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I. INTRODUCTION 

1091 

Diabetic gangrene is observed in about 27 per cent of all diabetic patients 

according to How ARD. It usually attacks peripheral parts of the body in the form 

of wet gangrene. This gangrene is characterized by a predisposition to infection, 

unsatisfactory demarcation and unfavorable prognosis. 

Until recently, sclerotic occlusion of the peripheral arteries was believed to play 

a prominent role in the occurrence of diabetic gangrene. However, recent results of 

autopsies (HART, J, F.) and of animal experiments (DUFF, ALLEN, JoNEs, NAKAMURA, 

MuGITANI and others) failed to corroborate any relationship between arteriosclerosis 

and diabetes. 

On the other hand, many studies (KESTERMANN, VoGT, HIRAYAMA, hAYA and 

others) have shown a decreased resistance of diabetic patients and animals against 

infection. Also, MuGITANI has mentioned recently that infection is the principal 

cause of diabetic gangren in rabbits. 

Various types of gangrene are caused by functional disorders of peripheral blood 

vessels. RAYNAUD’s disease is known to be due to increased vasospasm. However, 

decreased vasocontraction in diabetes was described by MuGITANI in pharmacological 

experiments on r.abbits with Alloxan diabetes (1957). To further investigate this 

vasoconstrictor disturbance, histological studies on the vascular nerves in diabetic 

rabbits were performed by the present authors. The results were as follows. 

II. PRODUCTION OF DIABETES IN RABBITS 

The experiment was performed using Alloxan diabetic rabbits. The method of 

producing diabetes was as follows. Adult male rabbits were used. After 12 hours 

fasting, 5 per cent Alloxan monohyclrate (EASTMAN KoDAK Co. Ltd.) solution was 

injected intravenousl~’ in the dosage of 200 mg per kg. The blood sugar of rabbits 

increased to a high concentration (average 300 mg/dl) several hours after injection, 

but ther回ftersuddenh・ fell to hypoglycemic levels leading to generalized convulsions. 

The convulsing rabbit was immediately injected with 20 per cent glucose solution in 

order to protect it from hypoglycemic death. This generalized convulsion was 

repeated several times during an 8 to 10 hour interval. Twenty-four hours after 
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injection of the λlloxan solution, the blood sugar resumed a high concentration of 

from 300 to 550 mg/di.λml then this h:.,p2rglyccmia continued for a long time. 

Six rabbit凶＼＼七ich had :-¥lloxan diabetes for 2 to 6 monthes were used in this 

experiment. 

III. HISTOLOGICAL FINDI:¥GS OF VλSCじLARNERVES 

IN NORMAL ,¥;¥'D DIABETIC RABBITS 

Various tissue fragments (aorta, ventricle, large and small intestine, spleen, 

liver and ears of normal and diabetic rabbits) were fixed in 20 per cent neutral 

formalin sコlution. After fixation for several monthes, these tissues were sectioned 
from 35 to 40 microns thick and imprcg-nated by a modified BrnL8CHOWSKY’s method 

(silver carbonate method of JAEONERo). 

I) ~erve fibers of capillar:.・ veins 

In normal rabbits, capillary veins are frequently accompanied by nerve fibers 

or a nervous s:.'ncytium (Fig. 1). Ifow引で1・， thesefibers rarel;.・ twine around veins, 

and ::>'.Jmetim2s run to other tissues. 

入lso,in diabetic rabbits, as can be seen in Figs. 2 and 3, the vascular nerves 

of capillary veins are similar to those of normal rabbits. Degeneration is never 

rεcognized in the fibrous or c:.toplasmatic components of the nervous sync:.tium. 

2) Vascular nerves of small blood vessels 

In normal rabbits, nerve fib己rs following small blood vessels are thicker in 

diameter and more dens巴indistribution than those following capillaries (Fig. 4, 5, 

6, 7 and 8). Sometimes, a fc＼＼’ branches of 1121’vc fibers run into the walls of vessels. 

