper

end of the tube. Zn the rniddle and lower portions of the neck of the

oesophagus, the formatio4 of the nerve network is very poor. The .terminal

nerve trunks originated from the nerve network in the outer connedtive

tissue sheath are immediately entered into t.he muscular coat.

     The vagus nerve in the cervical portion is accompanied by the

                                                                  '                                                   ttsympathetic nerve covering with the different connective tissue sheath.
N.TANAKA agss)Se) descri6ed I,EltJh.qv.tthe vagus trunk of the dog joinilEtEiMililiE ..ve,iL.thli

the sympathetic trunk so that it is difticult to separate thern in the

     '
cervical portion. In the cattle the separation is very easy, as in,

the hors.e. The fiber construction of the vagus nerve of cattle is

                               'compZicated as seen in Figs. 2-A and B. The distribution of medullated

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

6 to 7,9 micron £or 28,5 per cent, while 10 per cent of the nerve fibers

                                  - 39 -
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measures 9 to 9,9 or il,9 micron in diarneter. The thin' non-medullated

                 '                      'nerve fibers were not researched in the preparations stained with

FLE[PCHERts myeZin technique. Author gttess that a very small number

of the thin non-medullated nerve fibers may be included in the thin
                                                                ..t....-.-.tt.tL-ttLttt                                                     .. ......t.J . L-±.-...r --.                                                 t. t.                . ....t.. .t.dt.r....                                     'diameter fibers of 4,9 or 5,9 to 2 or less l･,micron of the histbgram of Fig. 2-B.

                                          i            ' .Nam6,ll!Ly.t"/there are seen the distribution of both the rnedullated and non-

 mequlZated nerve.fibers. {I!.rWANAGA (i961)") described that the

                               ' meduUated nerve fibers ef vagus of the crab-eating monkey (lgacaca irus) '

                                            t. are 6,O17 as 'a sum total. !n the vagus nerve of cattle, the number
                                                          '     ' r' ''----- of the medullated fibers is cal.-cu!g,ted by the findings mentiened

                    '                                        .t                                  '
 above that it is far greater than that o£ the crab-eating monkeyts

 vagus, aZthough quantitative discussion o£ the nerve fiber was not
                        '                                                                    '                           .,. performed in present research. According to D.E.HrLLr`IAI" et J.J.TAY!PR

 (lg63),bD they described that the neuro-keratin structure of the rnedullated

 nerve fiber is a product which is originated from the destruction of
                                                              ' the fiber, altheugh it consist of the reticular framework of n6tulHrg-1,

       ' keratin and spaces. 'M.NAKANrSHI. et C.R.Rr (195k)"6) described that

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

                     '                  '
 fibers are included in the vagus nerve of the cerv;cal portion o£ the
                                           ' rabbit oesophagus. In the vagus of cattZe, the reiativeZy thick

 nerve fibers (6 to 7,g or more micron) is about 55 per cent in £reque4!.y.' i
                                                                       -L-L- nyJ                              ' (See Fig. 2･-A)..According to T.KURE (193Z)!2t) the thick medulZated

                   '             '                                               '                                                                      ' nervefiberinthevagvtstrunkentersalmostintotherecurrentnerve. .
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                  '
                                                    f                  .A '. .V
                            '                 t-                                                  '      '                                                '                     '       '                    ..                               .t                                                              '                            '                  .t
                                         '                         tt                      '                          '                                              '                          t.                               .t                        '                                                              '
                              '
                                          '                                                  '                 '
                         '                                          x                                '                                  . t. [. tpT.SHIBA (1928)t"S) described that the nerve fiber of 5 lor ･iless ntcron in ..

thevagusaretheautonomic(parasympathetic)fibersinthedog. .

     The presence o£ the nerve cells in the vagus trunk have been noted
by H.E.BROWN (i955);6?.B.DOLGO･-sABURoFF (1957) !"") ,s,N!sHZ (lg4g),"O)

s.oKrNAKAetT.NISHZ"!OTO(lg51);Z･5)etcr. Thefieyv'ec6us''inthe

                                                      'vagus trunk of cattle varies £rom sphdric or' oval t6 semilunar or stellar

1:,:ge.i...Na";i.h,te.:i;,.fih,,a,Xei,gig?,,t,hS.:ip,g:a',A.pg:",S;;g:igogar, o'-'

vacuole-containing ganglion ceZls in the ganglion nodosum o£ the vagus

nerve of rodents. However! no such vacuolated cell was obseryed in

the nerve ceU e£ the vagus trunk of the examined cattZe. The nerve

celZs are distributed mpstly on the level of the upper two-thirds o£ .

the gervieal portion of the tube. ,,. According to S.OKINAKA et T.NZSHZ-

MoTo (zg5x);25) the nerve ceus in the vagus trunk of be dog'is mg.stly

in the iower..hal£ portion of the neck, moderately in the upper, half '

portion o£ the neck, very poerly in thb thoracical portion and absent
in the abdominal portion;'  "Ioreover, they said that the nerve cells

in the vagus trunk relates with the efferent autonontc nerve fibers ;

perhaps they would have the nature of the parasympathetic nervous system.
s.N!sHI (lg4g)"O> also d6scribed the similar opinion. There also may

beincludedthesympatheticnervefibers,b6causethattherecurrent .

nerve receives the nerve £ibers derived .from the ce"vico-thoracical . '

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

                    -                  '
            '        '    '                   '                                                                  '
                                     '            '                                        '        '                                                                 ' '                      '
                       ' -4i- .                                                              '



                                                           '                               tt                                                  'trunk belongs to the autonomic system, from their morphological features,

as described by Ph.STOI!XR (1922);"9) O.KROELLZNG et H.GRAu (196o)BO and

                                                                    '                         t.                  t.the others that the unipoiar or multipoiar nerve ceZls in the peripheral

nerves has the characteristics of autenomic nerve system.
                                                    + t-
. Ivloresignificantllg.1;.veip.-.!Lhglf-a.!YI.gn+g.e..,s,gtpL4.q..gLu.is-l.-sL-.1.he.-;.e-.9y.r;g.nt -.,

nerve functioning theIrumination. The feature ofithe fiber construction l,

                           '
is seen in Figs. 5-･A and B. That is, as shown in Figr,5-A, range of

the nerve fibers lies viithin 1,O to 11!9 micron in diameter, and there

are seen two peaks, 2 to 4,9 micron for 47 per cent and 6 to 7,9 micron

                                                    '                           t. .for 27,5 per cent. !n..addition, the non-medullaVed nerve fibers are

                            '
evidently distributed in the recurrent nerve, although a small number
                         '                             '
l.; ix.ill. :,g$' t:'fan.ih;,z.7';"e,iibe;: il. ,l;z,x;.l gl,ls,si,g,;is,n, l:.gitt,gge'

that the fiber . construction of the recurrent nerve of the cat and rabbit

is composed of three main greups ; the medullated fibers of 2,5 to 5

                                      ttmicron in qiameter, the denseZy stained thick cranial meduUated fihers

                              '    '                                                                      '                                                        t. .and a small number o£ non-medullated fibers. ' He 'a!so described that
                         '                       [
the thin meduZlated nerve fibers have the charactereristic of the autonomic
             '
nerve. The anaiytic study of the recurrent nerve in the crab-eating

monkey have been carri6d out by T.zwAylwm (lg61)66); a total number of

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

                                     '       'eurve of the diarneters of the nerve fibers shows dwo peaks between 5

                                                     '
to 4 rnicron and 10 to 12 ntcro4 respectively. The £iber construction

                                                           '                  tt t                                              '                                                                      '
                                                                  '                            '                                                       .J             '                              '                                       '                  '                                   '                                                  '
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                   ･g . .a                           ' rN
                         '                          '                                           '                                  '
                                            '                                   '                                              '                                              '                                     '
                             '
                               '                                              '                                           tt
                                    1
                              '                        .t
               '                                                 .    '                            '                                                          '                     '                                                      '                                       '

of the recurrent nerve of cattle is most!y resembled to the results of

the cat and rabbit described by S.K!N (1957).47> The thick medgllated

fibersi of 10 to 11,9 micron in diameter were inciuded about 5,5 per -

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

the resuits obtained in the present study, author shouid iike t' 6'J tt5'-s'-s-i'

that large number of the medullated nerve fibers in the recurrent nerve

is the cranial nerv6 fibers, considering the characteristies of fiber .

construction of the vagus described above, and the nerve fibers of 3,9

nMZ8;;g:sOgysZteSemSin aXOn diaMeter have the.characteristics of the autonomie

                  r--'-]m-i unt- 1     2. iTiv-H-k+LN'ERVE suPPLY IN THE OESOPHAGEAL VIALL -li

                                                -     a) !ntramuraZ plexus
                                                '                                                 '                                           '
     The rough nerve network is forrned in the outer connective tissue
sheath, and the'  nerve trunk fibbrs are alwaysVwroup..d..ii,in their course.

J.NAKAT (1952)"') described that the winding courses of the peripheral

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

exttttzb' n of the r}erve. There are the ganglion in the cross or ramose

points of the nerve trunk. Most of the ganglion ceZls are muitipolar

andih-a..yLe"n;.I,aj y dendritic processes and one neuraxis. However, S.KAYIATA

fiterPv/801i2elii2s[i96i)72) deSCribed that the gangiion inciudes the bipoiar

     [Ehe intermuscular and suPmucous plexuses in the oesophggeal wall
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                           '                                          '

                           '
                                 '                             '                                       '                                                     '
                                     '                      '                                   '

                                        '                                       '                                                       'corresponds to the AU]IRBACH's and ME!SSNER's pl,: xuses in the gastric

and intestinal viall respectively, as described by Ph.sToEHR (Zg22);V9)

E.KLErN (1928)07)and the others. R.GREVZNG (193Z,Nt.N)//`':) described that

theintemhuscuiarp"iexusofthecatoesophagus(WH5.ilDG51v v'etinthe.

smooth muscular coat of iower haif portion, but it is unconspicuous in

                                               'the striated muscular coat of upper haZf pottion. However, the

                                         '
intermuscular plexus and ganglion ceZls in the cattle were comparativeiy

                                  .t tdeveloped, in spite of.the muscular coat of whole oesophagus id constructed

                                 '                     'with the striated muscle. Generally, the nerve bundles originated from '
                               t .t            '                          'the intermuscular plexus innervates to the outer and inner muscular

                                                          '                                                                '                           'layers and blood vesseis.' The triplicate intermuscular plexuses are
                  ;-
                                                   '£or.med between cric'o-oesophageal muscle and the beginning point of
           tt                                 '                   ttgr,o:,eg ::.s;yl:rl:,oi.g2i,g&tse oi:ighzf.":3,3;gel.lalli.:g,teg ,j:2ctio"

                                                                  '                                    '                            '                     'function, under which the muscular E.,,,o.k,.E,!.E,.t,,in this part MaY COn,traCt

skillfully to send the ingested foodl':q,iiti±n smoothly. The intrinsic
 '                  r-nerve trunk penetra' IEi!l4g the outer muscular layer is S.o-.rpu6times arborized

                                      'on its cburse. ･ This is an interest anatomical finding, from the

standpoint of the nerve supply of the muscular layers. -'  Many gangli4

exist at the cross or ramiftt..}Lgg points of the nerve trunk's of plexus

                          '                                                         'in the upper.portion of. the neck. Most of the ganglien ceUs are
                                                                   '                                            'related to the autonomic nervous system which wiU be described Zater.

