Structure and Innervation of the Esophagus of the
Mouse

&8 jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
*—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/7752




SRS @B MRt H93E B5E 713-735  (1984) 713

V7 A D RIBEDRERE & iR

EIRFIRFERMERF R R L AP HIE)
¥ O & =

(WFN594:10 0] 18 HZ 4f)

VU ZAREOWEE IR, BN s CUBEREC Y VRE L. b
$o L, EEHBAOBHEHRMEOBHREICS D 2 EERE, TEF VI ) VAT 5 — ViEkEs
THE, IHSDTEFNIY Y TAT 7~ CIEEBEOEIEIRIC B 28K 13, RERZUIIRENL
FT5, ATA-AT I BEYFFRAEEKE, TEFALA) P IRT 5 —BERBRY - FAKEOTS
S, ERHEMMRENOMRMR ECRLE SRS, BBEMEEEROY 73— 7 § wHEEER
Kid, ZREMEATVIERGG, HARL, 7EFLaY v 2R T 7 — VIEMBIERRIE, KRR, Mk
T5. ERAE, HEHRKS L UBIRE 51 2 PRARKEHEOMBER, #7317 3 VERORE
BRSO VXTI NI Y Y 2R T I OEEBEORREMOTE 2 EATVS, TOHTFI—AT
>R IERRHE 1 R EIIRR R, RT3, TEFNL DY VIR T T — VBN I R R T
#%, ZfLzw,

BHEEC ST, EEROMBRERE, SHOMERMY > 7 UNEEET 3, - ORI,
AR, EHCiRs, MBS ERN ORISR OMIIES & 2R Fislk, 2 BoEE
VP TARRROHENS, Thib, MNERMY FFANEEE TS A BE, NERES > 72N
PEETEBNEY S SANEEED BHETH L, A Y > S RIERETBMEEIIR BRI RS DIz
MU, By F 7FARKEKEMRENBEMICHS. 202 b, ABNKREEEESEREDT P
AEBIMERHEARME D > 7 ARG L, B RASKEMRERD 2 ) S ERME RSO v+ 7 Ak
KHET2 2Rl T2, FESREBOMBRBICRVHS W 2REXE, $8OYF 7 AN
BUBMRERBL L TR, ZOMBEALE, > 27 v BE—Ks, RGO EEY -
EL, 0.1~1.0 ym QLEEYECERE L ORERES 72 2BRT 2. 20EMEBEAIE, 2810548
END, b, NEKMEY T FANEEET S TRER YL, BEREY T 7 A/NMIEHE T2 1K
THD, 1B, TEMERERE, BMHCHE22Y, B, ZRRETTRR D 2 W IR %o
OTROBEICS, BMEERSY, 20, | EARBMEEHERDT L ) S RB R ae
DY F7ARRIHEY L, NEIHEREHREENORITREMIICEET 3 v+ P ARKICHEY T 2 - &
ERLTWE,

Key words esophagus, adrenergic nerve fibers, cholinergic nerve fibers,
myenteric plexus, mouse

RIEOBAE X, WHHD > AV ENEEIC L - TF NENENER 2R T 2 L a S & o S HEs
NAET B H B, FOMBLRIE, H o, K HIRBRCHRANRETAD SN Z 0 s, ZA2H

EMREOE AN 2K e ORI L > Th s & DI LRSI & TEEENE O OFEy
ENTERLD, THIVTPLRETVHAER, -0 TRENTETRE, Lal, 2OBEOMIT

EEAE S EE S N BEEB L L THS A0 & EHETE A, 72, REOEESE &SRR
OO & 2 O KRG BRI L LAY BT 28 TRAMST (BE) BBCESCHEI, HT

T3, 42 Gruber'® & Samarasinghe! o [& % 5 /8 12 B &
FHEREORIZRL T, Al 0 _LIRER & Tistfa 2 DEFWAREE AT E R,

Abbreviation: FGS, formaldehyde-glutaraldehyde-sucrose



714 B

REEBOERGOMELRICEL Tk, HEMEE
BOMEMRMSEEL TuineTaai2L, M5L
TR ETABDEHMNNILL T3, 72, BRNFEIRES
R AR ER I OV T, SBMERE DR
Bl e F 7 AEBEL, ZoOMEEEEE AL TH
BIICXERT 2 LOB, HIRRESTFRINIC R
LTESEXET 2 L3, 8LV homXEE
ARPHEEFETL2LOHIChrR TV,