Thcr℃fore, it may be supposed that there arc nerve fibers which innervate muscles 

of small blood vessels. 

In diabetes, the nerves of small blood vessels are quite similar to those in normal 

rabbits. No abnormal conditions are found (Figs. 9, 10, 11 and 12). 

3) ¥' ascular nerves川 theaorta 

In the aclventitia of the aorta of normal rabbits, 11crve fibers are found ¥¥'hich 

run transversely (Fig. 13) or longitudinally (Fig. 14). Nじrvous 日yncytiaare 

abuncla11t, too (Fig. 15). In the meclia a few nじn・cfibers run perpendicular (Fig. 

16) or parallel (Fig. 17) to the smooth muscle fibers and elastic fibers. The 

distribution of nerve白her日 mentionedabove is almost the same as that reported b）’ 

KIMURA and CHENG (1956). 

In diabetes, nerve fibers and ~» 11c¥・tia in the wall of the aorta maintain a 

normal appearance (Figs. 18, 19 and 20). 

I¥'. Sl'.l¥li¥:I人RY人：：－＼D CONSIDERATIONS 

In this ,'.'x p ._Tirn~＇ 11t, the author studied the Y＜い〔・ular nerves of Alloxan diabetic 

rabbits. H21・：etofore, num℃J'()llメ hi~イtological studies on th ~、 inncrrntion of blood ¥'CS日els

have been 1i..rfけrrncdIr¥ 111a11:.・ autlw1・爪 name I:.' STOEHR jr., Bo EE E, .T ArONERO and 

others.λ．、 forthe vascular ncr¥'cs in normal rabbits, on the whole, results of their 

studic日a江1・仁己 with the findings of the author. 
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Ca pillar：－，’ veinヘarteriolesand vcnulcs a1℃ frequently accornpani2d by日ncncr¥'C 
fib:;rs or nervous 町・ncytia. But these nerves cannot be considered as proper 

equipment for blood vessels. It seemed that under these circumstances the nervous 

supply was common to blood vessels and neighbouring tissues. 

In the case of small blood ¥'Cssels which have a smooth muscle layer, a few 

branches of nerve fibers sometimes run into the vessel wall. Therefore, small blood 

vessels may be influenced both by their own innervation and b.¥・ a common nervous 

supply with other tissues. 

In the wall of the aorta, especially in the media, reticular nerves are recognized, 

as reported by KIMURA and CHENG. On the other hand, nervous S_¥'ncytia arc 

obs巴rvedin abundance in the adventitia, though extremely scant.¥・ in the media. So 

it may well be that the wall of the aorta is particularly irn1ervatecl h.¥' it只 own

nervous supply. 

The author wished to prove some degeneration of vascular 1KTvcs in rabbits 

a悶ictedwith severe diabetes for 2 to 6 monthes. （‘ontrar：－，ァ toexpectations, vascular 

nerve雪 indiabetes are completely similar to those in normal rabbits. No changes 

in nerve fibers, such as swelling, severing, atroph；「 or appearance of granules and 

vacuoles etc., were ever recognized. In addition, no degenerations of ScHw ANN’s cells 
or inbrstitial cells could be demonstrated. Thus, vascular nerves in dialx~tic rabbits 

are not degenerated, at least morphologically. 

V. CONCLUSION 

The author confirmed that the vasoconstrictor disturbance in diabetes is not 

based upon morphological changes of vascular nerves. 

