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I. INTRODUCTION 
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Sh. AsAI, A. KuBo and man~’ other investigators have alread）ア provedthe 

existence of splenic s211sitivitJ' in rabbits from the physiological standpoint, while 

KoLLIKER, RrnGELE, NoMURA and others have confirmed the existence of the visceral 
a百erentnerve fibers in the spleen. But few of them described the sensory nerve 
endings in full details histologically. Recently, H. SETO (Tohoku-University), Ch. 

KIMURA and others of our clinic have found sensory nerve endings in many various 

visceral organs, most of which end freely and can be distinguished from the end-

apparati of the autonomic nervous system. In this histological study, sensory nerve 

endings were sought in the spleen in human beings and dogs, and then an experi聞

mental observation was attempted for the determination of the course of these 

sensory nerves. 

II. MATERIALSλND METHODS 

The materials used in this stud）ァ werethe spleens of human beings and adult 
dogs. The author used only fresh specimens taken fr官 n the spleen which were 

resected operatively. After fixation for 3 4 weeks in 10 % neutral solution, the 
Sp巴cimenswere frozen, sliced in thickness of 30 40 f.L, fixed again in 10% neutral 

formol solution for more than 5 months, and then stained. 

The axis-cylinder was stained with SETO’s or SuzuK11s modi白cationof Brnr,scHow-
SKY’s silver impregnating method, and JABONERO’s silver carbonate method, while 
the myelin scheath was stained with EHRLICH’s acid hematoxyline method. 
For experimental observations, adult dogs were used. Operations were carried 

out under general anesthesia with the injektion of isomytalsodium, and thoracotomy 

was performed under positive pressure breathing. 

The spinalnerves or the vagus were sectioned at va1・iouspoints in m；－’ stud>' in 

order to determin2 the course of the afferents nerves. Operations n℃re carried out 
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on the dorsal and ventral roots of the spinal cord distal to spinal ganglia, and on 

the vagus nerve. Secondary degeneration of the nerve fibers in the spleen was 

observed mainly l斗.EHRLICH’s method as well as by BrnLscHOWLKY-SuzuKr's method. 
Degenerated nerve fivers were sought for in the peripheral layer where autonomic 

nerves have already changed their neurons. 

According to the results of many experiments performed by investigators of our 

clinic, psripheral nerves demonstrate the secondary degeneration 5 ～ 6 〔la~·s after the 

section of the roots of spinal cord. Considering these results, the spleen of dogs 

were extirpated 5～6 da.vs after rhizotomy. But after vagotomy, degenerated nerve 

fibers were sought in the spleen which was extirpated 7～10 da~＇円 after operations. 
Op巴rationswere performed as follows; 

1) Section of the dorsal roots on both sides Th. 3 Th. 4 

2) Section of the dorsal roots on both sides Th. 5 Th. 6 

3) Section of the dorsal roots on both sides Th. 7 -Th. 13 

4) Section of the dorsal roots on both sides Th. 13 L. 3 

5) Section of the dorsal roots on both sides L. 2 L. 5 

6) Section of the dorsal roots on both sides S. 1-S. 3 

7) Section of the ventral roots on both sides Th. 10 L. 1 

8) Section of the dorsal roots on right side Th. 10-L. 1 

I'¥ext, vagatomies were performed as follows; 

9) Bilateral vagotomy in the thorax. 

10) c、crvicalvagotomy on the left side at a point distal to the ganglion 
nodosum. 

11）仇rvicalvagotomy on the right side at a point distal to the ganglion 

nodosum. 

III. MICROSC‘OPIC OBSERVATIONS OF THE SPLEEN 

]\fan~· investigators have maintained, from the physiological point of view, that 

the sensitivitγof the spleen is mediated through the sympathetic nerves, while 

others from the histological standpoint, have confirmed that visceral a百erentnerve 

fibers are certain！γcontained in these nerves. But few of them described the peri-

pheral figures of the sensory nerve in the spleen of human beings and dogs. 