—7, REENORLE#EKRRCEL T,
Andrew®™ k Iggo®Vh3, LEMEEEfEHRE & K EMBICS
NTOIHERMECN T 3 BREHEENRZTICE T
T, TOFEETRL, £/, SEOMEREEC
XD AHENEME OLE) T EERTTH KET
B>, EEHBNE X UHBEIC B EERDK
FAMESROHEN, &5 CHHEYDOEELRES
NTETWS, Lbl, ZhosDRUERERIZET 2
BERBCEISREI I IhEER L,

UEDE%2EEL, EEZ, ~TAREIIDVT,
Z OGS S PIC R RE 2 XHE L o VIcEEw
SoTHHLELI LEZT:. ZOEND DB S
AEETAHE, 2o PICAEROHBEONHEE
BE AR R T L 2B ORI L o TR
RL, 20T, ENHEREROMIEE® MEREE,
HB LR RE, B X UVEBEREIC L > TREL 72,
B, REICHHT 5 EREOME, EBELURED
HREERERT 200, SEOFREIC & 2 MiEL =R
21Tk oz,

s L UFE

1. RE&E)4

MRRMKH-1E~ Y X (Mus wagneri var.
albula) % RERBW L L TRV,

. XEEHEER
REOHEERET 5700, RExAROEEER
BO—FERMFLLEEWMYHL, 10%FLw) P izE
R, 877 4 iEE, WMFERTIALL, ~v b
YUY ZAYUREEBL, £/, BEICAET
LU KREDOETERET 279, AFEOEMRLS
Vi HERSER 2SS T, RELRERARTS LU
B L B0 L, REBEERS (BEHE)
X BEE - B EML, BEEEYR 2 FEML 7.
IOFEIT LD b, WEHIE S X ORI EE
Bz L BEBIRENCREIND,

. #ES2rRRE
BEOMEEROMBRZISEORE L, RDF
BizE o7,

1. AFa—LA73 ¥l

it

AT A—=NT I VEEBHD L ODERL AT LT
FeZNg—=n7L7FkF-vafl (formaldehyde
-glutaraldehyde-sucrose, FGS) [EF#E2 % FH -,
COFFEICLD LBBHOAT I —AT 2 L 3 ¥RE
DHNEFHT D,

2. PEFLAY T RTS5S—HSEMBREE

TEFNaY vy AT I —VEEREDIZDD LR
7 VBEEEDER W, ZOFBIEBET SN
AV Y2 AT F — EEEEMES B AR K
Hahns,

3. BEAERBFED

4, F227ABEMBREE

34 BMRBRHEEBRAO-HOMBE LTHERL
7z,

V. BFEMSERRE

REOEBRRE I, REEMOHL,25% 715 —
AT FER0.1ml0.2M Y > EEEWR (pH 7.4)
S5mleyalf0d4g 2%+ ATV LB mInsRE
BEEHIC 4°CC 2 IR EREIEL, =¥/ —LRFC
Biizk, A0y Z781210E04E, LKB 2088 74 b o b — Al
Lo TEYIF ZEEL 72, R L um QYR %
Dy, bV A Yy TN —FE@NEEL, BERREIC L 5
BEMIOREORE L Lz, YR ICIIERY 7 =1
RO EREPEEL, HU-12 b 5 v id H-500
BEBHICL>THRELS:. EET7 LT FEEREDE
7, RHEENEHRKROBRRICIE, Tranzer 5OEY
O ABEREED ERG, O FEC L B b, R
FDHTA-NT I EEYHED CETFEEREY
Bl Tiiians,

V. RO & UREEYIR RS

FIEXRMEORFRFELEN L T2 IR R
Dicsd, REFEMBLREOT, TRABOME - g
HEiOVIW S 5 ISYIRER E1T4 - 72, FATCHEL T,
FAR Y - ERERES (0.1mg/g) & & 5 FRE%
MU 7z, S, 16, 24 8508, 2, 4, 7 HRSEL
TZw ARG, REEED, ERLGE - ECEE
BB L, ROELEREL .