According to L.M.De WrTT (Z900)32) in the oeso)-h.-gg"s of rabbit and in
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                                                         '                                                '                     A, g
                           '                                                     '

                             '                                      '            '
  the upper part o£ the eesophagus of cat, the ganglia are much smaller

  and less £requent and contain few nerve cells. T.KuRMIoTo (lg57)7rt)
                                                   tt                                                                   '  described that in the oesophaguts of human being, many oS the nerve

            t.
  cells exists in the pharymg.eal end, few in the !n±ddle portion and
                                          '
  very rare in the cardiac portion.' On the number o£ the nerve cells,
  R･(ill5,VI,.iY,q,(1931. a)"3) descrlbed tp.dt the rpfp,c, l. mg,, l .p.urap. er,of the.nery.,e.,.

g9]ik6',i?,gh,,e,:'Y)E2i:::;.Xi.:"tX' ::X::eiZ.:O,,//･:,,t2gS".M:: :X:O"/1,..::' t/1,5gsgPha.Fus

1･ll,,l..11I,.;l.iig.,F.i,lil.?i.,,,.?,9･N,i,9piii["isl.,"ii"i,,e.,g:g,9Pl:,gll.Si9bia.'un'l?,,1",&agll･,i9g,i･.,i･,･}i,.e･l･l･s･--l,･i ..,

  n,umber.,;n. 'thg.,..gahgtig ,g£ 9he,,.intermusculq; plexus in,the oesophagus of

  dog, cat and rabbit. B.J.LAWII,E}l[rJEW (1929)ig2) reported that the ganglion

  cells in the. integrp.uscular ple;us of .Phe .qog oeFopbagus are grouped 10

  to 60.in number .in gene;al. The number of the gangllon cells in.the
. IlialgtTil,s.OA,,eilO:,hag,g,",S).,C)9,l.:C.ge. ii:.llliflh.the .reFuits'of N･p..sABussow. ag+js)t3s?

                                 tt
g,.:clr,:eg･d･ib:y,11/lg.igT.:cililill(･･ii2,11:･t:ir::,･:d::iagio,lhi:･i･i:･,ta･g':･ialil･l.;i//･g,}./i,i,fi,-,,.,

  (1952)6op de.scribed that the type differgntiation of the ge}ngiion celis

,gt very difficuit to clasgify by the arrapgepent of their.nerve proeesses.

L..Tbe..ihistoiogtcal features o£ each type are as foZlows. Namely, the

                '
  neure-plasmic processes o£ DOG!EL's 9ype I ceZl penetrates the capsule

                                                               .                                                                   '                                  '
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                                 '                                                   '                      t' '' u-                                                  '                                                            '                               .t                                                 '                                  tt                                                   '                                 '                                          '                                                          '                                                      '                                                          '                     -                                                   '        .                           '

;-".of mantle..,,,ceUs, but in bagle ty?e Zr celZ th.e neuro--plasmic processes

i are "short,especially the dendritic processes are not passes the capsule

   of mantle ceUs. The former'.eorresponds to the type III descri.bed by

   Ph.S[rOEHR (Z922)l¢e) while his type I in the latter. Aecording to Ph.

   S[IIOEE[R,jr. (Z952)Se) K.A.RE!SER (Z952);B') T.YOSH!TOSHI (1941);Pa) H.KU-･

   MAGIll"IA (194Z) ,XK) [I!.SADA (1944).;37) T.sATO (lgl+g);38) etc., many of the .

   gangZion cells in the waZZ of alimentary tracts are DOGIEL's type I

   cell, and the game cell of type Ir is found only rarelY';'V [, B.J.LAWRENTJK'1

   (1929);") R,!IGRL-E,VZNG (1951a)ge) T.T-9Yfi9.TA (1955)t,'`)) G.SuGA"IATA (lg55);'3) "

   {r.wADA (Lgs8b)',`/") y.BABA (Lg6L)S,) i''eCc. reported the similar findings

                                       i
    '   in the oesophageal, gastric and intestinaZ walls of goat, dog, cat,

   rabbit and'hedgehog. T.OHZ (Z954)'2') described that the dendritic

   processes of the ganglion cells in the gastric wall of white mi[gftllLare

                                 '   so poor in development, therefore, it is impossible to make the

                                         '                   '   classificationofnervecelis. Theyoungtypeofthenervecells, '
                                                                        '                                                            '   wh.ich their nerve processes cantnt he made out quite so clearly, were
 V moderately irecognized in the oesophaguts of young cattle and calves.

    'FntT"'r"T't'TT"m.'
 , 'S.Kl"ATATAetM.OKANO(l961)03>describedthatthesubmucousplexus

   is not formed in the submucous tissue of the cattle oesophagus. ' '

   A.KuNTz (194iN)8,7) and N.TANAKA (xg55)"Of6und no ganglia in submucous

              x.x '
   pZexus of the oesophagus of dog, human being and the other rnammals.
                                                                    '
   Author found the formation of the submucous plexus and ga4glia in the

                                 '   cattle oesophagus. The nervd trunk fibers originated from the sub-
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                                                           '
mucous piexus are innervated on the submucous tissue and rnucous membrane.

The existence of the ganglion cells in the s,ubmucous plexus are detected

by L.M.De WZTT (1900)2,a) N.P.SABUSSOW (191:5)',)S) B.J.LASVREN[BJEVV (l929)',ea)

           '                              'G.SUGA"fATA (1955)',5?) S.KAMrATA et al. (lg62a and' b)e,iD 7"E) etc. in the

oesophag;us of horse, goat, dog, cat and' rabbit.-･ BIJ.rANijRENTJEw ' (lg2g)'
.e2)'

                                                '                                                                      'described that the ganglion cells are grouped 2 to 10 in number at the

eross points of the nerve fibers bundles in the subinucous plexus.

In the human being, M.rSHIZAWA (lg56, t51)dl:)6t) rarely recognized th6m

                                            tt tin the section prepaTations of hemat6xylin and eosin stain. T.sAbA

(lg42)'37) reported that the ganglion cens are geneTany gathered in a

                'few nurpber or to ten, but rarely only one. The discrimination of the

ganglion celZ type in cattle is about same to the description of ･'

R.GREV]NG (1951a).t') K.A.RE!sER (1952);B9) ph.sToEHR,jr. (lgs2, tsg)f')S2)

                                                                'T.sADA (lg42)',37) etc.. Such two types also were classified by R.HONJIN

                 ･ ---･(1951)ZS") R･HONJIN et al. (1958)i`) T.WADA (lg58.b.!-it5g)'`S)'")a'nd y.BABA-

(lg61)'D in the ganglia of the intestinal walls of goat,' cat and mouse

and by T.WADA (1958a)"Y) and T.NAKAI"IURA (1960)")) in the ganglia in the

                 ,                                                                    'submandibular and sublingual glands of cat and mouse respectively.

R.HONJIN (Z951)SSt) described that the neuraxis of the argentophile netve

                                                           '                                  .t                               'cell forms the associated neuron among respective ganglia and ends

around the argent'ophobe nerve ceUs. He said that the argentophobe

                                        '          '
nerve ceU becomes the starting point o£ the syncytial terndnal reticulum

in the autonomic nervous system.
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      Re£ered to the nerve supply of the iamina muscularis mueosae,
    . S.VV.RANSON et P.R.BZLIJZNGSI)EY (1918);29> N.TAIgAKA (ig53)`SecE) and iv.KuRE

  et S.OKrNAKA (Z956)?Si) desc"ibed' tha't the medul'lated nerve fiber 6f the

         '              '                                 .t submucous tissue is not sapplied in the muscularis mucosae, because it

                                                      '                                                              ' isthesmeothmuscle. '･
                            '                                           '      The mucous plexus in the lamiha propria is clegrly formed in the

                         '                                                                ' vestibie and. ppper ehd of the cattZe oesophagus. This corresponds

                                                                 ' with the subepithelial plexus. in the su)erticiaZ zbne of the lamina

 propria o£ 9he human oe6ophagus described b.)r Dlr;SH!4AvrA (Z951).60'

 L.M.Pe WITT gZ900)2)) described that under t4e epithelium, the medgllated

 nerve fibers lose their myelin sheaths and form a fine reticuiated

:･X,2.::.l,X.?fi:l2･:.?Z9X¥%6X V2i,i:,tl,11S,le,-iiun; Ill:.IFfi:d.l:.IZnS,gl:ga2:e,,un.d:.r,

         '                               '     '    . Moreover, the complex nerve network is formed with the terminal

                                             '                                     .t nerve Sibers in the muscularis of cattle oesophagus, as shown in Fig.

 '27. AccordingtoF.]MOHSE(18g8)!37>t4greisformedthecompound '

                         t. tt. . nerve plexus in the various skeZetal muscles of the human being.,

 W.FEZNDEL, J.il,.HINSOVV g,t G.WEDDELL (1952)33> described ,the complex

' network forming with'the terminal nerve bundles in the general skeletaZ

                              ' muscles. These descriptions resembles to the finding of nerve network
           '
 in the oesophageal muscle of cattie. .[ilhe terminal nerves in the

                                 tt                                                           '            ' network includes both the thick meduZlated fibers and the thin nerve
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                                                       '                                          '                           '

             '                                                                '                       '                                                   '
fibers. These nerve fibers, as mentioned above, are derived from the
         '                     '                                          '                                                                     '                                                                   -tsupplying nerves of the.oesophagus. The £eature of fiber constructEigtll4.

                                                       ..-of the intrinsic nerves, qs seen in Fig. 4-A, has two Pga!ls of 2 to

5,9 micron for 44,5 per cent and 5 to 7,9 micron for 56,5 per centi

In the intramuscular ngrve fibers, as shown in Fig. 4eB, 57 per centi' }･ t' ,'

measured 2 to 5,9 micron and 21 per cent measured 5 to 5,9 micron in

diameter. rn literat-ure, according to D.BARKER (1948)g) and L.E.

HAGBARTH et G.WOHLFAS[e (1952),97) the thickness of the sensory nerve

                       'fibers entering into the sensory terminations lies between 6 to l2

micron or 8 to 15 micron in diameter..' C.E.BLEVINSu(1964)?) described

                                                           '     '
that it governs the moter end plate by the nerve £ibers of 2 to 4 micron

in diameter. Provisionally, for the quantitative discussion of '
                                      '                               ttinnervation, as a standard to those values, the ratio of two peaks of

                                                    '
the nerve fibers in oesophageal muscle ±s mostly corresponded to the
                                                  '                     '                  '
quantitative rate both the sensory and moter innervations.

                                        `1     These nerve fibers runs into the muscularis and mucous membrane

for formation of the respective nerve terminal .apparatus, including '

                                 'the autonomzc nerve fibers which is not added in Fig. 4.,

     b) Autonomic innervation .
          '                        '                   '                               '         '
     The distribution of the autonomic nerve in the cross striated

rnuscles of the mammalian oesophagus have been confirmed by T.rSSIKZ

(lg28)9') T.sH!BA (1928)`F) T;KuRE et al. (l929),20> T.KuRE (1951)?()

                                                           '                                                                '                                                           '                '                                              '                                '                                                   '                                                     '                          .t                                                           '                                                                  '                       '                                             '
                                    tt                                                      '                                                    '                                                                 '                '                                                      tt t
                                                   tt t                  . -,t+9-' ''                                                              '

l
t
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                                                            '

                                                 '                                 '                                                               '                                    'R.(IIEVING (195'la),"" T.KURE et al. (195g),92) T.sADA (Zg42);'7) ph.sToEHR,jr.

(1949)l92) S.KAWATA et al. (1961)?3) s.YAI!IADA et al. (1962)',74) H.KllCA[[IA

et al. (1962)76) and S.YAMADA et al. (1964)t2S) histochemically and neuro-

                 '                                  'histologicaUy. The distribution of the autonomic nervous system in
                                                         '
the cattle oesophagus is elucidat'ed by the presence of the sympathetic

                        '
nerve fibers derived frem the superior and in£erior cervical ganglia
                  '                                 '                                    '                                                      'and the effereht autonomic herve fibers being originated from the nerve

                                                        'cells in the vagus tru pk and ganglion cells i,n Yhe intramural plexuses..

          L. -. ...t.t .The nerve,fiberF, and cells in the oesophageal waZl are pointed out by

R'.REMARK (l928):'O' R;GREVrNG (i931a)"3)･ describe.d that the efferent

                                              '                                                                 '                                           'nerve fibers arised from the autonoptc center of the medulla oblongatae
           '
ends in the ganglion ceils of the intermuscular plexus. The ganglion
                     '                                                        'cells of the intermuscular plexus are sometimes gathered in a limited

       '                                                          '
portion of the relatively iarge ganglion, and such grouped nerve cells

have the characteristic of the sympathetic nervous system according to

T.NrSHZKAVIA (1954)lf6> 1ff.EGuc"Z'r(lg54);e) }I.sATo (lgs6);5" 6tc..