The：；ァ describedthat the myelinated nerve fibers which enter the splenic paren-

chym from the hilum lose most of the myelinscheath. According to the results of 

my CX]lcriments of human beings and dogs, mγelinated nerve fibers are observed 

abundant！γin the hilum and a few of them, together with the non-myelinated 

nerve bundles accompanied by the blood vessels, enter the splenic parenchym肌d

are traced to the splenic pulp and to the branches of the blood vessels. 

Obs2rving the silver stained preparations, axis-cylinders show a similar distribu・

tion as m：γelinaterl nerve fibers. Axis-c:;'linclers enter the splenic parenchym from 
the hilum and svread over the pc>ripheral la：；℃r. In all portions the autonomic nerve 

fih:::r.s can l>c observed. The:;・ are fine and never terminate in free endings, but their 

neurofibrils form a fine net＼＼’ork (Figs. 1 and 2). 
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Besides the autonomic nerve fibers mentioned above, thick nerve fibers are found 

in the spleen. These thick nerve白bersshow characteristic varicosities and are easily 

distinguished from the fine networks of the autonomic nerve fibers. They run 

accompanied with the autonomic nerve fibers or separately from them and show a 

wavy appearance in the peripheral la~℃r. A few of them run in the splenic pulp 

and seem to terminate freely’ along the wall of the smallest branches of splenic 

artery' (Figs. 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12). 

The course of these fibers are similar to those of the mγelinated nerve fibers. 

(Fig. 13). Therefore, it can be deduced that these thick nerve 白l::ersare identical 

with the sensory nerves described by H. SETO. 
In the specimens taken from a patient su古eringfrom BANTI’s disease, a consid-

erable number of my℃linated nerve fibers in the hilum of the spleen are sometimes 
broken or show ampule-schap2d swellings in places (Figs 14 and 15). 
Nerve cell could not be observed in the hilum and parenchym of the spleen of 
human beings and dogs. 

IV. DEGENERATION EXPERIMENT OF THE SENSORY 
NERVES IN THE SPLEEN 

Considering the results of various experiments performed by many investigators 

from the anatomical or phy'siological standpoint, it can be assumed that the a百erent

nerves of the spleen must be derived from any of the thoracolumbar, vagal and 
sacral nerves. 

Therefore, operations were performed as follows, in adult dogs. 

Laminectomy was performed under general anesthesia with sodium isomytal. 

The spinal canal was opened, and the dorsal and ventral roots were separated 
carefully from each other and only the ventral or the dorsal roots were cut at a 
point distal to their ganglia on both sides or on one side. The spleen were resected 

5～6 days after rhizotomy. Vagus nerves were cut on one side in the neck distal 
to the ganglion nodosum or on both sides in the thorax under positive pressure 

breathing. Specimens were taken out more than 6～10 days after vagotomy, and 

stained with EHRLICH’s hematoxyline method. After experimental posterior rhizotomy 
m~・elinated nerve白bersin the spleen were broken at places giving a beadlike ap-

pearance, or stained unhomogenously, and sometimes degeneration granules were 

observed in them. All the degenerated nerves, demonstrated in this study, were 

easily distinguishable from normal myelinated nerve fibers. 

1) Section of the dorsal roots on both sides Th. 3-Th. 4 

No degenerated nerve白bersare found in the spleen. 

2) Section of the dorsal roots on both sides Th. 5-Th. 6 

A few degenerated my℃linated nerve fibers are found in nerve bundles around 

the blood vessels in the spleen (Figs 16, 17 and 18). 

3) Section of the dorsal mots on both side日（Th.7 -Th. 13). 

In all cases, many degenerated nerve fibers are found in nerve bundles in the 

splenic hilum and around the blood vessels in the splenic parcnchym. The myelin 
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sheaths of these degenerated nerves are stained unequally, broken in places and look 

like granules (Figs. 19, 20, 21, 22, 23 ancl 24). 

4) Section of the dorsal roots on both sides Th. 12-L. 3 

There are a few degenerated myelinated nerve fibers (Fig. 25 and 26). 