1. LE#ESHOUR

EEEAREEYIRR L, NSHEBIR & SRR & D25
T, LEAMMREET R SR TR L 2o,

2. PEMRET S U I BRSEE 0OIR

SPEERRERET 2 S O BARMHREIYIRR 2, MEWIAE
HRTYINTL, CIETE AR AL IR RE O L 2 B
E€zE, EAZOLTOR TR ¥, #HET
RO BRI 2 (78 5 2 PSR 8 & fERE L T Uik
L, 2200T, REBIROLASN - SEEM M2k
IR L SR L ORICAIE T 2 BIRHRET % THa2L




RIE O & MR AL 715

THIRRL 72,

3. BEREEET L S 0N LIBMEH IRSEE ot
FEMERRERT G & UM L ISR ShIR MR AT 12, B
L, BEESRL S 0 ERRIEEIR O BIGE I B
T 5 MR ET & RIBTIEBIR MR 2 TEE L, 2 h
SEYIBRL,

4. REWZOLIMT
HAERHEYINT X, BREASDBIE & HOSETL e L ot
TR BEREIO R AANC(IE 3 2 2k iR DA Ia T
EREEEL, IhayIlrL e,

B 1#

I, 7 2A0EEO—MEE & BRE I ZE 5 8E0
EBE

1. T 20BEN—REEE
YUAOREIRFE1~1.5mm, £E#¥dem T, 7
DRI S R A & SRR & o BT CIWER I BT
L, RN B T3 58 1 IEHED 2540 5 mm 3R
MTHOBFICHR T 2. AHEHIESW1lcm T
B 1M D ERN CRYEE b O & SRS ERIC A L T,
REMHE 25, AEMERERESH 2em T, B 104
O THEEORERACES, oM, B2M
OB CRESUTR S & FIUARE X OW [ % E:8
Ly DFRITEFICBEIL, bk, BHEOFERICE-
TRANED, AEHFLEED, B A - TRENE
Hris, SEEEIIRLH lom T, WEHO TR
EANED, BOWMIET 2,
YUADREDOREERET2BIRE LT, £ -
HOLREEIRS X U - RO T REHRS S5,
REBINRIE, LFRIRBINR S 5 DL, B e ss L
ODHERA~NED, BEDREAEMOG 12 % T2
Y5, XTOM, LAETNRIE, FixTAELSE, =
SUREXAH MY, MTFABIIRL, EEFER
BOGFIEL, BREOSEMLOC RS TREON
M@u%b,%%&t%ﬂﬁmz&uﬁmu,%ﬂ%
NREDEPE IS > TR 2. WK I SE S
%éti?éb,%@ﬁﬁ%ﬁ@ﬁ<ﬂiTéT&
BTERESRE, ESHR S 2 K+ 2, 201
AIZ BB O 2/3 & 8IS SEE =S - ©
MR GE D, RE MO 1D TET 5. o
1$ﬁ%ﬁﬁ%@%%lﬂ@ﬁ@ﬁumof%ﬁ«ﬁ
U,Eﬁ®ﬁ<mifﬁ¢5.iﬁ®%-&Tﬁﬁ%
BRI BB 123 » TR B R, Fia TRIEEBEN~K*
s,

2. RBCEsRERROER

FRIREEH L 7B A OB E S £ -
BrmEamomR+® 110577,

Fig. 1. Diagrammatic representation of the
ventral view of the nerve branches supplied to the
esophagus, and their topographical relation to
the vagus nerve and the sympathetic ganglia. e,
esophagus ; 1, inlet of the larynx ; lcg, left coeliac
ganglion ; Iflg, left first lumbar ganglion ; Imcg,
left middle cervical ganglion ; Ir, left recurrent
nerve ; lscg, left superior cervical ganglion ; lsg,
left stellate ganglion ; Itg,left thoracic ganglia ;
Iv. left vagus nerve; Ivg, left vagal ganglion ;
smg, superior mesenteric ganglion ; rcg,right
coeliac  ganglion ; rflg, right first lumbar
ganglion ; rmcg, right middle cervical ganglion ;
rr, right recurrent nerve; rscg, right superior
cervical ganglion; rsg, right stellate ganglion ;
rtg, right thoracic ganglia; rv, right vagus
nerve ; rvg, right vagal ganglion.
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Photo 1. Transverse section of the caudal part of
the mouse esophagus. The inner layer of the
muscularis externa is thickened, owing to the
increase in volume of the smooth muscle fibers
(SM). The skeletal muscle fibers (SK) are seen
in the outer layer of the muscularis externa.
Hematoxylin-eosin stain; x 100.
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Phote 2. Motor end-plate (M) on a skeletal
muscle fiber in the outer muscle layer of eso-
phagus. Photographic silver stain; x 640.
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i B LA
Photo 3. Myenteric plexus containing nerve cells. i
An axonal ending (E) situated on the nerve cell is Photo 6. Fine nerve bundles (arrow) composed of
seen. Photographic silver stain ; x 640. unmyelinated nerve fibers located around the

