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I. INTRODUCTION 
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Many investig·ators have reported j)hysiological and histological experiments on 
the sensation of the stomach and they have insisted on its existence. 

CHuJI KrMuRA (Assist.-Prof. of our clinic) has ])roved with his acetylcholine 
method, that sensation in the alimentary canal is innervated by sensory nerves in 
both the vagus and the sympathetic nerves. 

Prof. H. SETo (Tohoku Universit~-) has observed senson- nerve endings (SETo) 
in the esophagus, stomach, duodenum and anus, and he maintains that they are 
histological!~· quite (1ifferent from the autonomic nervous rieriphery : they terminate 
in free em1ings not in a network. 

A. 0Tsu s~'stematically studied the sensory innervation of the stomach by 
secondary degeneration after section of nerve roots. Thus he proved the existence 
of vagal affernt nerve fibers, but concerning the afferents arising from the poste­
rior roots of the spinal cord, he could not clearly prove the degenerated figures of 
nerve fibers in the stomach after posterior rhi:wtomy. In his experiment he exa­
mined the changes in nerves in the stomach 18 (lays after posterior rhizotomy. 

It seems to be too late for observing secondary degeneration after rhizotomy. 
Furthermore, his description is not clear on what part the rhizotomy was done. 
According to many authors of our clinic, posterior rhizotomy must be done distal 
to the spinal ganglia. The author, therfore, tried again to prove by degeneration 
experiments the afferent nerves in the stomach. 

IL l\IA TERIALS AND METHODS 

0 The materials used in this study were the stomachs of dogs and human beings. 
tly fresh specimens, taken operatively and immediately after resection, were 
s ained. After fixation for 2- 3 weeks in 10 % neutral formol solution, the specimens 
:~re_ frozen, sliced in thickness of 35 451L, fixec1 again in 10 % neutral formol 

Ubon for 2 3 weeks, and then stainccl. 
a F'or systematic observations, laminectom:: was performc(1 on clogs under general 
llesthesia with sodium isom~tal. The dorsal roots of the spinal cord were cut 
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distal to spinal ganglia on both sides. In other dogs, unilateral vagotomy was 

performed in the neck at a point distal to the ganglion nodosum, or bilateral 

vagotomy was done in the thorax under positive pressure breathing. 

Secondary degeneration of nerve fibers was observed hア EHRLICH’smethod, while 
changes in the nervous syncytium and -ganglion cells were observed by JABONE求b’s
silver carbonate impregnation. 

Operations were performed as follows : 

( 1) Section of the dorsal roots on both side (Ths-Th8). 

( 2 ) Section of the dorsal roots on both side (Th9-Th t 1) . 

( 3) Section of the dorsal roots on both side (Thu-Tht3). 

( 4) Section of the dorsal roots on both side (L,-Ls). 

( 5 ) Cervical vagotomy on the left side at a point distal to the ganglion 

nodosum. 
( 6) Cervical vagotomy on the right side at a point distal to the ganglion 

nodosum. 
( 7 ) Bilateral vagotomy in the thorax. 

III. SYSTEMATIC OBSERVATION OF THE SENSORY 

INNERVATION OF THE STOMACH 

1) Bilateral posterior rhizotomy 

According to J. N. LANGLEY, 0. FoERSTER, S. W. RANSON, P. R. BILLINGSLEY and 

others, most of the visceral afferent nerves are myelinated nerve fibers derived 

from the sympathetic trunk. 

D. SHEEHAN has proved that the visceral afferent nerves, which reach sensory 

endings such as the Vater-Pacinian corpuscles in the mesentery, have their cell 

bodies in the spinal ganglia of the dorsal roots of the spinal cord. 

I examined the degenerated nerve fibers in the stomach following experimental 

posterior rhizotomy. 

The specimens were taken from dogs on which posterior rhizotomy had been 

performed distal to the ganglia of the dorsal roots. Most of the stomach was 

resected 5 days after rhizotomy, and stained with EHRLICIどshematoxylin method. 

Rhizotomy was performed on the segments from Th,i to L3, and the experime-

nts were divided in 4 groups as follows. 