5) Section of the dorsal roots on both sides L. 2 L. 5 

6) Section of the dorsal roots on both sides S. 1-S. 3 

In all cases, no degenerated nerve fibers are discovered in any portion of the 

spleen. 

7) Section of the ventral roots on both sides Th. 10 L. 1 

No degenerated nerve fibers are found in the spleen. 

8) Right Vagotomy (in the neck distal to the ganglion nodosum) 

9) Left vagotomy (in the neck distal to the ganglion nodosum) 

10) Bilateral rngotom~· (in the thorax) 

No degenerated nerve白bersare observed in each case. 

V. DISCUSSION 

It is clinically accepted that splenalgia arises frequently as a symptom of the 

diseases of the spleen. Manγinvestigators have rep〔）］・tcclhistological and physiological 

findings which suggest, the existence of sensitivity in the spleen. But from the 

anatomical point of view, the sensm下 nei・ve endings in the spleen has not yet 

clearl:-・ proved. 

According to LANGLEY, SHEEHAN, BoEKE, STOEHR Jr., JAEONERO, SETO and others 

the autonomic nerve fib2rs usually form a fine network in the peripher下γwithout

terminating freel>' and never degenerate, even if the preganglionic nerve fibers of 

them are sectioned. 

The visceral afferent nerve fibers pass through the sympathetic trunk with cell-

stations in the dorsal root ganglia and reach the e百ectororgan without changing 

their neurons on the way. Therefore, when the spinal nerves are cut at a point 

distal to the dorsal root ganglia, these visceral afferent nerves should be degenerated 

throughout their course. The：－’ are free-ending thick nerves, and their peripheral 

structures are morphologicall~アー similar to those of the somatic sensor>・ nerves. They 

are distinguishable from the autonomic nerves according to SETO. 
In agreement with these opinions, man＞ア other investigators of our laboratory 

have described man>' studies in regard to the sensory nerves in various visceral 
organs. 

The author also sought for the sensory nerves in the spleen of human beings 
and 【logs.

In various JYlrtions of the spleen, the peripheral structure of the autonomic 

nerves are observed. ,¥s STOEHR Jr., JABONERO and others have dcscrilJccl, the auto-

nomic ne1・vcfil>crs usually form a fine network in the pcriphc1・〉’ ofthe spleen. 

Besides them, there ai℃ also thick nerve 印JC！＇メ， whichterminate freely in the 

perir〕her）’ andcan be easil>・ differentiated from the autonomic nerves by their thick-

ness. And they are considered m:1モlinated until near the ending. Their course are 
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identical with those of the myelinated nerve fibers, which show clear degenerations 
when they are sectioned at the posterior roots . .Judging from these facts, these thick 

nerves must be sensory in nature. 

RIEGELE, KりLLIKER,EDGEWORTH and others described such nerves like them in 

the splenic pulp of the di町erentanimals, but none in the splenic pulp of human 

beings and dogs. 

These myelinated sensory nerve fibers enter the splenic cords from the hilum 

acomapanied with the non-myelinated nerve bundles together with the blood vessels, 

and a few of them are found in the splenic pulp, and seem to terminate freely to 

the smallest blood vessels. They show the characteristic varicosities and are easily 
distinguished from the autonomic nerve fibers. (Fig. 27 and 28). 

Most of these myelinated sensory nerves lose the myelin sheath near the end-

ings. A few of them are large-sized nerves in the splenic pulp and the course of 

them are identical with those of the sensory nerve fibers. RrnGELE, NoMURA, SAKURAI 

and others described myelinated nerve fibers in the spleen, but none in the splenic 
pulp. 

In the cortex few myelinated fibers and few thick nerve fibers were found. 

In the spleen of human beings and dogs, these sensory nerve endings terminate 
freely or distribute to the smallest vessels. The author could not白nda complicated 

structure or specific end-apparati, such as the VATER-PAcINIAN corpuscle described 

by KuNTZ. These sensory nerve endings show simple-shaped or arborized terminations. 