                   . -.Nt                             s                                   'H.K:MATA et al. (1962)76) d6scribed that the ganglion cells of tt nuclear

                        '                                                    'positive type " of the monoamine oxidase (MAO) activity were character-

istic of the sympathetic nervous system. On the other hand, P.E.SMTH
                                                                 '         '                                              'et al. (lg4o)t`PR)described that the parasympathetic preganglionic fibers

                       i･-1 'of the vagus end in the gqpglion cells of the intermuscuZar plexus of

alimentary canals. The presence of the, paragiXmpathetic nerve fiber

                                              "vin the oesophagus also is exucidated by the desc-'iiption o£ T.KuRE ag31)2i)

            '                           '
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                             '

                                    .                        t ..                            ' and s.oKZNAKA et T.NrsHrMoTo (zg51):23) .A6crodinglyi it is clear that

                                        '                           ' the ganglion cells in the intramural plexus are the significant nerve

 elementsintercalatedbetvveenthepreganglionicqndpostganglionic .
                                                                     '
 fibers in the autonomic nervous system, although it is not distinguishable
                                          '                                            '             '                              '
 between the sympathetic and parasympathetic systems histolegicaUy.

 Accroding to thg descriptions of the researchers, it have been noted '

                                                   t.-that the stimuli in the peripheraZ tissUes are conductd,d through the
                                                 i                                                 tl.･ L
 terminal reticuZum of the autonomic nervous system. S.KAXFi4TA et M.OKANO
 fi:t9.9:l7'i).CtOh"Z.d.gZg.p:gCgO..g"ii:r/ll.iiltii.gfpzgtste2c.e.. of the autonomic nerve termz-

     From old timesi the neuron theory of J.N.LANGLEY (1885)92) had been
 '                                                                  '                               .                          '                                               ' supported by many investigators, but this theory was denied in general

 since the publication of the work of Ph.STOEHR,jr. (1952);)6) K.A.REISEIR

                                      ' (igjs2);3`P etc.. Ph.STOEHR,'jr. (19j52)'SD described that the autonomic

                                        '                                            '     "t..-. T    -tnerxc..e.r!ILgrms a fine closed and reticulated structure (terminal reticulum),

 instead of terminating freely. rt is evidently formed the terminal

        '                                                 'reticulum in the cross striated muscle of the cattle oesophag;us.

                                             '
However, the certain nerve o£ very small diameter freely isolated from
                                                   '                                    r the autonomic nervous system existslonlyLin the oesophageal striated

muscle, as described by K.HARNNG (1954)SR) and H.sETo (lg4o)tP3P

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

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

Author, as a rule, supports th6 interpretations of ph.sToEHR,jr. (xgs2)'Sii) '
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                                '
                             '

             J

                           '      '                 '                                      'and K.A.REISER (1932)`3 1> from the reason that the gross striated muscle

                '                                                                     '                               '
£ibers of the cattle oesophagus are superintended by the cZose contact
                'with the terminal reticulum of the autonomic nervous system. Especially,

the terminal reticulum is developed in the crico-oesophageal muscle and

                                                                'muscular coat of the. upper end of the tube. There are the special

                            'cell nuclei. Author supposes that the speciaX nuclei corresponds to

the nuclei of syncytium of B.J.LAWRENTJEW (1926) ,99) the terminal cells

of T.SADA (Z942);SD the intercalated cells of T.WADA (l958a)t6SO and the

interstitial celis of CAJAL by ph.sTolgHR,jr. (lg32, ,4g)';ZDt"2) RiHoNJIN

(lg51)S9) and T.NAKAivruRA (196o)"Drespectively. The terminaZ reticulum

               '                                        '                                            'of the autonomic nervous system is recognized in the ocular striated

muscles of cat and human heing by J.BOEKE (Z909, t27)`of'") tind N.H [RANO

(1940),Cg) and in the lingual striated muscle of the human being by

H.KU"IAGAWA (1941)B6) reSpectively. The findings are well resembles to

                                                              '       Itthe £in;eJreticu!ated structure in the cattle oesophaguts. Moreover,
          -1       ..+-"nt                                          .T.sHIBA (lg28)t"Y) and T.KuRE (lg31)2D described that the ordinary moter

end plate in the oesophageal striated muscle have the characteristic o£

the parasympathetic perve,. since the smaller accessory end plate has

                                                    'a charg,cteristic of the sympathetic nerve. They also said that the

medullated nerve fibers of 5 micron or less in the oesophageal muscle
      rl
                                              tthave the characteristic of the parasympathetic nerve. .However, it is

                    'not ong of the autonomic nervous system, because it has the!myelin
                                                           J
sheaths.

..

 Author wui not agree with their interfo-' illEtilitt, tio4..,1,..

                           '                                 '              '                    '                                                      '                                                            '                     '                                '                                             '                                                      '                              '
      '
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      Thus, it was proved the ptesence of the involuntary movement

 (autornatism) in .the cross striated muscle of the cattle oesophagus by

 the cgn£irmation o£ the terminal reticulum of autonomic nervous system.
                             tt It signifies that the muscularis of cattle oesophagus has the pecuZiarity

 as the visceral striated muscle differed from the skeletal muscles. .

 S.KZN (1937)07) rgported the presence of the automatism in the oesophageal

 striated muscle of cat and rabbit.

                   '

      c) Srensoryinnervation

                                                                 '                                                   '                                          '                    tt     .[e.KuRE et al. (lg4g)9`D advocatea the existence of the autonomic

                          ' (sympathetic) sensibility. HoweVer, since the discovery of the

                                            '-.ty..pical sensory nerve terming.t"i-o-n----by..-K.L.H{}ll!.i..N...Gu'
JSII-9.5r4.Z,¢MX-) etgm"r..P.l!gTr..-L.L,

 aUtonomous sensoru.conduction'.theory..is not･ supported generally. ::n l

                                                                        /-t..H the oesophag6ax'w5!i' of the catti"6;+'the sensory ner"T6'liM'bEFs---a're ""Jn'TNi'

                                                                ' expressed as the thigk medullated fibers. The confirmation of the

                                                     '
 sensory nerve £iber should be performed by observing its terndnaZ .

 apparatus. There was detected the intragangl'ibnic, free and palisade-

                         . .tt                                                          ' like nerve terminations and tviE!SSNER's corpuscle.

                                       '
 . Thepresenceoftheintraganglionicnerveterminationinthe

 intermuscular plexus is recognized in the human oesophagus by T.SADA

 (1942)l'2> in the oesophagus o£ the dog by A.OTSU (1955);2S) N.TANAKA

                              t. (lg5s)`S"rpand G.SUGA"fA[{?A (1955)'Y3) and in the monkey's oesophagus by ･

 [Il.YAMAIgOTO (1959)'06)respectively. The intraganglionic multi-branched

                            i ...                                                        '
               '                                        '                                                 tt              '                          tt                                '
                                                                      '
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sensory termination of the human being described by T.sADA (lg42)`JO)is

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

described that the intraganglionic sensory terminatiohs would presum.atbiyi

originated from the afferent or sensory £ibers derived from the vagus
                                                            tt                                   '
nerve. Author supposes that these appearances of nerve termination

in the cattle oesophaguts would show the apparatus of the sensory nerve

termination described by T.sADA (' lgti2)i?7) A.o[gsu (lg5s)l2Pllg.TA}IAKA

(lg5js)i,SSO G.suGAtCATA (1955)`ss3) and T.YAr4ArvIOTo (1959)406) because that

there, could be detected the clear continuance of nerve fiber between

the intraganglionic nerve termination and the intrinsic nerve fiber.

                   'However, the running and char.acteristic of the intragan .g"iionic nerve

termination is resembled to the findings of the pr6v- ious[ researchers.

                                                 ILrt-f .                                                    t.
This is dif£ered £rom the periceliular termination (apparatus) which
                                                              '
ends around the nerve cell bodies in the ganglia of the alimentary

tracts described by C.ARNSTErN (l895);) G.C.HUBER (1896)fV C.GEG]!llYBAUR

                         '(lgos)9"2:) B.J.LAVVREllYTJEW (l92g);e2) R.GREVZNG (1951a)r3) G.OTTAVIANr[rrrr.".V

(lg38)126)R.HoNJmg(igsl)S5)ttndT.NAKAI#ruRA(ig6o)'.'e) H.KmATAetaX.'
                            '                        L].......t -(lg62)Y6) described that the intragangli6nic cens of the mon'oa!nine oxidase

                              'activity in the intermuscular plexus may have an intrinsic relationship

                                            'with the..receptors in the oesophagus, although it was not det.ermined,

which they belong to the afferent or efferent feature of the receptors.

                            '                                    'However, the intraganglionic nerve termination also can be clearly

discriminated from the receptors due to its histological findings.
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                                                           '                                      tt                       '                     '                            .t t                                                                '     The free nerve termination was found commonly ati the upper portion

of the neck of the tube. H.SETO (Z949)`V3)described that the sensory

                        'nerve fiber in the visceral organ is principally the free termination,

and its peripheral structure re,sembles that of the somatic sensory

                                    'nerve fiber neuro-histologigally.--.-11 The free nerve teimination in the

skeletal muscles have been described by C.S.SHERINGTON (Z894)t,"'") Ph.

     '
ST6EHi? (1922);'Z) J.C.HINSEY (lg27)£3) W.FEINDEL et al. (lg48)32) and
  ･=----i ･                                         '                                                       '!.NoJxRz (lg6s) 'ED･ Zn the muscular coat of the oesophagu.s, the '

.

                               '                                    'existence of the free nerve termination have been denied by T.SADA
(lg42)'S")and d.StiGAi{A[eA (lg55)'S3?' M.VAMIWIoTo (lg60)07)described the

                                 '                                '                                                 '
branched sensory termination having some special cell nuclei between
                '
the muscle bundles of the muscularis of oesophagus of the formosan
                                                                     'monkey. M.POBERA! et aZ. (1963)'2e)detected the simpZe branched nerve

                                       t t-
termination in the smooth muscular coat of the inferior oesophagus of

mouse. [e.sATo (lg4g)'3B) found the rather expanded simpze branched

nerve termination having the SCHWANNts nuclei in an inner muscular

                                  'layer o£ the .humar} stomach.r-rn the cattle oesophagus such branched

sensory termination were nglveridetected.

                           t. ''r .                                         '                                                        tt     The palisade-like nerve termination in the end 6ST.S triated muscle

fiber was found by the predecessors. This is evidentlY differed

£rom the muscle spindle.. That is, F.CREVATrN (1902)2t) named the nerve
                        '                   '                                                       '                                                 'terminaZ apparatus in the ocular muscZes of the camel tr terminaison

en capuchons t'. A.S.DOGIEL (lgo6)i3) studied the same receptors in the

                                           '                                             '                    '                         '            . ..