Group l・ー，・・ ・ ・ ・ Rhizotomy on Th;1 ・ ・ ・ ・ ・ ・ ・ ・ ・ Th8 

Group 2・・・・・・・・Rhizotomyon Th9 ......... Th11 

Group 3・・・・・....Rhizotomy on Thll・・・・・・・・・Th,3
Group 4 ......... Rhizotomy on L1 ............ L.8 

After experimental posterior rhizotomy, myelinated nerve fibers in the stomach 

were stained unequally, broken at places, and looked like granules or beads. A few 

degenerated nerve fibers were found in the specimens taken 4 day・s after rhizotomy. 

Observation 5 days after operation was most suitable for tracing the degenerated 

nerves. In the specimens taken more than 6 days after oper叫ion,some of the 

nerves had already disappeared. Degeneration of rny・elinated nerve fibers was found 
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frequently in nerve bundles in the submucous and muscular layers. 
Group 1. Degenerated nerve fibers were found in the submucous layer of the 

cardia and the corpus ventriculi. (Fig. 3) 

Group 2. Degenerated nerve fibers were found most frequently in the muscu・
lar and submucous layer in every part of the stomach. (Fig. 4) (Fig. 5) 

Group 3. Degenerated nerve fibers were found in the submucous layer of the 
corpus ventriculi as well as the pars pylorica. (Fig. 5) 

Group 4. A few degenerated nerve fibers were observed in the submucous 

layer of the pars pylorica. (Fig. 7) 
According to the results of these experiments, the afferent nerves of the 

stomach of dogs are derived from thoracolumbar segments extending from Th5 to 
L,, and most of these nerves run via the greater and smaller splanchnic nerves. 
No degeneration of the preterminal or terminal reticulum was found after 

posterior rhizotomy. 
2) Vagotomy. 
Many investigators have reported the existence of afferent nerves in the vagus 

nerve from their physiological studies. A. Otsu found degenerated myelinated 

nerve fibers in the tunica muscularis and in the tunica submucosa of the pylorus 
of a dog after vagotomy. 

The experiments were divided as follow : 
Group 1. Vagotomy on the left side. 
Group 2. Vagotomy on the right side. 
Group 3. Bilateral vagotomy. 

Unilateral vagotomy was performed fin the neck at a point distal to the gang-

lion nodosum. Bilateral vagotomy was performed in the thorax under positive 
pressure breathing. 

In all cases, degeneration of the myelinated nerve fibers in the tunica submu-
cosa was observed in every part of the stomach. (Fig. 8, Fig. 9, Fig. 10) 

It was most suitable to observe secondary degeneration of nerve fibers in the 
stomach 8 days after Vagotomy. 

No change was found in the preterminal or terminal reticulum in the stomach 
after vagotomy. 

DISCUSSION 

As regard to the peripheral structure of the autonomic nervous system, there 

are the morphological studies by BoEKE, STOHR Jr., JABONERO and others. Their 

observations are similar in that they all describe terminal network stucture without 
free endings. 

Ph. ST出RJr. called this terminal network“terminal reticulum ”， which con-
sists of fine nerve fibrils with or without neuroplasmatic syncytia around them. 

JABO~ERo, in his own modification of BrnLscHowsKY’s impregnation with silver 
carbonate, maintains that the terminal autonomic nerve fibrils are without excep-
tion surrounded by neuroplasmatic syncytia and he describes arguments against the 
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terminal reticulum (ST出R) which has no neuroplasmatic syncytia. So JABONERO 

called the unit of the peripheral autonomic nervous structure“Nervous Syncytium”． 
The author cannot decide whether ST出R’s“terminalreticulum ”or JABONERO’s 
“nervous syncytia " is the better term to describe the unit of peripheral autonomic 
nervous structure. However, considering the uncertain differentiation of nervous 
fibrils from the collagenous or the trelis fibers in the silver impregnated prepara-
tions, the usual existence of the neuroplasmatic figures around the neurofibrils in 

the preparation makes it easy to distinguish the fine nervous substances from other 

tissues. JABONERO insists upon the existence of a special nerve cell in AuERBACH’s 
plexus which forms a synaptic contact with the postganglionic fibers, exclusively 
gives rise to the nervous syncytium. 

