
λfιh. Jap. Clm. 381九）， :J7己～1り：l,Mai 1969 

Serial Measurement of the Cortical Blood Flow in the 

Canine Renal Allograf ts During the Rejection Crisis 

hy 

HIIミOTO 0HNISHI 

From the Second Surgical Division Iふりt"LTniver刈t¥・ Medic礼lSchool 

!Direじtllr: Prof. Dr. CHUJI K1~1L1R,\) 

Received for Publication Mar. Ii, 1969 

INTRODUCTION 

Up to the present, numerous renal homotransplantations have been practiced on human 

beings and animals with various methods. But, nowadays, a difficult problem still remains 

for us to be solved. It is not a matter of the refinement of operating technique but the 

subjugation of the immunologic reaction of the recipient against the transplanted kidney. 

Since the ideal immunosuppressive method without any toxicity has not been established, 

adequate control of the r回 ction for the renal allograft can, so far, be achieved with 

the precise manifestation of this immunologic reaction and the correct clinical judgement 

in the use of immunosuppressive drugs. And it is most important to detect the rejection 

crisis as early as possible 、however,it has been suggested that the usual parameters of 

renal function were inadequate for this m回 sureespecially in modified recipients. A useful 

method to monitor the eff町 tof the immunosuppressive druεtherapy also has not been 

demonstrated. 

The evidem、esobtained from several investigations indicate that ischemia may act an 

important role in rejection ; and some of the evidences obtained with arteriogram9>10> and 

m回 surementof intra-renal distribution of blood flow'8l suggest that ischemia is more 

prominent in the cortical tissue than in other parts of the kidney allograft. It was also 

reported that the histological changes in allografted dog kidney started in the cortex and 

were always more advanced there10>5>_ In spite of these considerable evidences suggesting 

the cortical ischemia in renal allograft, any report of direct measurement on the hemody・ 

namic changes occuring in the cortical tissue has not appeared. 

The measurement of blood flow by means of the thermo-electric principle was devised 

by REIN35>. This method has been evolved and utilized by many workers'0川 16)42)14)15)

In the experiment herein described, it was decided to adopt the double thermocouple 

introduced by KIESE, in lりら7＇元〉， and continuous blood flow measurement was made with 

the double thermocouple method reported by T AKAHASHI46l, and TSUNEKA WA et al.19l 

With the double thermocouple embedded in the canine renal cortical tissue, the chang “ in the cortical blood flow induced by the transplantation and the rejection was directly 

and日eri

flow wa只 studiedin the renal allografts under広oin符 rejection; and the response of cortical 

circulation to nor-epinephrine w;1~ 、tudied on the transplanted, i.e. completely denervated 
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kidneys. 

MATERIALS AND METHODS 

Materials 

These experiments were performed using mongrel dogs of unknown genetic history 

ranginεin weight from 7 to 13 kg. 

Renal transplantation 

Kidney grafts were transplanted into the thigh of the dog for the similar reason of 

HuME20J, namely, that was less traumatic and it gave less unwanted influence on the 

recipient to place the kidney graft in the thigh rather than in the iliac fossa. The renal 

vessels were anastomosed end to end with the femoral vessels by running sutures with 

7 -0 nylon. Usually the left kidney was transplanted to the right thigh and vice versa. 

The anoxia time for transplanted kidneys was generally from 20 to 30 minutes. The 

ureter was brought out through the small incision in the skin for the convenience of 

observation on the functional state of the graft. The kidney was buried in a pocket 

created hetween the subcutaneous tissue and the muscles in the medial aspect of the thigh. 

Measurement of cortical blood flow 

The double thermocouple is formed of two copper-constantan thermocouples which 

join together at one point. The copper and the constantan wir田 are0.1 mm in diameter. 

Electric insulation is ohtained by covering the wires with enamel and vinyl paint. One 

thermocouple included in the heating circuit is effected by direct electric current and heats 

the hot junction of the other thermocouple included in the measuring circuit. Direct 

electric current is supplied by a 6 volt storage battery in series with a suitahle ammeter 

and rheostats (Fig. 1). 

Micro Volt me’er 
(PM 18) 
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Fig. 1 Wiring diagram of double thermocouple method. Insert shows large 
scale drawing of double thermocouple. Solid line, copper口ire; broken line, 
constantan wire ; A. milliammeter ; B, hatt肝 y; DT, double thermocouple ; 
VR, variable resistance ; SW, switch. 