                                  - 55 -
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                               t-                          '                   '

                         '
                                                 '                  '                                                   -                                        '                                         '                                                                        t                       '
                                      '                        '                                                    '

                                      '             '                                          '
oculaz? muscles o£ the human being and the other marnmals. He said that
                 '              '                                                              '                                                                      'this apparatus is located in the ends of the muscle fibers arranged

                                          '                                 'like palisade, and the ngrve fiber withg. ut. the payelin sheath winds.

around the muscle,fiber. G.H.SABUSSOW et al. (i964)tSD described the

       '                                           '                           '                                                  .t                          '
simizar findings in the ocular muscles of the dog, £rog, Y.o.r.t"gl.se qnd

the ,gS4ers. They sgid that t.here are many oval or elliO'tttutd nuclei

(glia-like cell elements) called tt protoplgsmmass t,. The paZisade-

                                    'like .nerve termination in .the ogsophgggal musele of the cat91e closeZy

resembles 9he apparaVus in the ocular muscles, there£ores. it may be

rather called tt terminaison en capuchons 't £rom its features. Such
                 tt               'termination have a sensible function as well as it of muscle spindie.
                 '                                                        '     !rhe so-called corpuFcle of MEISSNER is an interesting t.ermination

                              /tfound in the oesop4ag.:,-e71.tt/uscle of'6atpie'. rn iiterature, the presgnce

of termination resemb i!. i!iggijing,iPo the so-calied corpuscle of MEISSNER has

                                 .tbeen reported oniy in the hunian stapedius muscle by Z.NoJ!RZ (1965)'tS)

that it resembles somewhat the corpuscle of tEISSNER. R.GREVING (1915a)qP

described the presence of lviE!SSNER's corpuscle in the submucous tissue

of the.cat oesophagus which vri.li'be described later.･ Aut.hor..thiplcs'

               'that the corpuscle in cattle would be corresponded with l{EXSSNER's
corp.u' sc16 described by ph.sTo]!MR (lg22)N9) and rc.IsHrzAwA (lgs2),6i) £rom.

thes.easonthattheyresethbiesweZleachotherintheirfeature. '
The corpuscle of 250 x 50 ' micron in cattle is by far larger than the
             '       '                     'nature that the size of ME!SSNERts corpuscle is ZOO x 40 micron aecording
                                    '  '                                                                 '                           '                 tt     '
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                     t tt                             '       to lh.sTOEHR (1922)'`f'i)and loo x 4S micron owing to r.NoJMr (l965)."X)'

        ' ., ....4. Lthough the involve termination'and muscle spindle could not be '

       confirmed ciearly in the oesophageaZ muscle o£ the cattle, author will
                                                     '       consider them for discussion of the propriocepbion in the muscularis
            '                            tt  , ofcattleogsophagus. Theinvolve-liketermination!iniaslsometimes

          '                       '       found between muscZe fibers, but it has not the compZete natures.

                                 '                                       '                               .t                     '      .The involve termination have been detected in the muscuiar coat of

       oeso-phaguts of the human being, dog and the others by K.HARNNG (1934),40

                                                                        '                                '       T.sivpA (Z942)'5ti> and N.'TANAKA (z95s):'`'> ' Hoviever, A.oTsu (zg5s),`Z･ Y) '

       G.SiiGIW!ATA '(1955);),??, S.t/AWATA et al. (l96Z)Oa> and S.KAWATA et aZ. (l962a)7SP

       could not find any analogous termination in the muscular coat o£ the
                     '       oesophagus of the horse, cattle, goat and dog. Moreover, the muscle

       spindle is generally classified into two kinds of the monomus'cule '

       fibroid and multimuscle fibroid according to the descriptions of D.K.

                                                                            '       von BRzEzlNsKr (lg6Z5)ttB?,and Hrvoss. (lg6is)J6q) ph.smoEHR (ig22);Yl> J.

... BoEKE.L(Z927)!'>"andR.GREVrNG(195Za)43)'describedthepreseneeofthe

       simple muscle spindles in the muscularis of tP.e eesgp.hagu-s.2EP:::r:harYnX, .

       Iarynx and eye-ball of cat and human being.. The Pr',e.S.-S-i.Zi7-u9..,fi,99IIELiPiVe

                      tt                             '                               '       mechanism of the muscle spindle have been discussed by D.JZI"NAr et al.
       <lgs8)6g) and c'.BRzDGivfAN et E.EzDR]m'(lg6s).`9) They noted ehat. it is

     ' an afferent terminal apparatuB which relates with the proprioception

       o£ the muscle. H.HosoKAwA (lg6o)pt>.d6scribed that the muscle spindie

                                    tt t   L distributes abundantly in the coarsg-acting skeletal muscles, but it

                                                                        '
                                                                          '                                                      '
                                                    '                            '                                                  '           '                                                                               -                                                                     '                                                                  '                       '                                     '
                                         - 57 -
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                                 '                t tt  is few in the visceraZ striated muscle of the supplying areas wtth the

  nerve o£ c'entral nervous system. Accordingly, it is understandabZe

  that the muscle spindle is a very rare terninal apparatus in the

' muscularis of oesophagus, and attantion will be dravm to the presence

                               tt tt t                        tt  of any other terrninations which should be regarded aS SenSOrY. th,,9/.-.i,

  proprieception of the.oesophageaZ rvall shguid be consideged, OWingc!ltlu"i

  the comprehensive findings. Author thinks'that the £indings of the
                                     '      '  tt terminaison en capuchons tt and ua!SSNERts corpuscle in the oesophageal

          '
  muscle of the cattle are mostly resembled to that of the ocular .a-n.g-.., .
gF,illoik'xel: m,ygilikk'g',i;2s,ld?zxi:g,.t,hs,g::xiig"itz,ol,gh,l.::]lo,'l8iiun..;;So4･

                                      '          '                          '  terminations in the oesophageal musgle of varigus animals included

                                   '                                                                '                                 '                          '                                                          '                                                              '                            '
    . rn the submucous tiFsue the sensory nerve termination was not

  found'. , g!.Y tMA!goTO (1959)t767 descrlbed the various sensory nerve termi-

･ nationsi"in the submticous tissue of the oesophagus of the formosan monkey.

  T.SATO (1949)t5S?recognized.the glome,rular nerve terminations ±ssued from'

     '    '  the vagus in the submggous tissue o.f the human stomach.,, J.R.Sl!MErp

  (lg54)ie2) deseribgd the a££erent nerve £iber accompanied by the Vagus

                                 '                        .t  trunk in the colon and rectus of the human being. R.GR.EVr}IG (195ia)9)

                                    t.  described the presence of the rv!E!SSNERts and the typical VATER-PACINZts .

                              '                                tt  corpuscles in the submucous tissue of the cat oesophagus. such corbuscles

                                                                    '                                                                            '  were not detected in the subrnucous tissue of cattle oesophagus. ,.

                                                                          '                                                             '                                                                      '                                                                    '                                                               '
                                                                        '                                             '                          '  '                                       -- -                                                     tt                                                    '  '
                                                                       '              '                                     '
                                                          .
                                    - S8 -
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                                         '                                '                       '                                                  '

                                                          '                        '          '                                '                             tt                                                            '     The nerve in the mucous membrane is poorly supplied, but a little

sensory nerve terminations were found in the lamina propria of the. '

cattle. G.RSTzrus (l8g2)tJDdes'cribed' the multiple and branched netive

terminations in the human oesophagus, while T.sADA (lg42)t37) found no

                             t tt                                           . .tsensory he...r.yet.P.e.;.pa.ip.a.Pigp.. ".p.-!h.p. p.e.s-o.g.hagus of'the marl.1 ,H N`Y{)I.!}S. ilOTO

(lg5g)i06) described the various serpentine fibers of the sensory nerve

found in the lantna propria of the £ormosan monkeyts oesophagus.
                                           'A.OTSU (1953)'Z$) and N.TANAKA (1955)'S"lt) recognized the various nerve

       '                               .termination in the mucous membrane of the oesophagus and the other

        '               '                                              '                                             'alimentary canals of the dog and human being. rn the lamina propria
                                                                       '                        '          '                                     - .---･                                                                  'of the inferior oesophqgus and cardiac part of the dog, the non-bt,.t..ajiched

and simple branched nerve terminations have been described by G.SUGArjlATA

(lgss)t"3) More particularzy, the sensory nerve fiber was never detected

by S.KAWATA et al. (1961)03) and s.KA13iATA et al. (lg62a)79 in the oeso-

                        '      '                                                  'phagus of the hdrse, cattle, goat and dqg. !n the cattZe oesophagus

                                                                  '                                  'the sensory nerve termination was found hardly in the middle and lower

                                       'portions of the neck. .ln the lamina propria of the rabbit oesophagus,

the involve nerve termination have been noted by K.HARTZNG (1934)`'Q) in

                                                                   '                                   'detaiZ. Some bf the'nerve fibers in the Zamina propria of the cattle

oesophagus enters into the papiZiae of connective tissue. S.KAWATA '

et ai. (1962a)7g) 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 £rom the- findings above, the intraepithelial nerve fiber
                                                    '                                                        '

                         s･
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in the cattle oesophagus was a simple non-branched nerve termination.･ ,i'

                                               . Ksy
rts peripherai structure is simpler than that of the nerve fibers in

                                                             '                                                         'the epithelium of the oesophagus of the domestic animals a'nd human
being described by. ph..sToEHRilN,SIty9.22)`,rV ti.slmo (lg4g);ep') A.ofsu (lgs3)'iZN

                                  '
N![Tv
,f}.iN. Aig.il...gigs;is)tg":).-i/Lip.pt. o･KRQIi.;.;.:.T.f.l-N..G-. et g.r.op. f>,-.u (]･96.P. ,) ･82:) ... 9･B.iEi[I.l.ll.i-T..U.S' .1:.!i';･.l. "

･(18g2);3.Z)･ usi4g.thg"chrome 'siiver.methodh, ･: a'e' inonsti5tedt]the'nefve: entering
±

        " H----br
    of the cat oesophagus.

              '
  mucous membrane did not

        '                    '  and larynx and they are

   . L.M.DeWITT
      ended on the deepet

              '                      '
   in the dog, cat and

intraepithelial nerve fibers

            '             'nerve terminations shouZd be

       by H.SETo (lg4o)tVi)

        ,
      found the fine.'
             '
 of the horse tongue. .

  and K.J.HILL (Z957)St)

             '
mucous epitheZium of the

         out that these

        ' tention. Theexistenceof
                        '              '
 th,e other alimentary tracts

 by many researchers.

i
'

I

in the epithelium

the oesophageal

of the pharynx

basement membrane

the terminal fibers

cuold be traced

detected the

dog. These
            'fibers, as described

G.KAILVA:EIARA (1gso)71>

apical portion

HABEL (lgs6)46)

              '
fibers in the

HABEL (1956)¢`> pointed

to pressure or

termination in

been mentioned

        He said that the nerves in

                        '              '              '           1''" 1     develop..so numerous as in that
           :/･
     located much c16sely to the

(igoo)22) described that many of

      cells of the epitheZial layer

  ra66it. s.KAwA[DAetal.(lg62aY7")

                     '
        in the oesophagus of the
            '           '                '             .. ..        considered as the afferent
             t.                tt      andM.ISH!zAWA(1951)f') -

                              '                'intraepithelial perve fiber in the
                    '  i W.ELLEINBERG]IR (19U);op R.E.

   foundtheprettyfinenerve '
     '
    ruminant forestomach, and R.E.'

   nerve fibers mgy be sensitive

            '                        '        the inttaepithelial nerve

        of the' various mammals have

              '   However, the distribution of the
                '         '
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                                                        '                                                     '                        . . ..                                               'intraepithelial' nerve fiber was not £ound by N.p.sABussow (lgl3)',BSE)

T.sADA (1942);37) G.SUGAMA!VA (lg55)`,B) S.KAWATA et al. (l961)?3) and

               tt tS.KAWATA et ai. (Z962a)Og) in the. oesophag;us of the human being, horse,

cattle, goat, cat and rab6it. v.yAMAMo[ilo (ig6o)t77)could not find the I

intraepithelial nerve fiber in the oesophagus of the formosan monkey.

           t.     Thus, the sensory nerve ter!ninations were commoniy found in the

vestible and upper end of the cattle oesophagus, the junction o£ the
                  'pharynx and oesophagus. These specialized sensory terminations,

besides proprioception of the wall, fgnction as the receptors which

conduct the impulse towards the centrum for Che food-intake and peri-

                                 'stalsis in the oesophagus. According to W.W.TUTTLE et B.A.SCHOTTELLIUS
                                                     '
(1961)t,60) the mechanical stimulation o£ the sensory nerve terminations

                                                  '             '          .tin the pharynx and oesophagus activates the swallowing center in the

                                       t.mbdullaoblon'
                                                            '
       '
                     '     d)Moterinnervation' -- .,
                                        '

     The muscular coat of the oesophagus is the most important lamina

for intake of food, while it functions a's the motive power for rumination

[i lililof...i.food or vomiting of gass from the rumino-reticuium of the cattie.