I am much indebted to Assist.-Prof. Dr. CHuJr KrMURA for his kind guidance throughout this 
experimental study. 
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和文抄録

実験的糖尿病家兎に於ける血管神経末柏、の組織学的研究

京都大学医学部第2外科学教室 （指導：青柳安誠教授）

関西電力病院 （院長・山沢準三郎博士）

外科（副院長：五郎川正巳博士 医長：大津章博士）

飯 原 啓 吾

糖尿病性壊症に関する麦谷の実験的研究（1957年） 正常家兎のそれと比較検討した．その結果，糖尿病家

によれば糖尿病に際しては Raynaud氏病の場合とは 兎の血管支配神経は正常’ぷ兎のそれと較ぺp 支配形式

異なり，血管筆縮性が低下し壊痘発生に対してはp む 分布密度に差はなしまた神経線維自身にも膨化，断

しろ抑制的に作用することが認められた． 裂，萎縮p 頼粒変化，空胞出現等の異常所見を認めな

著者は2～6ヵ月間擢忠、し，血糖値が'iin:2.so～500 かぺた．また更に Schwann氏細胞， interstitielle 

rng/dlの高血糖を持続した重症の Allox an糖尿病家 Zell en等の細胞成分にも全く変化を見Iiiし得なかっ

兎を用いp その 1）毛細血管p 2）血管筋を有する小 た．

血管p 3）大動脈を各々支配する末梢神経を Biel- 即ち糖尿病に際しての血管轡縮性障害は血管神経末

schowsky－炭酸銀法（Jaboner口氏法） l：より染色しF 檎の形態学的変化を伴わないことを確認した．
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Fig・. 1 Nervous syncytium and capillary 

v巴insin the ear of a normal rabbit. 95 x IO 

9候
噂理「

Fig・. 3 Nervous syncytium and capillary 

veins in the wall of the colon of diab巴tic

rabbit. (6th month) 95×IO 
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Fig・ 5 Nerve fibers and small artery m 

the ear of a normal rabbit. 42 x IO 

Fig._ 2 Nぞれ・ous syncytium and capillary 
Ycins in the ear of diabetic rabbit. (6th 

month) 95 x IO 
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Fig'. 4 Small artery with fine nerve fibers 

in the submucous tissue of the colon of a 

normal rabbit. 95 x IO 

Fig-. 6 Small artery with nene fibers m 

the submucous tissue of the small intestine 

of a normal rabbit. 42 x IO 

／ 
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荷主舵・r'

Fig. 7 Small artery with nerve fibers in 

th巴medullaryzone of the spleen of a normal 

rabbit. 95×10 

Fig. 9 Small artery and fine nerve fibers 

in the submucous tissue of the small intest-

ine of diabetic rabbit. (6th month) 42×10 

~ --・ 
Fig・. 8 The nin with nerve fibers in the 

submucous tissue of the small intestine of 

a normal rabbit. 42×10 

Fig・. JO Small artery and nerve fibers in 

the l inr of diabetic rabbit. (6th month) 

95×10 
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Fig・. 11 Small artcI"y and ncl"、。 fibersin 
the m巴dullaryzone of the splc•en of diabe-
tic rabbit. (6th month) 95 x 10 

、

Fig・. 12 The 、，einand nerve fibers in the 
liver of diabetic rabbit. 1 '.:'.ml month) 

95×10 
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Fig. 13 Nerve fibers in the adventitia of the 
aorta of a normal rabbit. 95×10 

Fig. 15 Nervous syncytium in the a<lventitia 
of the aorta of a normal rabbit. 95×10 

Fig. 17 Ner、・efibers in the media of the 
aorta of a normal rabbit. 95 x 10 

4・・副島

Fig. 14 Nerve fibers in the adventitia of 
the aorta of a normal rabbit. 42×10 

Fig. 16 Nerve fibers in the media of the 
aorta of a normal rabbit. 95×10 

Fig. 18 :'-Jene fibers in the adventitia""of 
the aorta of diabetic rabbit. 
(6th month) 95×10 
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Fig. 19 .:¥er、DUSsyncyLium in the au、cLiLia
of the aorta of diabetic rabbit. 
(6th month) 95×10 

、

Fig. 20 .:--.:er、c.fil.Jcrs in the media oI the 
aorta of diabetic rabbit. (6th monthJ 

95×10 