By the difference of temperature between the hot junction and the cold junction of 

the measuring thermocouple, thermoelectric current is generated in the measuring circuit 

and is measured with a microvoltmeter of chopper type (Model PM 18, Toa Denpa Kogyo 

Co. Ltd.). It has been shown that the町田reof the ampera伊 ofheating circuit is a 



37-l 日・外・宝なr;:ix~会第 3 号 riJtH11W1＇九月「

linear function of blood flow, if the voltage generated in the measuring circuit is kept 

constant15>. In the pr白entexperiments, the voltage was accurately maintained at 100 mV 

by current adjustment with the rheostats in the heating circuit. The cooling power of a 

stream depends upon its Yelocity, therefore, when the blood flow increment (or decrement) 

occurs, the heating current must be increased (or decreased) in order to maintain the 

temperature constant at the hot junction in the measuring thermocouple. So, the blood 

flow四nbe measured by the ammeter in the h回 tingcircuit. 

The continuous blood flow measurement was made by the method reported by TAKλ－ 

HASHI46l, and TsuNEKAW.¥ and his coworkers49> using double thermocouple and recorded 

on a polygraph (Unicorder, Model UR 225, Nippon Denshi Kogaku Co. Ltd.). 

After the transplantation of a kidney, a double thermocouple was introduced into the 

cortex of the kidney graft by a straight needle. The hot junction and the cold junction 

of the measuring thermocouple were embedded in parenchyma of renal cortex at the depth 

of approximately 5 mm from the surface of the kidney. Four leading wires from the 

double thermocouple were led to the exterior through the subcutaneous tissue and a stab 

wound in the flank, outside of the thigh, or the back of the dog, and sheltered from 

biting and scratching by the dog with an aluminum cylinder of 10 mm in depth, 50mm 

in diameter with a四 p(Fig.三）．

Fig. 2 V1e¥¥ of a ckg's flank, showing aluminum cap covering lead wires. 
（たne、3,No. 5J 

The initial measurement of renal cortical blood flow was made at 30 minutes after 

the performance of anastomosis of the vessels and the square of the heating current at 

this time was stipulated as 100 % of the blood flow in this kidney. At the same time, 

the zero blood flow was established by mechanical occlusion of the renal artery, and the 

square of the heating current on this occasion was kept to be O % of the blood flow of 
the kidney. Then the measurement of the cortical blood flow was made dailv following 

the initial measurement and put on record in percenta只eelform. 
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Blood pressure measurement 

The continuous measurement of mean blood pressure in the contralateral femoral artery 

opposite the artery used for transplantation was made using a electronic manometer (Model 

MP 4T, Nihon Koden Co. Ltd.) and was recorded on a multipurpose polygraph (Model 

RM 150, Nihon Koden Co. Ltd.). 

Renal angiography 

Urographine 20ml was usually utilized as the radiographic contrast agent. For the 

delivery of the contrast agent, a polyethylene catheter, approximately of 2mm outside and 

1.5 mm inside diameter, was introduced into the lower part of the aorta via the femoral 
artery. 

Measurement of kidney size 

The size of the kidney graft was monitored with two silver CUSHING clips which 

were applied to each pole of the kidney graft to act as X -ray markers at the time of 

the kidney transplantation. 

Histological method 

All kidneys were fixed in 10 % formalin. The stain used was hematoxylin and 
eosm. 

Immunosuppressive method 

lmmunosuppressive drug therapy with azathioprine and prednisolone was used. Aza-

thioprine, 25 50 mg/day, was given orally for 1 to 4 days prior to the homotransplanta-

tion and continued as long as the experiment required. When the significant fall in the 

cortical blood flow occurred, 40 mg of prednisolone was injected intramuscularly or intra-

venously. 

EXPERIMENT AL GROUPS 

First series : Normal kidney 

For the purpose of approving the stability of this measuring system, and exammmg 

the influence of the double thermocouple upon the kidney, the measurement of the cortical 

blood flow was serially made on normal kidneys. 

Second series : Autograft 

(a) In order to examine the influence of the operation upon the cortical blood flow, the 

serial measurement of blood flow was made on autografts. 

(b) To study the influence of the denervation caused by transplantation on cortical blood 

flow, the continuous measurement of blood flow was made on the autografts using nor-

epinephrine. The continuous measurement of blood pressure in the femoral artery was 

made simultaneously. 