artery running in the outer muscle layer. Photo-
graphic silver stain; x 800.

Photo 4. Fine nerve bundles composed of un-
myelinated nerve fibers among the smooth — -
muscle fibers of the inner muscle layer. Note Photo 7. Catecholamine fluorescence-positive
the axonal varicosities (V). Photographic silver nerve endings located around the nerve cells in
stain; X 800. the myenteric plexus. FGS method: X 640.
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Photo 8. Catecholamine fluorescence-positive
nerve axons in the fine nerve bundle located
among the smooth muscle fibers in the inner
muscle layer. Note the numerous varicosities
(V) along the nerve axons. FGS method ; X 640.

Photo 9. Catecholamine fluorescence-positive
nerve axons in the fine nerve bundle located
around the artery running in the outer muscle
layer. Note the numerous varicosities (V) along
the nerve axons. FGS method ; x 640.
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Photo 10. Acetylcholinesterase activity of the
fine nerve bundles (arrow) and the nerve ending
(tailed arrow) in the myenteric plexus. The
nerve cell (N) also shows acetylcholinesterase
activity. Rubeanic acid-enhancement method ;
X 640.
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Photo 11. Acetylcholinesterase activity of the
fine nerve bundles (arrow) located among the
smooth muscle fibers in the inner muscle layer.
Note the wvaricosities (V) along the axons.
Rubeanic acid-enhancement method ; x 640.
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Photo 12. Skeletal muscle fibers (SK) and smooth muscle fibers (SM) in the outer muscle layer.
% 11,000.

Phto 13. Motor end-plate on a skeletal muscle fiber (SK) in the outer muscle layer. Note the

numerous agranular synaptic vesicles in the axonal ending (E). > 11,000.
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Photo 14. A nerve cell (N) in the myenteric plexus and a Type B synaptic nerve ending (B).

1

The Type B ending, containing many agranular synaptic vesicles, comes into contact with a

dendrite (D). X 15,400.

Photo 15. Exposed cell area (EX) of a nerve cell
(N) in the myenteric plexus lacking the covering
of the processes of a satellite cell (SA). Note the
accumulation of agranular vesicles in the cyto-
plasm just beneath the exposed cell surface. x
16,000.

I CE o 5T 0 2, TERNIIED X B,
REMRS CNCET 2/ NEOBEEL T3 /g EEs
B, INEERONERER 25 205, 20N
RIREF IS B 2 &5 K S K . EBRE
AR 1L 900~4, 0008 O/ D 2380, Lid LIZH
BICADIEA, Wl THRIRERE ST 2, TBASIER O
LD AIIE 02, BB & B OB D 12 5,
B % o I MRS ET 2 (BHE 12).
2) REBRNMEER OIS

1) BRI BRI

NEEEERHED % <12, FRABRT 2 EBNEER 2>

Fig. 2. Diagrammatic representation of the
synaptic relationship in the nerve cell (N) of the
myenteric plexus of the esophagus. Many
agranular vesicles accumulate in the exposed
area (EX) of the nerve cell body lacking the
covering of the processes of a satellite cell (SA).
The extrinsic nerve axons form both the axo-
somatic synaptic endings and the axo-dendritic
synaptic endings. Two types of axo-somatic
synaptic nerve endings, Type A (A) and Type B
(B) are seen. Similarly, two types of axo-dendri-
tic synaptic nerve endings, Type A (A) and Type
B (B) are seen. Type A always has small
granular synaptic vesicles, and usually a few
agranular or large granular synaptic vesicles.
Type B always has many agranular synaptic
vesicles, and sometimes a few large granular
synaptic vesicles.
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Photo 16. An axo-somatic Type A synaptic nerve ending (A) located on the nerve cell body (N)
in the myenteric plexus. The nerve ending contains many small granular synaptic vesicles
and a few agranular and large granular synaptic vesicles. X 16,000.