In the spleen of BANTI’s disease, myelinated nerve fibers in the hilum are more 
abundant than in the normal spleen, and some of them are broken or swollen in 
places. 

No ganglion was found in any part of the spleen of human beings and dogs. 

KuNTZ, ISHIKAWA, AsAI and others have proved, from the physiological standpoint, 
that visceral afferent nerve fibers in the spleen are mainly derived from the dorsal 

roots of the spinal segments between Th. 9 Th. 12. According to the histological 

experiments by SAKURAI, SmsHrno and others, the afferent nerve fibers in the spleen 
arise from the dorsal roots of the spinal cord between Th. 7-L. 2. 

The results of histological experiments performed by the author as follows: 

Sensory nerves of the spleen are derived from the dorsal roots of the spinal 

segments between Th. 5-L.l; most of them from Th. 7-Th. 10. 

In the cases of section of the dorsal roots on both sides from Th. 7-Th. 10, 

degenerated nerve fibers are observed abundantly. In the case of section of the 

dorsal roots on the right side degenerated nerve fibers are not observable. 

No degenerated nerve fibers are observed in all cases of vagotomies. Vagal a百か

rent nerves must be few or do not exist in spleen. According加 vonEULER the 
spleen is innervated onb' by the adrenergic nerves and none of the cholinergic ones. 

The author's finding on the afferent innervation of the spleen proves that they run 
together with the adrenergic nerves and cause 町・mpatheticreflex or visceral pain. 

VI. SUMMARY人NDCONCLUSION 

Using BrnLscHowsKY-SETO’s and BIELSCHOWSKY-SUZUKI’s sil vcr methods, J ABONERO’s 
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silver carbonate method and EHRLICH’s acid hematoxylin method, the author studied 
the afferent nerves and their endings in the spleen of human beings and dogs. 

Examining the secondary degeneration of nerves in the spleen, the course of the 

a町erentinnervation of the spleen was determined. 

Summarizing the results of the experiment, the following conclusion are obtained. 

1) l¥Iyelinated sensory nerve fibers and their endings are observed in the spleen 

of human beings and dogs. 

2) Sensory nerve endings are simple tapering of bifurcated terminations. 

3) Some sensory nerves have m:¥elin sheaths even near the termination. 

4) No sensory nerve endings with a complicated structure or specific end-

apparati are observed in the spleen. 

5) Most of the sensory nerves of the spleen are derived from the dorsal roots 

between Th. 5 L. 1 spinal segment. 

6) I¥o degenerated nerve fibers are observed in any vagotomy case. 

7) No nerve celles are found in the spleen. 

I am greatly indebted to assistant Prof. Dr. CHUJ! KL¥!URA of our clinic for his constant 

help during the course of this study. 
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Fig・. 1 A myelinated nerve fiber entering the 
splenic pulp from the cord (H）×400 E 

Fig. 3 Autonomic nerves in the splenic cord 
(D）×600 B 

Fig・. 5 Sensory nerve fibers n巴arthe blcod 
vessels (D) x 400 B 

Fig・. 2 A myelinated nerve in the splenic pulp 
(H) x600 E 

Fig. 4 Sensory nerve fibers entering the pulp 
from the cortex (D) x 400 B 

Fig・. 6 A large myelinated nerve fiber in the 
splenic cord and autonomic nerves 
(D) ×600 B 

K. FUJII 
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Fig. 7 A sensory ner :e fiber terminating in Fig. 8 A thick sensory nerve fiber in the pulp 

the pulp 1D1 ×600 B 1D1 ×600 B 

Fig・. 9 A S巴nsory nerve fiber running in the Fig・. IO A sensory nerve五berrunning in the 

pulp from the cord to the another splenic pulp I HJ ×400 B 
cord 1D1 ×400 B 

Fig. 11 S0nsory nerve fibers arborized from the Fig. 12 S2nsory nerve白bersin the pulp 

nerve bundle in the splenic pulp 1H1 ×400 B 
ID j ×400 B 

K. FUJII 
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Fig. 13 A myelinated nerve fiber terminating 
to the wall of artery of the pulp 
<D）×400 B 