The author found such a special nerve cell (Fig. 2) which supports JABONERO’s 
opinion, but is not certain whether this special sort of the nerve cell alone can be 

the origin of the nervous syncytium. 

As for the nature of the visceral sensory nerves, SETo maintains that there is 
a special feature which is histologically distinguishable from the autonomic nerves: 
they are thicker than the autonomic nerve fibers and terminate in free endings. 

0Tsu, in agreement with SETO’s opinion, described the special character of SETO’s 
visceral sensory nerves as consisting of one single neuron between the nerve roots 
in the spinal ganglia and the effector tissues, and as being myelinated even near 

their endings. 
0Tsu studied the sensory nerves in the stomach and tried to determine the 

sites of their roots in the vagus or in the posterior ganglia of the spinal cord. 

He proved secondary degeneration i1' the mucous membrane of the stomach 
appearing after section of the vagus trunk distal to the nodular ganglion, but it 

was not possible to call the changes in the sensory nerves, after section of the 
posterior roots of the spinal cord Wallerian degeneration. He only described them 
therefore, as abnormal figur℃~ of the nerve fibers. 

The author could clearly demonstrate degenerated myelinated fibers and follow 
them as far as the submucous layer of the stomach. 

Why did 0Tsu fail to observe typical degenerated figures of nerves in the 
stomach after cutting the posterior roots? He examined too late and the rhizotomy 
was not performed exactly distal to the spinal ganglia. 

Secondary degeneration should be examined 5 d町’safter rhizotomy. 

The optimal degeneration figure appears in the posterior rhizotomy cases a few 
days earlier than the vagotomy case (8 days in the latter) . 

According to the author’s observations, stomach receive日 itssensory supply 
from the posterior roots on both sides of the spinal cord between Th. 5 and L. 3, 
espeicially from Th. 9 to Th. 11. 

This suggests that the gastric sensory nerves have their roots in many seg-
ments of the spinal cord spreading out of the focus at Th. 8. 

The author supposes that vagal sensory nerves in the stomach somewhat 
predominant in number over those of the spinal sensoQ’ nerves, but it is not 
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certain, as he could not keep an exact count of these nerve・ fibers. 

y. SUMMARY AND CONCLUSIONS. 

1) The gastric sensory nerves consist of vagal and spinal nerves. 

2) The spinal gastric sensory nerves arise from the posterior roots between 

Th. 5 and L. 3. mainly between Th. 9 and Th. 11. in the dog. 

3) The optimal 1.Vallerian degeneration features of the gastric sensory nerves 

can be seen 5 days after posterior rhizotomy and 8 days after vagotomy. 
4) The vagal gastric sensory nerves seem to be more numerous than the 

spinal sensory ones. 

5) The special nerve cell, which exclusively gives rise to the nervous syncy-

tium, was found in the myenteric plexus of the stomach wall. 

6) The author did not find a special sensory bod:yァ inthe stomach. 

I am mueh indehted to Assist.-Prof. Dr. Ch. K川【JRA for his constant help Athoroughout 

this study. 

References 

I) Asai, Sh.: The Law of Dual Sensory Inner司

vation of viscerae (Naizo Chikaku no Niiyu 
Shihai Hosoku, in Japanese). Kyoto Igaku 
Zasshi 23, 24, 1926. 2) Clara, M.: Die Ana-
totnie der Sensibilit忌tunter besonderer Beriick司
sichtung der vegetativen Leitungsbahnen. Acta 
Nero-Veg. 7, 1953. 3) Feyrter, F.: Ueber 
die Pathologie der vegetati¥・en nervosen Peri-
pherie und ihrer ganglion忌renRegulationsst-
孟tten.1951. 4) Herzog, E.: Acta Neuro-Veg. 
10, 110, 1954. 5) Hiramatsu, S.: Supplemnts 
to the Knowledge in the Sensory Innervation 
of the Stomach (Chikaku Dendoro ni Kansuru 
Chiken Hoi, in Japanese). Tokyo Igakukai 
Zasshi, 49, 1935. 6) Inoue, H.: A Histological 
Study of Sensory Nerves in the Biliary Tract. 
Arch. fur jap. Chir. 24, 1955. 7) Ishikawa, 
N.: Tokyo Igakukai Zasshi (in Japanese). 36, 
l, 1922, 46, 3, 1932. 8) Jabonero, J.: Der ana-
tomischen Aufbau des Peripheren Neuro-veg-
etativen Systems. Acta Neuro-Veg. Suppl.』，
1953. 9) Kuntz, A. : Anatomic Nervous Sys-
tern. 1947. 10) Kimura, Ch.: Surgery of the 
Autonomic Nervous System (Jiritsu Shinkei 
no Geka, in Japanese). J. Jap. Surg. Soc. 52. 
1951. 11) Kimura, Ch.: Physiology of Ab-
dominal Pain (Fukutsu no Seiri, in Japanese) 
Rinsho no Shinpo. 7, 1953. 12) Kimura, Ch.: 
Development of the Dual Afferent Innervation 