                                                 1FFrom the features of the nerve supply, it is consideygLdv"-tb-4Y.,t.mh-eL!grlsl

                      '     /
a delicate movement function and Tegulation in the muscular coat o£

the cattZe oesophagus.
                                                                '                  '     The terminal nerve bundles divided from the intramuscuiar network

                        '                      '                             tt                                          '            '                                    '               '                                             '                          '
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                                                                  '                                                    '  are passed gver some muscie fib.g.;-s..t,o the moter terntnal apparatus.
 Nameiy, they runs for very s".ort di4tance before terminating on the

  moter bnd plate. W.FErNDEt, J.R.HXNSHAW et G.WEDDELL (1952)3P) described

                                                                '                                                 '                                         '  that in the mammalian striated muscle there distributes the so-called
                                                  '                 tt    '                                                                ' isolated nerve fiber which reach by far isolate portions after dividing

                    tt  £rom the intramuscular network.. Although such nerve £iber was･rarely
                              '                      '  found in the'oeg6ptiage'ai!mUscie of cattie, 'the terminai mthute fibers '

                 l--...J -- .
  passes usually over the muscle fibers o£ 2 to 5 or more before reaching
                              '                                          tt t  each moter end plates. Each moter (neuro-muscular) unit of the muscularis
         '                               tt of cattle oesophaguts, .as est"mated above, has 10 to :50 muscZ.e fibers.

                          t t.  :n literature, the moter unit of the various striated muscles has been
  desg,ribed PY manY reseaticheTs. .P..[VEIII.GAS[e (;.87;;)tY')>esFimaPed that the

 moter unit of the sheep extra-ocular muscies has 3 to 10 musele £ibers
                                                                 ' in. number. E.Bg.Rs (lg26)'l) estimated 5 to 6 £or the extra-ocuiar

                  '                              '
. muscles, gnd about 50,.£or, the semitendinous in the human.being.
 Ce.FuKusllltvfA (lg27, '?tL.)"nj. 7.-))t`l`0ggtimated about 5 to id or more sor the

                      '                                     '             '            tt t:g:tr2s,i:gz,d;g:t'l,p:fi:s,:a.jO.,:2S.IFaC2t::"A Ri:i'l,g£,lg,e,?i23SS.',..,.,

                              t.                                                    ' 100 to 125 musele fibers per one moter unit in the gastrocnemius of

 'the rabbit. .P.A.Bl!RLEND!F. et'L.'G.De CARO (1955)9> esYimated 27 in

                 '                                       ' the stapedius and 30 in the tensor tympani muscle of the rabbit.

 B.FEZNsrEIN et al. (1955)3`i;> estimated 9 muscle fibers per one moter

                        '
 unit in the lateral rectus ocular musele, 25 in the platysma, Z08 in
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                                                     '
                            '                                      '                                    '                                                         .t
                     '

                         .t                                  1-
                                     '                                             t.                                            '                            '

  '
                     '                    t tt                                             '
the first digit lumbrical and 2,OOO in the medial head of gastrocnemius '

of the human being. T.MAEMFORS et J.WERSAELL (l960)'el) found each moter

unit contained between 14 to 20 musele fibers in the stapedius of rabbit.

s.G.KULKrN (196:5)BSP describeq that the moter unit of the rabbit diaphragn

has 12 to 20 muscle fibers. C.E.BLEV!NS (1964)7) described that the

number of stapedius muscle fibers per one moter unit in the cat-is

:,r;)a.XIY.i O,g,i:S.i.'.:I.lg l.X :'g,;?iY ggS.t;.i,l.g.s:.;l;", ;l#t,.gi t,l,e,ge,gsor

estimated 2 to :5 muscle fibers per one moter unit in the human laryngeaZ

muscZes. C.R.DUTTA et J.V.BASMAJ!A}l (1960)26> reported 2 to 4 muscle

fibers per one moter unit in the superior and middle pharyngeal constrictors

and 4 to 6 in the in£erior pharyngeal constrictor.

     According to C.R.DUTTA et J.V.BASIZ[AJrAN (1960)i`) the contrbi of

contraction of the muscle tissue depends on the smallness of the raoter

'unit within the muscZe. That is, generally, it can be thought that

the muscles performing the delicate movement and regula¢on have the

smalZer number of muscle fibers per one inoter unit. On the other hand,

the Zarge strong-acting muscles have the larger moter units. AZthough

;2e,gaX",:,l. :.litlie.gil. Xgzgd,i'.o:,;a.c2,og:gr.2i.lh:.i. :sg:",Cl. :rZ.'.gi:;?aS.

the moter unit o£ the oesophageal muscle of the cattle is a liPtle larger

than. that of the extra--ocular, pharyngeal and laryngeal muscles, and

zt zs by far smaXler than that of the skeletal muscZes. It mostZy

                                                             '                                         '            '
                                   '                                   -6is- ･
      '



" i

                                        'resembles that of the striated muscles attached to the ossicles of the

eax (P･A.B]!RLsuD!S et al., 1955S) and [r.rt[AnvlFoRs et al., lg6o'OB)),

                                                'platysma (B･FEINS[P.9.!N..-et ql.±...?...l..9.l 5'.fl.>... g..gq-.diapgragm (S.G.KULKIN, 1963 ") )

From such tt,-'--Hn-L.rm-m--nteresting,fl.p,gtb.nj.,.ea,.I,k-cprollary,,iit is knowable that the

oesophageaZ rnuscle of the ca6tle had the delicate fUnction and may be
                                                  'r--'--F-''

                              tt                'considered to be of intermediate type in between both cat ggories of

rnusclementionedabove. - - -                                                            '                                            '
     !n the crico-oesophageal muscZe of the cattle,. it has the smalZest

                                 'number of muscle fibers per one moter unit. This Coincides with that
                           'of the muscles attached to' the eye-ball (E.BORs, 1926'3)), the pharynx.

(C.R.DU!CTA et al., 1960)`P ) and the-larynx (L.RuEDr, lg58Bf`)>.

                                                         '                                                            '                                      'Author thinks that the 'crico-oesophageaZ muscle o£ the cattle £orms the

sphincter with the circular muscZe at the upper end o£ the tube,

therefore, it have a pharyngeal eonstrictor-like characteristic rather

                 '                                       'than the proper oesophageal muscle, considering the' neuro-museular unit

                           '                                                                 '
                            '                                                              '                                    '                              '                                         '     The moter end plate was classified into two types ! and !Z. 'Th.e.
    '     '
the type r has the ordinary features of the moter end plate in the.

skeletal muscie fibers. T.SH!BA (i928)`"S)and T.KURE et S.OKXNAKA

dgs6)9S) desgribed that the moter end piates exise151.51on the'obscure

portion of .the cross striated structure of the muscie fibers. The

histological findings of moter end plates in the striated muscles

have been described by L.BRE"il!R (1882)l90 E.FZsCHIzR (1887),'S) w.KuEMNE

      '(1887)?"t> ph.sToEHR (lg22)',S"') 1.zwANAGA et o.K!rctuA (zg2s)`,`D c.Ry.cAJAL

                                                      '                                          '                                                                 '
                                                         '                                                             '        '                                                                      '

                '                                                               '                                      '                                                                       '                                                             '

.
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                                                     F --;--"""''
  (ig2s),iED'K.NAKArvioTo et N.KuRA (ig26)'l2i)"'3.BoEKE (igog, t27, ,2s)`:)")'Dr.Fuiru:

                                            ' SHIIvlA (Z927, ,28)?e)e`l}B.J.LAVJRM{TJIew (1928a and b)'iOO'OS)K.MONDE}l (1959);t`Z)

 N.H!RANo (i940)?tO r.I<UlvfAGAWA (lg41)B,X) L.VI.JARCHo et al. (1952)`,O) W.FEIN--

･ DEL et al. (i9S-2-'//-tD-w.v.'c'oLi'd9'S's) ,iO)M.KoBAyAsHI (igs6)X,') H:G.sdi wARzAcHER

' (1g57)',"') H.J.GuRKovv et T.H.BAsT (ig58)2"1) T.TArgAKA (l958!. '59Y!?i-? !-5-1?4.rr-4r.r-l'gAX!MOit

  6't'"tt:Bt66i-i(Ig'Ss):oij>'-K-:NozAi<i ag'Sgi2'1)"'GiiNARA ag6i)i') s.KAii･･,All]A et

 al.(1962a)09andP.G.MARCH!SIo(1964):O`O Thehistologicaifeature

 of the type ! end plate in the oesophageal musele o£ the cattle resemble

 rnostly those in the oesophag;uts of the various mammals described by

           ' L.r{.De wlTT (lgoo);i) B.J.z,AwREsgTJEv; (lg2g)t;2) R.G[REvTNG (lgsla)93)

 G.oTrAvlANZ (lgs8)',2e) T.sADA (xg42)?O> ph.sToEHR,jr. (lg4g)'"O and

 S.KAI'IASIA et N.OKAIifO (i961),03) aZthough there are some incidentaZ com-

  ponents in the moter end plate. !n the ordinary moter end plate of

  the cattXe oesophagus, the number of terminal cells gorresponds with

                                                                         tt                                                                      ' that in the moter end plate of the ocular and ear-ossic!e muscles described

 by !.IV;ANAGA et O.K!NURA (l925) ,69) N.oHTA (l958)tZ2) and Z.NoJIR! (l965)."?)

  Zn the skeletai muscles the moter end piate is generally larger than

                                             ' those of the ocuZar and oesophageal striated muscles, as lmown by the

                              '  descriptions of many other researchers. ..
      E.AGDuHR (1916)') and A.HEss (Z965))e> reported the multiple

                             '                    ' innervation which forms tv;o moter end piates on a striated musc!e fiber.

 The muZtiple (double) innervation in the muscularis of cattle oesophagrzs

 was found in eommon and controUed with the unitary nerve fiber.
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 .,.,, l,tg,e.fe/.,,;,ptng tg N.94TA (Z958);Z2). the multi?}e innervation can.be observed

    often in the ossi.clg muscies of ear of th.e cat, but the moter end plates

          t t: t4.    are inneTvated by bhe .distinet two nerve fibers, the dual innervation.

    ±,.NoJrRr (1965)ttO.d6.tected the some muZtiple innervations controlled

    by a unitary nerve fiber in the. human stapedius muscle. ' C.E.BLEV]TIS

    (Z9635)6) recognized the multiple innervation being controlled by a

    singie axoh in t,he tensor 't'ympani rdgscie,6f the .cat',' but .ll!l6'L, ;ti'in,ig64,

      '                                                                '                                                                      '                                                  '                                              '    detected no the rnuZtiple end plates on a single muscle fiber in the
                      '                                  '                                                                 '                                                    '                           '
    stapedius muscle o£ the cat. Also, the multipZe end plates have been

                                t.                 '    seen in a feut.muscle tibers of the tensor tympani of the eat by S.D..