Fig. 15 Degenerated nerve fibers in the bundle 
of the splenic cord suffering from 
BANTI’s disease CH）×400 E 

Fig・. 17 Degenerated fibers in the splenic cord 

with pest. rhizotomy on beth sides 
(Ti":s-Th6) (D) /400 E 

Fig. 14 Degenerated nerw fibers in the hilum 
of the spleen suffering from BA:<Tr's 
disease (H）×400 E 

Fig. 16 Many degenerated fibers m a nerve 
bundle along the blood vessel with post. ' 
rhizotomy on both sides (Th5 Th6) 
(D）×400 E 

.~｝ 

Fig・. IS A degenerated nerve fiber in the cortex 
of the spleen ＼＼’ith post. rhizotomy on 

beth sides <Ths-Th6) <D) x 400 E 

K. FUJII 



3082 日本外科宝函第28巻第8号

Fig. 19 A degenerated nerve fiber in the hilum 

of the spleen with post. rhizotomy on 

both sides (Th7-Th13) (D) ×400 E 

Fig. 21 Degenerated ner、e fibers in a bundle 
along the splenic blood vessels with post 

rhizotomy on both sides r Th;-Th13) 

(D) ×400 E 

Fig. 23 Degeneration of axis cylinder in the 

splenic cord along the blood、E日sci,ac-
companied by autonomic nerve, with 

post. rhizotomy on both sides (Th7-Th13) 
Wi /400 B 

Fig. 20 A degenerated nerve日herin a bundle 

of splenic hilum with post. rhizotomy on 

both sides (Th7-Th13) (D）×400 E 

Fig. 22 A degenerated nerve五berunder the 

splenic cortex with post. rhizotomy on 

both sides (Th7-Th13) (D l ×400 E 

Fig. 24 A degenerated nerve日berin a bundle 

of hilum with post. rhizotomy on the 

left side (Th1o-L. 1 l (D 1×400 E 

K. Fl'JII 
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Fig. 25 Degenerated nerve fibers in a nerve 

bundle along the blood vessels with post. 

rhizotomy on both sides (Th13-L. 3) 

(D) X400 E. 

Fig. 27 A sensory nerve in the splenic pulp 

accompanied by autonomic nerves. 

CH）×600 B 

Fig・. 26 Degenerated nerve fibers in a bundle 

along the blood vessel of the spleen 

with post. rhizotomy on both sides 

(Th13 L. 3J. <D）×400 E 

Fig. 28 A sensory nerve in the splenic cord 

accompanied by autonomic nerves. 

mi×400 B 
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牌臓の知覚神経に関する組織学的研究

京都大学医学；＇；j；外科学教室第2講座 （指導．青柳安誠教授〉

1表

Bielschowsky氏神経鍍銀法の瀬戸氏交法，鈴木氏

変法p Jabonero氏神経鍍銀法及びEhrlit::h氏神経髄鞘

必色法を用いp 人及び犬の新鮮なる牌臓標本で知覚神

経の形態及び分布を検索し，更に迷走神経，脊髄後

根，脊髄前根を両側或は偏側に於て実験的に切断した

大でp 牌臓に於ける末梢神経の二次的変性を追及し，

求心性神経経路を決定した．

そして実験結果から次の結論を得た．

I) 人及び犬の牌臓には有髄知覚神経とその終末が

認められた．

2) 知覚神経の終末形式a，非分岐性並びに単純性

井 浄

樹枝状である．

3) 知覚神経は終末の近く迄髄鞠を保有している．

4) 複雑な構造p 特殊終末をもった知覚終末は牌臓

では観察されなかった．

5) 犬の牌臓に於ける知覚神経の大部分は脊髄後棋

のTh.5-L1を通る．

6) 迷走神経を如何なる都分で切断しても変性は認

められなかった．

7) 人及び犬の牌臓に於いては神経細胞は認められ

なかった．