Third series : Unmodified allograft 

(a) In order to define the changes in cortical blood flow induced by the rejection, the 
blood flow was measured serially on unmodified renal allograft. To compare with the 

changes in cortical blood flow in the allograft, the radiographic measurement of the size 

of the kidney graft was made daily, and the nephro・arteriogramwas taken on the 2nd, 

4th, and 6 th postoperative day. 

(b) In an attempt at studying the effect of prednisolone, nor-epinephrine and acetylcholine 
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on cortical blood flりw,the continuous measureme:-it of blood flow was made on unmodi-

fied allografts. The continuous measurement of blo吋 pressurewas made simultaneously. 

Fourth series : Modified allograft 

Monitoring the effect of immunosuppressive 

measured対 riallvon modified allografts. 

was flow blood cortical the drugs, 
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First series 

The behavior of cortical blood flow in 6 normal kidneys was observed. In 3明白，

the leading wires were broken down by the action of the dog by the 5 th experimental 

day. In 3 successful experiments, the renal cortical blo:x:l flo・N showed no distinguishable 

change in their determination during 1 to 2 weeks (Fig. 3). At the end of these exami・ 

nations, the kidneys were removed and microscopically examined. No remarkable damage 

with the double thermocouple against the corticョltissue was observed in the area where 

it had been inserted (Fig.」）．

Second series 

(a) The cortical blood flow was measured daily on 3 autografts. 

blood flow was maintained at virtually 

equal ｜守、ピIin the autograf ts similarly to 

that in the normal kidney. In an excep-

tional叩sein which a considerable amount 

of bleeding had discharged in the course of 

the operation, there was a progressive in-

crease in the cortical blood flow until the 

2nd postoperative day. Thereafter, no sig-

nif icant change was noted in the cortical 

blood flow. 

(b) The influence of denervation on corti-

cal blood flow m凶 examinedon 5 auto-

RESULTS 

In 2 cases, the cortical 

忌日、

~'C.~~f'. ;¥!."f"V¥.J.>...J"'l'‘一一
Fig. 4 同どti• •n from a normal kidney removed on 
the 1」thd川 ofserial measurement where doubre 
thermocouple 、、aドembeddedin. Little amount of 
hemorrhage can he ~een. Hem山＇＂Jin－刊日11.x40. 
！ ~rtれ 1 , '.'<・I. 3) 
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Fig, 6 The effect of nor-epinephrine and Regitme 

on cortical blood flow in the normal and auto-

grafted kidneys on the 3rd postoperati、e day. 
Simultaneous blood pressure measurement j,_ also 

illustrated. NE, 0.1皿1gof nor-epinephrine ; R. 1 mg 

of Regitine ; BP, blood pressure. r Suiが 2,？くけ -11 

Fig. 5 The effect of nor-epinephrine on cortical 

blooゴflo"in the normal and autografted kidne¥' 
on the 3rd postoperative day. Simultaneous blood 

pressure measurement is illustrated, t<n l¥E. 0.lmg 

of nor-epinephrine ; BP, blood pr酢＞Ure.I Serie、2,
No. ~J 

grafted kidneys using nor-epinephrine. As the control, the response of cortical blood flow 

in the normal kidney of the same dog was examined simultaneously. A dosage of 0.1 

mg of nor-epinephrine was given intravenously to the dog bearing the hemilaterally auto-

grafted kidney on the 3rd day after the transplantation. There was an initial sharp and 

rapid fall followed by a sharp rise in the blood flow in both normal and autografted 

kid口匂イ cortices(Fig. 5). The reduction of cortical blood flow was from ~O to 35 % 
below tb.e initial level ; and it seerr.ed that the degree of the reduction in blood flow 

varied with the measure of blood pressure of the dog. The reduction in the cortical 

blood flow became more significant accordingly as the blood pressure of the dog rose. 

The reduction in cortical blood flow induced by nor-epinephrine lasted approximately ~.5 

minutes in the autografted kidney, while 1.5 minutes in the control kidney. This action 

of nor-epinephrine was immediately and entirely blocked by the subsequent intravenous 

administration of 1 mg of Regitine (Fig. 6). On the 10th postoperative day, the reduc-

tion of cortical blood flow caused by nor噌epinephrinelasted about 3 minutes : and the 

response curve was transformed into two peaks in shape (Fig. 7). On the :m th post-
operative day, no further changes were noted in the cortical blood flow response to nor-

epinephrine. 

Third series 
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(a) The hemilateral homotransplantations 

were performed on 11 dogs of which own 

kidneys were left intact. 