                                                              '    ]!RULKAR et al. (1964).BO However,'there is riot counted the number

                                     tt    ofnervefiberenteringintothemu!tipleinneryation. '
                                        '               '. ThethinnervefiberinFigs.41,42,44,72,7:5and75havebeen
    found by'.L..BRpt4EM Q882)i`D as accessg;y £iber in the frog's skeletal

    muscle and by J.BOEKE (i909)'O> asl,secondaryIfiber in the human ocuZar

                     tt rr-..t.t=tmT.rTm..-. . t t                           '    muscles respectively. The reports of the researc4ers have each

                            tt. . tt tt    difference in their interpretation of the accessory. nerve fiber in the

   moter end plate. S.Ry..CAJAL (1925)l8) N.H[RANO (1940),S'4> H.KUMAGAWA

    (1941fi6) and the others described that the aecesgory nernVe fiber is

                                         '                                               '
    derived from the ordinary thick nerve £iber o£ the lingual and extra-
           /.    ocular muscles of the human being and the others. ph.sToEtfR (lg22)tY9)

                                        '                                    '    deseribed the presence of the sympathetic sccessory nerve fiber in the

                                       tt   moter end plate, but he, in Z949, noted that the accessory nerve fiber

                                      '
                   .t .
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                                '                                     '
                  '                     '                                                  '                         1                                            '      '                                                 '       '                     tt t                                               '                     .t                                           '                           '

                                      '               '
 has ne characteristic o£ the sympathetic nerve, and criticized the
 opinionofJ.BOEKE(1909):e) T.SADA(1942)tM?aisodescribedthatthe

                            '                '                     '
 accessory nerve fiber can be determined to be neither the autonomic

                                   '                                                  ' nerve nor the sympathetic' nerve, but it is a branch derived from the

 thick inoter nerve fiber;' T.TA!ifAKA (lgss, tsg)'SE)tM3enied the presenee

                           t1;,g.;--P-h..,e accessory (non-medullated) moter nerve flber beipg terminated

 ip'ttle,. epl.-e..p..lgP..g.of the vocal muscles of the cat. On the other.hand,

 J.BOEtt,(tgogi･---'27)'ItO I') desc4bed that the ac6essory nerve fiber is a

 branch derived from the sympathetic nerve. Z.IWANAGA et O.KZMURA -

.[lgigl9Z-,KgY,A,KNo..OZO,?&IK5/L",(2;,61;i',, :JIi,;[;.s,gkg::lgl>,,2igfigal.m,E"[e"Ew

 J.BoEKE (lgOg)LO> s.G.KuLK;N (lg63;5RS9 repgrted the presence of the

          tt t sympathetic accessory fiber in the moter end plate o£ the tortoisets

 diaphragn. K.HARTZNG(}.934)ag)andH.SEMOgl940)`op)describedthatthe '

                           '                                    '
 terrninal.fiber £reed from the autonomic nervous system exists only in

                                                .t
 the striated muscle o£ the human oesophagus. As mentioned qbove,

 author supposes that the accessory nerve fiber in the oesophageai muscle

of the cattle wiZl have the characteristic o£ the sympathetic nerve

                               ' from the reason that it aZways is thinner than the main or ordinary

                                          '
:irxfi.£::,eg.:lsl..r:ia.gg.d.tg,g:g.eevel,g::i;t g:,x2; :g:::?:"'.elifiilil.:,.m,, !E,ii

theopinionsofJ.BoEms(lgog,t27)',e)Ct)r.]vArlAGAetai.ag27),eP, '
K.NAKAIIOTO

 et N.kURA (1926)tiZ) N.KuRA (lg27)pt) K.H,fyRT.ulG`(lg5P,`'ep

                 '                           '                                    ..                                             '                                                '                         '
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                                                    '                                                   '                                    '                    '
                                        '                           h .'
                                      '                                  tt                                                     '
             '                                                      '                                                    '                             '                                 '                        '              '                   '                                          v'                                                  '                                  '
                       '                                                    '                                      tt                 '
G.oTTAvrANz (zgjs7)96) k.sEro (ig4o') ;1 Z? H.KuMAGAwA ag4i),3Et) and s.G.

                                                       ×･tKuLK!N (1963)!7) ,rvloreover, the accessory nerve fiber does not anastomose

with the terminal axons in the end plate o£ ordinary moter nerve fiber,.
as described by many previous researchers. J.BOEKE (1909)`;) Z.XWANAGA

et o.KzrviuRA (xg2s)`,)) T.sHrBA (lg28)`F) T.KuRE (zgsl)9,') y.Ki!To (lgsl)69)

and rc.zsHzzAwA (lg52)62) described that the accessory nerve fiber is '

conceyned with the.tonus and nutrition of the rnuscle. T.rssrKriL (lg28)6)P

                                                               '
and T.KuRE et al. (1939)92) de.scribed that the striated muscle of the - .

dog oesophagus is nourished by the sympathetic and parasympathetic'nerves.

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

plates have been recognized by J.BOEKE (l909)'9) E.AGDUHR (19i6)',) '

J.W.LAGELAAN (1922)?7) I.rWAIgAGA et o.KDIuRA (lg2s)`,t') s.Ry.CAJAI, (1925)'iop

B.J.LAWRENTJEVI (Z9` 28a and b)' :e) 'f')G.oTTAvrANr (lg3-8)L`:/`) T.TANAKA (lgsg)',"`(!)

s.KAwATA et az. (.lg626-)O,V) while it was denied by"ff i;.s.TowER agjsl)'S"')

andgl.sADA(lgi+2)'??) H.J.wZKzNsoN(zgso)'Z3)A.A.lvlAxn･fowetw.BIK)oD

(lgs8)`eO> and Z.NoJIRZ (lg65)"8) described that'it is an artificial product.

Author, as a rule, support the opinion of H.J.WXKZNsoN (Zg5o)t7Yand the

others, from reason that it was rarely observed in the sections of

silver super-impregnation.
                                             '                                               '
     rn the oesophageal muscle of the cattle, both the uZtraterminal

nerve fiber and the ft terminaison en grappe !i are found rarely. The
                                                                 '
former is a thin branch furcated from the main nerve fiber of the moter

end plate. J.BOEKE (Z909, t27)'a)">mentioned that it is a component

                                 '  '                                                       '          '                       '                                                     '            ''

                                                   '                                                       '                                     '
                                            '                                     '                                                      '
                                 - 68 -
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                             'in the ordinary moter end plate. 'r.zvvA}TAGA 6t o.KIIIuRA dg2js)SS) described

                        '
that the ultraterminal nerve fiber exist very rarely only in 25 per ''

                               '                       'thousands of end plates in the ocular muscle of the human being.

[E.FUKUSHTMA (1928)¢e) denied the presence of the ultraterminal nerve

                '                                                             'fiber in the Zongissimus dorsi, ･psoas major and gracillis muscies of

the horse, cattle, dog, rabbit and the others. The presence of the
      :
ultraterminal nerve fiber may be a characteristic as so-called visceral
                                                              '                                                                      'striated muscie. The t' terminaison en grappe rt have been described

by J.BOEKE (i927)") in the ocular muscle of the cat and by B.tJILAWRENTJ]ew

                  --                                             '(lg28a)te`l)in the laing;uaZ muscle of the frog respectively. . T.sADA (lg42)'3D

                                  '                                                            '                                                                    'described that the motgy. ..-eLn.d plate of the human oesophagus is " tgrminaison

                      1 .-.-L- t.t-ttt...... .TL                      Een grappe tt･in generall, but it was rare in the cattie oesophagus. 1'

                                            t.t .tt .                                       '     The type Z! moter end apparatus tieally .resembles the moter termination
     'described by C.R.DUTTA et J.V.BASMAJ!AN (1960)Z6)in the pharyngeaZ '

                                                                     '                                       '                     Jconstrictors of the rabbit.' The moter termination somewhat resembling
                 '                '
to the type Zr end apparatUs of the cattle has been described by D.W.

BURNASCHOWA(1965)tO)intherectalocularmuscleofthereptiles. '

                    'Zt is called the so-called " bajonettartige Apparate 't, and the terminal

                                                        'fibers furcates from a rnoter nerve fiber supplies on about 11k.L-muj scle

                    tttfibers. There is seen the plasmatic component of SCHWAIgN's nucZei in
                                                             '
the terminal appqratus. The nucleus-pZasmodium was not found in the

type rl end appai?Eitus of the .cattle. !srEL:.!Yi!MAWRrNSKAJA (1952)'OS!)described

that in a comparative study on the moter itermiinations of the skeletal '

- 69 -



kt "`t

muscles of vertebrates

the phyloge4y o£ moter
exists ' in the

              '
muscle this apparatus '

C.R.DUTTA et

or sympathetic '

!s.F.MAIfR!NSKAJA

no the distribution of

                  '                ..     From the findings
 '                '
the striated muscle of

moter n6rve fibers £rom

                    '
of the craniaZ moter

of the fiber

In literature, T.SHZBA

(1939)?D T.KURE et

                '
muscle of the

      '
of the'cranial moter

supported by H.Kl>IATA

striated muscle of the

               '   '
of the autonomi.c nerve.
       '
the goat oesophagus

H.Klr･IAllIA et aZ.

On the' other hand,

              '      '            '

             '
, it is the specific apparatus
  .t..-t....t...t. t.ttt.J.. ..... .t1'p. erve･･.termination- and itypical

      tt

dislocated frem

          /t          'appargtus･/raiways

                       '                                          ' tortoise's skeletal muscZes. 'rn the crico-oesophageal.
               -                           '                              '         xs accompanied by an accessory nerve fiber.'

              '                                                     'J.v.BAsMAJrAN (lg6o)26) did not recognize the autonomic

                                                           '
  innervation in the pharyngeal constr4ctors of the rabbit.

   (1952)t06) and D.w.BuRNASCHOVIA (1965)'7) aZso described' '

               '
          the £iber of autonomic nervous system.

          of the motgr end pZates,' it is considered that .

               '          the cattle oesophagus ls innervated by the cranial

           the centrum through the vagus. The distribution

                                       '        nerve.fibers was elucidated by the analytic study

construction o£ the supplying nerves, as mentioned above.
          (lg28)'Y,)'T.KuRE 6t al. (1929)?.i) T.KuRE.et al.

                                                   '       s.oKmAKA (lg4g!' ts6)790 9S)described that the striated

                  '              t tt .    ' oesophagus is innervated by the autonoinc nerve, instead

                                     '                                         .tt
        nerve £ibers. Such opinions have been mostly
         et al. (lg62)Z") They have adv'ocated that the

              tt                                --------- -･          oesophagus have an autopqVi,gm, by the distribution

                                               '
             The distribution o£ the autonomic nerve in
                                        '       have been studied by S.YAMADA et az. (lg62)',09;)

                                                       '
   (1962')76) and S.YAMADA et al. (1964)'?t)histochemically.

     'L.IC.De WITT (lgoo)}9 s.W.RANsoN et P.R.BrL!,ZNGSLEY
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                                                                       '                                    '           '                             '                                '                    '                      '                                             '(igj.g)'l9) T.sADA (ig42)'?q> s.FuKuYo (ig4s)8i> s.KAwATA et ai. (ig6i)7D

and S.KAWATA et ai. (Z962a)O¢) described that'  the efferent medullated

         '
nerve £ibers in the vagus suppZy the striated muscle of the oesophagus.
     's.KIN (1957)70) described that the striated muscle of the oesophagus

is controlled by the cranial moter fibers derived from the vagus nerve.

                    '                                                     'He also noted that the contraction of the oesophageal muscle is functioned

         tttonically by the sympathetic nerve, and suppressively by the parasympa-

                     '          'V.hetic nerve. G.C.KN!GH[V (19:5LF)XQ) also described that the oesophageal

striated muscle isimotivated more povterfully by the vaguts and sympathetic

                                ..                  'nerves.･ .                                                   '                    '                                                       t.                                                            '                                    '
     Author supposes that the moter end pZates 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 supplying nerve fibers in the other skeletal muscles described by

the other researchers rnentioned above. From these results, author
                           '                                                           'considers that the contraction of the proper muscularis of cattle

oesophagus wiU be c.aused th,rough the moter nerve fibers running out

from the vagus. I£ the swallowing center of the medulla oblongatae

was stimulated through the sensory nerve in the peripheraZ tissue,

                                                  '                                                                            'the moter .nerve fiber in the ceptra" nervoFs system is e3F,,9i.tdg..d. '.S.9.l!!g!wLi-;}.g .'1

by the action potential of the muscle. This action potential is .
                                        '
propagated to the moter end plates. !n ad(lition, the proper muscularis

                                                               '                                             'is toned by the fibers of autonomic nervous system. Namely, it is
                  '                                     '                                 '                              '                                                         '      t.     '           '                                                '
.t ltx

                                            t tt
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                                           '                             '                                                                '
   toRedbythesympatheticaccessorynervefiberforthemorestrong '
            '
   contraction of the muscular coat! while by the parasympathetic nerve

   for t;s.:o:fi.st,"ix"dig.i,'gh:b,Z'ltgn,.2,f±e2e.:;:gi,e,:[llPig:i... ih..tiohed above,

   author think that thg museularis of cattle oesophagus shou!d be treated

   as so-called visceral striated muscle, whereas bhere are many features .

   dif£ered･from the muscles of torso and.Zimbs. .Author describe especially
                            '   that in a tttP' significance the so-called visceral striated muscle is ,

   hdiftzlg!.i.l.id'iyffg.reddf.fi2iligignPyule skeietai muscie apgtomicauy, neur.-

                                                              '           '      'e)Znnervationoftheoesop4agealgland ' .