Photo 17. An axo-somatic Type B synaptic nerve ending (B) located on the nerve cell body (N)
in the myenteric plexus. The nerve ending has many agranular synaptic vesicles and a few
large granular synaptic vesicles. x 16.000.

Photo 18. Axo-dendritic Type A (A) and Type B (B) synaptic nerve endings in the myenteric
plexus. The Type A ending contains many small granular synaptic vesicles and a few
agranular and large granular synaptic vesicles. This nerve ending makes synaptic contact
with a dendrite (D). The thickening of the postsynaptic membrane is seen. The Type B
ending contains many granular synaptic vesicles and makes synaptic contact with a dendrite
(D). x 32,000.

Photo 19. Two axo-dendritic Type B synaptic nerve endings (B). The nerve endings contain
many agranular synaptic vesicles and a few large granular synaptic vesicles. They come into
contact with a dendrite (D), showing the thickening of the postsynaptic membrane. X 16,000.
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Photo 20. A Type A synaptic nerve ending (A) in
the myenteric plexus. It contains many large
granular synaptic vesicles in addition to many
small granular and agranular synaptic vesicles.
X 16,000.

: LR
Photo 21 to 23.

nerve bundle located in the muscularis interna.

Type I (1) and Typell(Il) a:

MEELEATYS, EI, SHOEERKI My
BH, LELLUTKRERENERZLEATOLE, )
RV NEEE £, SE, MEEEOBEBCHL
B2 v ABEEEE, RSO B0 s
TFRRRET T 528, NERMENEOFR 2 R CEE
L, #ANCERITH -7z (H3),

MR IZ DT, 1AL IR0 MR R D 535
FEEFRELL, Z01LD, HEGROEL OEHsm
5 96 MOEBHE R %, EREEES, 000 ETHREL, #
NIBbn7 RO, I, HEEY D OMBEs
WEL 7. HiOBEVR OHEREORERIZ 2.3X100
1T, RO E N iR oi 6 flch 1. #
DIH 2N IECEL, 4FIRIIICELY, 2h
SORAEAFHOEMEARL D OMICBET 2 L, 1
BURSR D AR EE L 8/10'12TH D, ILEEEK D

tonal expansions in fine nerve bundles located
among the smooth muscle fibers (SM) in a noriaally innervated esophagus. Photo 21 is a fine

Photo 22 is a fine nerve bundle located in the

muscularis mucosae. Photo 23 is a fine nerve bundle located near the arterial wall. These
axonal expansions lack a Schwann cell sheath (SC) on the side facing the tissue space. Type
I contains many small granular synaptic ves cles and several agranular synaptic vesicles.
Typellcontains many agranular synaptic vesicles. x 17,500.
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Fig.3. Diagrammatic representation of the fine
nerve bundles among the smooth muscle fibers
(SM) in the esophagus. The unmyelinated axons
have numerous expansions which contain many
synaptic vesicles and lack a Schwann cell (8C)
sheath on the side facing the tissue space. The
axonal expansions can be divided into two types:
Type I (1), those having small granular synaptic
vesicles and a few agranular or large granular
synaptic vesicles; and Type II1(II), those having
many agranular synaptic vesicles and sometimes,
a few large granular synaptic vesicles.
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Photo 24. An afferent nerve ending (AF) and its small processes (P) surrounding the smooth
muscle fibers (SM) in the outer muscle layer. Type I axonal expansions (I) come into contact
with the afferent nerve ending. SK, skeletal muscle fiber. x 8,000.
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Fig. 4. Diagrammatic representation of the eso-
phageal regions innervated with the various
sympathetic ganglia, based on degeneration
experiments by ganglionectomy. A: Region
innervated by the superior cervical ganglion. B:
Region innervated by the middle cervical and
stellate ganglia. C: Region innervated by the
lower thoracic sympathetic ganglia or the coeliac
and superior mesenteric ganglia. Note con-
siderable overlapping among these innervated
regions.
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Photo 25. Degenerating axon (DG) and surviving Type B nerve ending (B) in the myenteric
plexus of the cervical part of denervated esophagus, 24 hr after superior cervical ganglionecto-
my. x 17,500,