Theory of the Viscera (Chikaku Nizyu Shihai 
Gakusetsu no Shinten, in Japanese). Nihon 

Rinsho. 11, 2, 1953. 13) Kimura, Ch.: Visceral 

Sensory Nerves and Autonomic Nerves(Naizo 

Chikaku Shinkei to Jiritsu Shinkeikei, in Ja司
panese). Saishin Igaku 9, 5, 1954. 14) Kimu-

ra, Ch.: Peripheral Structure of Visceral Sen-

sory Nerves, (Naizo Chikaku Shinkei no 

Masshozo, in Japanese). Rinsho Geka. 9, 1954. 
15) Kimura, Ch., Otsu, A., Tanal王a,N., and 

Inoue, H. . A Systematic Histological Study 
of Sensory Endings in the Alimentary Canal. 
Arch. f. jap. Chir. 22, 2, 1953. 16) Kure, T., 
and Okinaka, S.: Autono1】iicNc1・,・ous System 
(Jiritsu Shinkeikei, in Japanese). 1949. 17) 
Kawakami, K.: Study on Visceral Sensibility 
(Naizo no Chikaku ni tsuite, in Japanese). 
Kyoto Teikoku-Daigaku Igal王ubuSeirigaku-
kyoshitsu Ronbunshu. 2. 18) Langley, J. N.: 

The Autonomic Nervous System. Brain. 26, I. 
1903. 19) Makino, K.: A Histological Study 

of Sensory Nerves in the Small Intestines and 
Coecum. Arch. f. jap. Chir. 24, 1955. 20) 
Otsu, A.: A Histological Study of Sensory 
:-Jene Ending in the Alimentary Canal of the 
Human-beings and Dogs. Acta Sch. Med. Univ. 
Kyoto, Jap. 31, 1953. 21) Otsuji, S.: A 
Histological Study of the Afferent Innervation 

of the Testis of the Dog. Arch .. f. jap. Chir. 
24, 1955. 22) Ranson, S. W.: The Autonomic 
Nervous System. 1946. 23) Ranson, S. W., 
and Billingsley, P. R.: The Thoracic Trunks 
Sympathicus, Rami Cornn】uncantesand Splan-
chnic ;¥!erves in the Cat. 29, 405, 1918. 24) 



1338 日本外科宝菌第27巻第6号

Sekigawa, J.: Jiuzenkai Zasshi '(in Japanese). 

41, 1936. 25) Seto, H.: Progress of Medicine 
〔inJapanese). 5, 1949. 26) Seto, H.: The 
Tohoku Journal o.f Experimental Medicine. 54, 
1. 1951. 27) Seto, H.: A Histological Study 
of the Afferent Innervation of the Ovary of 
the Dog. Arch. f. jap. Chir. 24, 1955. 28) Shee-
han, D.: The Cell Station of the Vater-Pacinian 
Corpuscle in Retroperitoneal Tissue. An Affe-
rent Peripheral Pathw亭yin the Sympathetic. 
Brain. 55, 1932. ・z9) Shishi】do;S. : Abdominal 
Pain. J. Jap. Surg. Soc. 57, 6. 1956. 30) 
Stoehr, Jr. P. :Lehrbuch der Histologie und 
der mikr明 kopischeAnatomie des Menschen. 
1951. 31) Stoehr, Jr, P.: Mikroskopische 
Anatomie des vegetativen Nervensystem. 1951. 
32) Stoehr, Jr. P.: Zusammenfassende Ergeb-