                                                                '            tt . tt                    "7mL..t                41                d1        The nervg.:g:J7t-4-g-i-pesophageal gland is developed in the vestible in

   the cattle as welZ. as the other animals. (H.wAKuRr et al.,'zg6sa)'eO)

   The rough nerve network £ormed around the glandirfiil duct is corresponded

                                            'SS;)andT.NAKAIvrmA(zg6o)'.'3) ',   to the periductai pZexus of T.WADA (1958a)

                                                       '                                                                      '   Author found the sensory nerve fibers richly innervating around the

   du6t and the cells of terminal portion o£ the oesophageal gland of the

   cattle'. L.M.De wZTr (lgoo)29 found the sensory nerve fiber in the

, duct of oesophageal gZand of the dog, cat and rabbit. ' T.sADA (ig42)t3?)

   described the sensory nerve fiber ending freely in thd connective

   tissue around the dU.c.g/i and the intraductal branched nerve fiber in the

   oesophageal gland o£ the human being. N.TAiqAKA (l955)tSSPreported the

                                                                '                   '.                                                          '                                     '                                '
                                                             '                                                            '                    '                                        '                                                tt
                                                              '                                             '                                     -72... .
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  presence o£ the efferent meduZZated fibers entered into the oesophageal
                                 '  gland of the dog. Similar findin'g have been described by S.KAWATA et

  al. (1962a)O`D in the oesophageal gzand of' the dog. H.KuMAGAwA (lgt+1)Re)

            . ttttt .-.Lt-iL....ttt.t..... .tt  found the thick medullated sensory fiPer in the duct 1, wall of the anterior

                                                   '                                                                       '  lingual gland of the human being. The sensory nerve fiber was not ,

                      tt                        tt t tt                  .. .
  found,between gland cells o£ the termi.nal portions of oesophageal gland
  ot the chttie, as d6scription of L.M'.De wzTT (zgoo)22) and Trsiu?.A (zg42)`3.0)

  Thesensorynervesiber£unctionsthesecretionofgland. '''''-'

                                        '
       3. NERVE SUPPX,Y ZN THE OIEiSOPI,IAGEI[I( PAPZLLA

                           '                                                                    '
       The distributign of the .nerve fibers in tbe. oesophageal p4pilla

  is pgor. !n 1;,terature, the nerve fiber in the pqliZZa-like organ

                                         .t .                                   '                          '  '(mechanical papilla), morphologig.qlly resembling the oesophageaZ papiZZa,

  is poor in gen,eral. T.YAMA"IP[llO (1959)teop described the sim)le non-.'

                                      t.                                       '                                                             '  branc4ed or brahchgd nerve termina9io:i.tg.z,n the lamina propria of smq.11

                                                                           '  conicaZ papiUae at gbe soft palatine of the formosan monkey. 'He alsb
                                                            '  found rarely the intragpitl}elia4.t.nerKie fiber; K.KuBo[eA et az. (lg63)BS)

  described that the nerve fibers in the £ungtform and filiform papillae
                                       '                                              '                   '
  o£ the marsupials are terminated directiy and sharply beneath the
                                                '                                        '  mucou6 epithelium. Such findingS mostly resembles those of the

                  '                                                                '  oesophageal papilZa of the cattie. . L
                                                             '       On the-neccessity £or oeisophageal papiUa, author thinks that

  this organ protruded from the surface of the mucous membrane could .

i
l
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                                         '
                             '                            . tt.                                                   '
every time receive even g little stimuZi, because o£ the mucous membrane

always expandtng by the swallowtng and rumination. .However, considering

                       '
the macroscopical and histological features of the oesophageal papill4,

                       '
author guesses that it is an organ belonged to the category of so-called

mechapical papiZia in' t.he mouth, tongue, forestomach and the others.

     Thus, by the discussion above, author proved neuro--histologically

that there are distributed triply the autonomic, sensory and moter

                                                                  'nerve terminations in the oesophageal wall ef cattle.. In consequence,

.author thinks that the movement of oesophagus is an associated function

developed by the interaction o£ the various nerves supplying in every

laminae o£ tube, as described by S.OK!NAKA (1952)t
;` ;).

                         '           '                                                '                                        '                    V. SUva･IARY
  '

     For the purpose to know the m6r'phoiogicai pecuiiarities of the

                                                                    '
nerve supply of t 4e cattle oesophagus, the systematic observations of

the innervation of the walZ of uppeT haZ£ portiolLgtl£.tube and the

oesophageal papiZla have been carried out anatoaji+cg.lrl,y and neuro-

histologicaUy. For the present investigation, 29 specimens were .

used as a total. Hj.stological specimens cut out from 24 cases "iere '

fixed with 10 per cent neutral formol solution or 95 per cent alcohol,

and mounted in para£fin. Sections were treated with BODZAN'sli.E.,i:ITvpt.egn//

protargol impregnation, Type rZ silver impregnation of CAJAZs and ' '

FLIiMCHErpl!s niyelin technique,'and some sections were stained with the
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                  tt          '
hematoxylin and eosin and one per cent solution of aniline blue.
     The principai resuits obtained in present research are summari[2'6al

                            '

     1. PIacroscopicaliy, the upper half portion o£ the oesophagus is
                         '                                            '
innervated by the pharyngeal brangh, superior ZaryngeaZ nerve and

recurrent nerve issu,lng t.;om the vagus mainly. Theve'aZso are the

sympathetic nerve derived from the superior and inferior cervical

tg
h92giitgiei7IUi' ?P,Zied' The Zaterai iaryngeai nerve is not znnervated in

     2. Zn the cervical portion there is the vago-sympathetic trunk
                                            t.
formed, whereas the vagus nerve unites with the sympathetic nerve.

IlistiZogically, the vagus apd sympathetic nerves are covered with the

different connective tissue sheaths. The vagus evidently incZudes

                                        'the rnedullated and non-medullated nerve fibers of the various thickness

and the nerve celZs o£ the unipoZar, pseudo-unipolar or multipolar form.
                                                           '                                                             '                                                           'Thenerve.ceUshavethenucleoliof1to2innumber. '
                                                                 '    '     5. The recurrent nerve shows the two peaks of the fiber-thickness,

2 to 4,9 micron for 47 per cent and 6 to 7,9 micron fov 27,5 per cent

                                                 '                      'in the preparations of FLE[I!CHERts myelin technique. The intermuscular

and intramuscular nerve branches has the two peaks o£ 2 to 5.,9 micron

for 44,5 per cent and 5 to 719 micron for 56,5 per cent in the former,

and 2 to 5,9 micron for 57 per cent and 5 to 5,9 ntcron for 2Z per

                                                             icent in the latter respectively. Zt is likeZy that the small diameter

                                    '                                            '                                               '                                                                '
                                                     '                             '
   '                          .-                                    '
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                    ,
                                    '                     '                   '
                          e-
                                          '                        '
                                      '
                                        '                                    '                                       '                     tt
                                      '                                                                       .                                '
                                                                        '                   '                           t.                                                                       '                                         '                                                      '                     .. -.                                  '                                        '                                     ''

                                       '                                  '                                                    '                                 '
nerve fiber is the motoric"whil,' e the larger diameter nerve fiber is

the sensoryt supp6'sin'6cr £rom the formation ratio of each nerve apparatus
                 sc
in the terminal portions.. [ehere alsg is the non-medullated nerve

                                                 '                                            '                                                      '                                'fibers(listributed. - -                                        '                                                             '                                              '
     4. In the outer connective tissue sheath the rough nerve network

is formed conspicuously at the upper end portion of the oesophagus,

b,ut it is unconspicuous in the middle and lower portions of the neck

o.f the tube. The intramural piexus is formed within the mU-s-e"tigr coat

o£ the whole oesophagus and mainly. at the upper end portion in the

submucous tissue and Zamina propria. Particularly, the triplicate

intermuscular plexuses are £ormed between the crico-oesophageaZ muscZe

and the muscular coat of,upper end of the tube. The lgiill] lia were

                                 '
found at the node of the nerve trunks in the outer connective tissue

sheath, intermuscular and submucous plexuses respectiveZy. 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 piekUs in the crossing section o£ the middle part 6- .rt..[the .

                                            '
rather large ganglion. , In the intramural plexus the nerve cells are

mostly multipoiar and classified into the DOGIELts types r and ZI in .

the adult, while young type in the young cases.'  l{oreover, the intramural

                                                                        'blood vesseZs are innervated by the nerve network (plexus) forming

aroundthe
                                '     5. There were detected clearly th6 distribution of the autonoutc,'

    '                       '

                         '                          '
                       ' -76-

,



-(- ･･`iL

.

sensory and moter nerve terminations in the oesophageaZ waU o£ the

cattle.
                                         '              '
     6. The cross striated muscZe fibers and blood capillaries are

superinted by the contact of the terminal reticuZum (STOEHR) of the

                      'autonomic nervous system. The terminal reticulum is developed

                                    .tpaeticularly in the crico-･oesophageal muscle and the muscular coat

of the upper end portion o£ the tube. There are the speciaZ cell
                                                          '                              'nucZei which are little larger than SCHVIANN's huclei. In the cross

               'striated muscle of the cattZe oesophagus, the sympathg,tic nerve fiber

ifSibt;71ated freeiY froM the autonorm-c nervous system, as accessory nerve

     7. Thesensorynerveterminationsweredi.scriminatedintothe '

free, tt terminaison en capuchons tt, corpuscle of lgE!SSNER and intra-

  '
ganglionic end apparatus in the muscular coat. Zt' is distributed

                              'moderateZy in the upper end portion and rarely in the ntddle and lower

                                      '                                                           '
portions o£ the neck of the tube. !n the mucous membrane there is
                             .                                                               'mainZy the free terminal apparatus supplied. '  The sensory nerve fibers

are existed around the terminal portions and ducts of the oesophageal

              '                      '

                                    '
     8. The moter end apparatus is divided into two shapes : types

r and Ir. The type r resembles principally the moter end plate

(tt,en plaque tt) in the skeletal muscles. Zt is measured 15 x 25 to

40 x 65 micron in range of dxmension : 50 x 50 mcron on an average.

                  '
                 '
                                                       '                              '              , ' -77-
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                   ･-{ ･ a                                                 '
                        '
                                        '                                          '                                    '                   ttt t
                                               '                                                    '                                             '                             '

                                                     '
                                                          .
                          '                                                       '                                           tt                                          '                       tt tt                                                      '                                                    '         tt
;f:.er,t:.ki,n,g.gh!,:Y2iig ghg:a;g:,g,ffs.gle.;e:l:tl,t:. ;l.::o:.s.:gl. orgeg.±:Xo

average. Theperiterrninalnetworkwa.snotobservedingeneral. ･

Usually, the moter end plate forms only one on one muscle £iber, but

the multiple innervation controlled by an unitary nerve fiber is

rnoderately found. The type Z end plate is sometimes accompanied by

the accessory nerve fiber in the whole portion of the upper half of

the oesophagus. The accessory end plate is motee simple in its structure

than the main paoter end.plate. The " terminaison en grappe " and

ultraterminalnervefiberaisowasrarely£ound. . .
:2;x.il ll:i.I.ei. :'.Ilo.i9o"//'/e/ i/ :he/i:eli".:iii:.i･Ail :iineii:li･iio:e:otn:p:aiE,g,61:::/ :..g･;;"d

                                                                      t

consisted o£ about IO to l50 rnuscle fibers. The crico-oesophageal

muscZehaveabout4ormoremusclefibersperonernoterunit.. '
pt,,,.,/}9'. I:g g:･:",2.g2.tilR",llgn.t;.gh:,:g;o:.gag.ggi e.:pg:a,:;;,.:zthg"

propria and moderate in the secondary papiilae. There exists the

speclal nerVe ce'11s va:z??ungol:2Leuglloo;.:g vessels xn the larnina propr=a.