e ————

Photo 26. Degenerating axon (DG) dnd surviving Type [Taxonal expansions (II) in the fine
nerve bundle located among the smooth muscle fiber in the outer muscle layer of the cervical
part of the denervated esophagus, 24 hr after superior cervical ganglionectomy. X 17,500.

Photo 27. Degenerating axon (DG) and surviving TypeIl axonal expansion (I) in the fine nerve
bundle located around the artery in the inner muscle layer of the cervical part of the
denervated esophagus, 24 hr after superior cervical ganglionectomy. x 17,500,
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Photo 29. Degenerating synaptic nerve endin
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Photo 28. Degenerating axonal ending (DG) at the
motor end-plate located on the skeletal muscle
fiber (SK) in the outer muscle layer of the
cervical part of the denervated esophagus, 24 hr
after cervical vagotomy. x 10,000.

g (DG) and surviving Type A nerve endiwngs (A)'

located in the myenteric plexus of the cervical part of the denervated esophagus, 24 hr after

cervical vagotomy. x 32,000,

Photo 30. Surviving Type A nerve ending (A) located in the myenteric plexus of the cervical
part of the denervated esophagus, 24 hr after cervical vagotomy. X 17,500.
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Abstract

The structure and innervation of the mouse esophagus were studied by the use of histochemi-
stry and electron microscopy. When studied after histochemical methods, the nerve endings
located in the motor end-plate on the skeletal muscle fiber in the muscularis externa are found to
be acetylcholinesterase-active. These acetylcholinesterase-active motor endings in the end-plate
disappear after vagotomy.Both catecholamine-positive synaptic endings and acetylcholinesterase-
active synaptic endings are found on the nerve cells in the normal myenteric plexus. The cate-
cholamine-positive endings in the myenteric plexus disappear after sympathetic ganglionectomy
and the acetylcholinesterase-active ending disappears after vagotomy. The fine nerve plexus
among the smooth muscle fibers in the muscularis externa, the muscularis mucosae, and the
arterial wall contains both catecholamine-positive varicose fibers and acetylcholinesterase-active
varicose fibers. The catecholamine-positive fibers disappear after sympathetic ganglionectomy,
while the acetylcholinesterase-active fibers show no change after vagotomy.

In electron micrographs, the axonal ending in the motor end-plate shows many agranular
synaptic vesicles. This axonal ending undergoes degeneration after vagotomy. On the cell body
and processes of the local nerve cells in the myenteric plexus, there are found two kinds of
contact synaptic endings: Type A, those having small granular synaptic vesicles, and Type B,
those having agranular synaptic vesicles instead of the small granular synaptic vesicles. Type A
synaptic endings undergo degeneration after sympathetic ganglionectomy, while Type B synaptic
endings undergo degeneration after vagotomy. This indicates that Type A corresponds to the
synaptic ending of the adrenergic nerve fiber originating from the sympathetic ganglia, and Type
B to the synaptic ending of the cholinergic nerve fiber derived from the vagus.

The varicosities found in the fine nerve plexus located among the smooth muscle fibers are
revealed as expansions of axons containing many synaptic vesicles. The axonal expansions partly
lack a Schwann sheath and directly face the tissue space found in the smooth muscle fibers to
form a distant synapse having a relatively wide space, 0.1 to 1.0 um in width. The expansions
can be classified into two types: Type I synaptic endings, those having small granular synaptic
vesicles, and Type II synaptic endings, those having agranular synaptic vesicles. Type I under-
goes degeneration after sympathetic ganglionectomy, while Type O shows no degeneration
in either sympathetic ganglionectomy or vagotomy. This indicates that Type I corresponds to
the sympathetic ending of the adrenergic nerve fiber originating from the sympathetic ganglia
and Type II to the synaptic ending derived from the local nerve cells in the myenteric plexus.