和文抄録

nisse iiber die Endingsweise des vegetativen 
Nervensystems. Acta Neuro-Veε. 10, 1954. 33) 
Tanaka, N.: A Histological Study of the Du再l
Afferent Innervation of the Esophagus of the 
Dog. Arch. f. jap. Chir. 22, 5, 1953. 34〕Lee,
In, M. : A Hisf-01-Qgical Study of Sensory Ner司
ves in the Ascending Transverse, and Desce-
nding Colon. 25, 3. 1956.. 35) Watanabe, Y.: 
Studies on the Visccrogenic Reflex. Arch. f. 
Jap. Chir. 23, 1954. 36) Wang, wei, Fan.: A 
Histological Study of the Afferent Innervation 
of the Sigma and Rectum. Arch. f. Jap. Chir. 
24, 1955. 37) Weddell, G.: The Anatomy ~f 
Pain Sensibility. Acta Neuro-Veg. 3, 1953. 38) 
Yagita, M.: A Histological Study of Sensory 
Nerves in the Lung and the Visceral Pleura. 
Arch. f. jap. Chir. 23, 1954. 

脊髄後根に由来する胃の求心性神経に関する組織学的研究

京都大学医学部外科学教室第2講座（青柳安誠教授指導）

山内 暗

EHRLICH氏神経鑑鞠染色法を用いて犬の神経幹切断

実験を行い胃壁内末梢神経の2次変性を追求しF 叉

JABONEl!.0氏鍍銀染色法を人胃に用いて次の如き結果

を得た．

1) 胃の知覚神経は迷走神経及び脊髄後棋を通る．

2) 脊髄性胃知覚神経は犬に於ては引l.5よりL.3の

聞の脊髄後根を通り， Th.9より Th.11の聞を通るも

のが最も多い．

3) 胃知覚神経の変性像は脊髄後筏切断後5日で，

迷走体経切断後8日で最も定型的に観察される．

4) 胃に於ては迷走性知覚神経は脊髄性知覚神経よ

り梢優勢である．

5) 神経性Syncytiumの起始細胞が胃壁筋聞神経

叢に見出された．

6) 胃に於ては特殊な知覚終末休は見出さなかっ

？こ．
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．、． 
Fig. I A nervous syncytium' (JABONERO) in 
the submucous layer of the stomach. 
(Dog) J. x 1000 

調$

Fig. 3 Degenerated nerve fibers in the 
submucous layer of the stomach of a dog 
after posterior rhizotomy. (Th.5-Th.8) 
E.×400 

Fig. 5 Degenerated nerve fibers in the 
muscular layer of the stomach of a dog 
after posterior rhizotomy (Th.9-Th. I I) 
E.×400 

ー，
Fig. 2 A nerve cell in the AUERBACH’S ple-
xus of man which is described by JABON-
ERO as the origin of the nervous synciti-
um. J.×1000 

Fig. 4 Degenerated nerve fibers in the 
submucous layer of the stomach of a dog 
after posterior rhizotomy. (Th. 9』 Th.II)
E. x400 

f 

’ •'' 
．、
'・' 

Fig. 6 Degenerated nerve fibers in the 
submucous layer of the stomach of a dog 
after posterior rhizotomy. (Th.II -Th.13) 
E.×400 
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Fig. 7 Degenerated nerve fibers in the 

submucous layer of the stomach of a 
dog after posterior rhizotomy. (L.1.-L.3) 

E.×400 

Fig. 9 Degenerated nerve fib巴rsin the 
submucous layer of the stomach of a 
dog after vagotomy on the right side. 
E.×400 

J. ー・・・JABONERo'Smethod 
E.・・・・・－－－－EHRL!CH1Sill巴thod

Fig・. 8 Degenerated nerve fibers in the 

submucous layer of the stomach of a 

dog after vagotomy on the left side. 

E. x 900 

＂・

Fig. 10 Degen巴rat巴d nerve fibers in the 
submucous layer of the stomach of a 
dog after bilateral vagotomy. E. x 400 