                                         -tt
                                 '
                                             '
     On the basis of the data obtaineg.from the neuro-h+stologLcaZ

               '                    '                                                            '                            '
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                '                                         '                                   '      '           ttresearch, the remarkable proper.ties of the oesophageal wall o£ cattZe

aretobeconcZudedas£ollows.･ - -                                                      '                                                     '  '     1.The.oesophagealwallistriplyinnervatedbytheeach . ..

terrni.nations of the autonomic, sensory and moter nerves derived from

                                              'both the branches of vagus and the sympathetic nerve. . 'L' .
....,:.' ,.:aliglC:lgrlY.8.ll .ii,fi. !gai.th.,a,. g.gh.g,PgO,#.9:,:gsfi:lz;:' s,2i.gattze

                                                     '(li.ffered from the muscZes of torso and limbs, whiZe the crico-oesophageal

muscle has a characteristic as rather pharyngeal constrictor, lftfft'` m-.the l

                                                             'x-=-7-' nt
findings o£ the neuro-mtltc'ilu, lar (moter) unit, various sens'oiy and moter

                          .                                          '                                        .t
                                                          '
                                                     '                                                            '
     5. No muscle spindle was found,･ but the proprioception of the

oesophageal wall shouZd be confirm,ed by the comprehensive findings of

the specialized sensory terminations. -' ,
                                                          tt .
resea;cttrltSltl.e,,i n. erVe SUPPiY O£ the ,oesophageai papuia of cattle was

                                             '                                                         ttt                                                                '                   '                                                     '                                                    '                                                         '              - AKIgOVIZ,IEU)GEIYIIEnNiT '

               '                                .t tt                    t t..                                                         '          '                              '                                         '                                 '                                                                  '
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Fi g.

Fig.

Fig.

st g.

Fi g.

Fi g.

1it g.

Fi g.

 PZ,ATE Z

5. Cross section ot the vago-sympathetic trunk. The thich trunk

is vagus, and the sympathetie nerve is the thin trunk. Formol.-

Fix. FLETCHER'sStain.

6. Photonterograpm showing the meduZlated and non-medullated nerve

fibers in the sagLttal seetion of the vagus. Formol.-Fix.

FuaCHERis Stain.

7. Note the axons of various thickness in the eross seetion of the

vagus. Formol.-1rtx. BODrANtsStain.

8. Photomierograph showing the nerve fibers in the sy!npathetic

trunk. Formol.-Fix. FLEIICHEResStain.

9. NeTve cells in the vagus trunk at the ndddle portion of the

neck. Formol.eFix. FriEnlCHERtsStatn.

10. Themagnifiedvagalnervecells. Formol.-Fix. BODIANes

Sta tn.

11. Cross section of the recurrent nerve at the upper portion of

theneck. Formol.-Fix. H-EStain.

Z2. Photornicrograph showing the meduilated and nond-medullated

fibersintherecurrentnerve. Formoi..Fix. FIXEMCHER'sStain.
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A Y

Fi g.

Fi g.

Fi g.

Fi g.

Fig.

Fi g.

Fi g.

Fi g.

K

 PLAEI!E ::

 15. Shows the axons in a nerve bundle covered with the perineu-

riumettherecurrentnerve. Formol.-Fix. BODrANtsStain.

Z4. A nerve trunk in the outer eonnective tissue sheath. Note

 the meduUated and non-medullated nerve fiberB. Formol.-Fix.

 BoDrA]yts stai.n.

15. A Zarge ganglion found in the outer connective tissue sheath

 atthentddleportionoftheneck. FormoZ.-Fix. H-EStain.

16. Note the gemglia found in the outer sheath and intermuscular

 connectivetissueofthetube. FormoZ.-Fix. H-EStain.

 17. 1thotomicrograph ef the multipolar nerve eells in a ganglion

intheouterconnectivetissuesheath. Formol.eFix. BODrANts

 Stain.

 18. An intrinsic nerve trunk in the outer muscular layer.

Furcationonitseeurse. Formol.eFix. BODIANtsStain.

 19. Nete the terminal nerve bundles arborizing repeatedly in the

muscularcoat. Formel.-Fix. BOD:ANtsStatn.

20. Note the AUSRBACHts plexus spreading betvreen outer and inner

musculetrlayers. FormoZ.-Fix. FlEIrCHERtsStain.
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Fig.

Fig.

Fi g.

Fi g.

Fig.

Fig.

Fi g.

Fi g.

PlsA1!E :II

21. Note the triplicate plexuses formed at the portion of origtn

oftheoesoptagus. Formol..Fix. H-EStain.

22. Nete the ganglion found in the outer muscular layer at the

upperportionoftheneek. Formol.-FS.x. BODrAN'sStain.

25. Photontcrograpt of a ganglion in the intermuscular plexus.

Formol.-Fix. FLEIICH!CRtsStain.

24. Note the delicated features of the nerve eeZls in the gangMon

ofintermuscularplexus. Theyaremuitipolar. Arrowsindicates

Zongneuraxis. Formol.-Fix. FLEMCHERtsStain.

25. Note the serpentine simple branched nerve terntnation (arrorvs)

£oundintheganglionotintermuscularplexus. Formol.･Fix. ･
BOD:ANts Stai.n.

26. Nerve plexus found around the blood vessels (arrows) in the

intermuseularconnectivetissue. Formol.eFix. FLETCHER'sStain.

27. Show the findtng of the intramuscular nerve network.

Formol.eFix. BODrAN'sStain.

28. Show the autonomic nerve fibers accompanying the SCHVVANNts

nuclei found between striated muscle fibers of the upper pertion

oftheneck. Formol.-Fix. BODIAN'sStain.
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Fi g.

Figs.

Fi g.

Fi g.

Mg.

Fi g.

Fi g.

pr,ATE rv

2g.The terminaZ reticulumof the autonontc nervous system found

inthecrtco-oesophagealmuscle. Formol.-Fix. BODrANisStain.

 50 and 51. Note the free nerve termination found between muscle

fibers of the upper end partion ot the tube. Formol.-Fix.

BODZA)l's Stain.

32. The palisade-like nerve apparatus (" terrninaison en capu-

chons ") found in the inner museular layer at the upper portion

oftheneck. Formel.-Fix. BODrANtsStain.

53. A nerve terntnation tound in the muscularis vvhieh veli rese-

mblesthecorpuscleofMErSSNER. Formol.-Fix. BODrAN'sStain.

54. Note the terntnal ntnute fibers diverging radialiy trom a

terminal nerve bundle. The arrows indicate the divergent point.

Formol.-Fix. BODrANtsStain.

55. Note the terminal minute fibers arborized from one of three

terrninalnervebundles(arrows). Formol.-Fix. BODIANtsStain.

56. Fureation of the terminal minute fiber is showed be an arrow.

Formol.-Fix. BODIANtsStain.
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Fi g.

Fi gs .

Fi g.

Figs･

Fi g.

Fi g.

PLATE V

57. Photomicrograph of the " en grappe " having two end pZates

and an aecessory nerve £iber on a muscle tiber. Formol.-.Fix.

BODZAN's Stain. The detaiZ will be shovm in Fig. 72.

 :58 and :59. Dorsal emd lateral aspects of the typical moter

end plate (type Z) in the muscZe tissue ot the cattle oesophagus.

Formol.-Fix. BODrANtsStain.

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

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

Formol.-Fix. BOD:AN'sStain.

 41 and Ll2. Note the fine accessory nerve fiber (arrow) in the

moterendplate. Formol..Fix. BODrANtsStatn. Detailin

Fig･ 73.

45. Note the ultraterminal nerve fiber (arrow) furcated from

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

BODZAN's Stain. Detail vvill be shown in ]?ig. 74.

44. Photomicrograpt ot the moter end apparatus (type rX) tound

in the crieo-oesophageal muscle of the cattie. The accessory

nervetiberindtcatesbyarrow. Formol.-Fix. BODZANtsStain.

Detail will be shown in Fig. 75.
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Fi g.

Figs.

Fi g.

Figs.

Fi g.

Fi g.

PLAII}E VZ

45. The ganglion of the submucous plexus found in the upper

portionoftheneck. Thenervecellsvariesinsize. Formol.e

Fix. FriEI!CHEResStain.

 46 and 47. Nete the submucous plexus and ganglion in the

                 pt
oesophageal vestib.le. The nerve cells are distinguiBhable into

two kinds ; argentophobe and argentophile. Formol.-Fix.

BOD:ANis Stain.

48. The nerve bundle tound between lobes of the oesophageal

gland. Formol.-Fix. BODZAN'sStain.

 49 and 50. The nerve network (periductal plexus) found around

the duct of the oesophageal gland. The thick fiber is sensory

(arroiv). Formol.eFix. BOD:ANtsStain.

5Z. Note tvo thick medullated nerve fibers (arrows) found around

the oesophageal duct. One enters into sma11 gland loble, and

the other terminates freely in the connective tissue. FormoZ."

Fix. FrETCHERtsStain.
                                        A)･･･
52. The fine nerve fibers (arrow) found!"he terminal pertion

oftheoesophagealgland. Formol.-Fix. BODIANtsStain.
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Fi g.

Ng.

Fi g.

Fig.

Fi ge

Fi g.

Fi g.

Fi g.

PLATE Vr:

S5. The nerve bundles in the submucous tissue of the upper

portionoftheneck. Aleoh.-Fix. CILJALtsStain.

54. Note the nerve bundle rurming along the blood vessel in the

submucoustissue. Alcoh..-FLx. CAJALtsStain.

55. The nerve bundle wtnding towards the larnina propria. The

arrowindicatestheargentophobetibers. Alcoh.-Fix. eAJAL's

St aln.

56. Note the mucous plexus in the upper portion of the neck.

Formol.-Fix. BODZANesStain.

57. Note the Zateral aspect of the mucouB piexus in the upper

pertionoftheneck. Formel.-Fix. BODrAN,sStain.
ss. Note the serpentine nerve fi6er in the iardina propria.

Fermol.eFix. FlErl!CHER'BStain.

59. Note the serpentine non-bran¢hed nerve fiber found in the

larnina propria. Nerve fiber shows the frequent change in

thiekness. Alcoh.-Fix. CAJAL,sStain.

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

Formol.-Fix. BODrANtsStain.
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FI g.

Figs.

Mg.

Fi g.

Fi g.

Fig.

PLATE Vrrr

61. Note the fine nerve fiber reached the top of the papUla

oflantnapsopria. ALeoh.･･Fix. CAJALtsStain.

 62, 65 and 6t+. rhe non-branehed intraeptthelial nerve fiber

found in the vestible and upper places of the oesophagus.

Nerve fiber in Fig. 65 ends in small knob. Arrows showB the

fragmentsofthemucousplexus. Formol.-Fix. BOD!ANtsStatn.

65. Note a complete view of the oesophageal papilla of the

adult eattle. Rectangle magnification shovvn in Fig. 70.

Formoi.-Fix. BODrANtsStain.

66. Note the traeed nerve fibers (arrows) in the oesophageaZ

papillaoftheyoungcase. Formol.-Fix. BODTAN'sStain.

67. Note the serpentine nerve fiber in the lamina propria of

theoesophageaXpapilla(arrow). Formol.-Fix. BOD:ANtsStain.

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

oesophagealpapilla. Formol.-Fix. BODZANtsStain.
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Fi g.

Fi g.

Fi g.

Figs.

PLATE rX

69. Note the fine nerve fibers terntnating treely in the

secondarypapiilaofZarninapropria. ALcoh.-Fix. CAJALts

Stain.

70. Higher magnification ef the rectangle part in Fig. 65.

Note the distribution of the speeial nerve cells showing the

unipolar, pseudo-unipolar or rarely bipolar shape. Formel..

Fix. BODrAN･tsStain.

71. Note the nerve fibers in the oesophageai papiila of the

calf. Formoi.-Fix. BODZANtsStain.

 72, 75, 74 and 75. Abbreviation in the figures.

mott Moter end plate ; acn, Accessory nerve fiber ; acs, Accessory

end plate ; ult, Ultraterminal nerve fiber ; ule, Ultraterminal

end plate.
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