The serial measurement of cortical 

blood flow was made on 8 unmodified 

allografts. In an exceptional 回se, the 

corti回lblood flow fell suddenly to 0 % , 

and allograft became anuric on the next 

operative day. The graft was removed 

;ind the renal artery was found to be 

clotted on the 3rd day after the transplan-

tation. The remaining 凶ses were con-

sidered to be satisfactory. 

In 4叩ses,the obvious decline in the 

cortical blood flow occurred on the 3 rd 

or ~th postoperative day, and in one case, 

on the 5th postoperative day. During己

to 3 days thereafter, the corti回lblood flow 

decreased progressively and drew toward 

0 % (Fig. 8). One clay after the sudden 
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Fig. 7 The effect of nor-epinephrine on cortical 
blood flow in the田meautografted kidney in Figs. 
5 and Ii on the 10th day after the transplantation. 
S1111ultar】eousblood pressure measurement is al田
illustrated. NE. 0.1略 ofnor-epinephrine ; BP, 
blood pre,,.,ure. 1 S肝ie<'.!, No. ~ ） 

decrement of blood flow, swelling of the graft was manifested with the radiolog伺lmethod 

(Fig. 9）・ Oneor two days still later, the kidney became anuric, the attenuation of renal 

、引珂lぇwasapparently observed on the angiography (Figs. 10 and 11), and the late phase 

of the rejection including disintegration of glomerular and tubul吊rarchitecture was noted 
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Fig. 8 内・ri.dchange in the renal cortical blood fl，川 inunmodified .illogr;il t 
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Fig. 9 The relationship between the change in renal cortical blood flow and the 

development of swelling of kidney allograft. Solid line, renal cortical blood 

flow ; broken line, length of kidney. 1 Sぞriれ 3,Ne・. 5) 

7 6 5 4 3 2 。

Fig. 11 Photograph of d nephro・arteriogramof the 

臼mekidney depicted in Figs. ii and 10, which 

stop戸d secreting urine on the 6th postoperative 

day.同eriが 3,No. 11 

Fig. 10 Photograph of a nephro・arteriogramof the 

same kidney depicted in Fig. 8, functioning well 

on the 3rd of postoperative day. A white large 

round shadow is an aluminum cover of lead 、vires. 
1 Serie5 3, No. I J 
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Fig. 12 Section of the transplant from the experi-
口1entdepicted in Figs. S. 10, and 11，日hich¥¥& 
removed on the 6th day after the transplantation, 
shows heavily infiltrated interstitial ti州 Uビ日ith 
mononuclear cells, and wide spread degeneration of 
tubules, H刊 1ι山山、lin-eosin，×！O.r :-ierie、3,!¥'(). 1) 

by the histological examination (Fig. 1'.2). 

。 2 3 4 

Dロysロfter tra n splロntat1on

Fig. 13 Serial change in the cortical blood f!o¥¥" in 
unm口difiedallograft on the days following transplan-
tation until the removal on the 4th postoperative 
day. r Seriか 3,：心、 6)

In 2αses, the renal cortical blood flow declined to the len"'I belowろ（） % on the 
4th postoperative day (Fig. 13) ; and the transplants were removed and histologically 

examined. In these ca-;e~ ， it was found that the mononuclear cell infiltration had e¥"idently 

occurred but the glomerular and tubular architecture wa~ still preserved essentially normal 

in the renal cortex, while the angiography showed a respectable amount of blood flow to 

be kept in the kidney allografts (Figs. 14 and 15). 

(b) The continuous measurement of cortical blood flow and blood pressure in the femoral 

artery was designed on '.2 unmodified allografts to elucidate the effect of prednisolone on 

the cortical blood flow just after the injection of it. On the day of the transplantation, 

the continuous measurement of cortical blood flow in the renal allograf t showed no re-

marl王ablechange for 3 hours following the intravenous injection of prednisolone 40 mg 

(Fig. 16). On the 3rd postoperative chiy when the cortical blood flow decreased to 

approximately 70 %, a verv slow increase in blood flow was observed starting about 15 
minutes after the injection of prednisolone. The gradual increase in the cortical blood 

flow continued during 3 hour period of observation, while the blood pressure in the 

5 
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． ー鍾醤t乙温霞事輔自~1:1温道局審冨鴎櫨醤必樋訓贋F必
Fig, 14 Section of the kid口町 in the sgme animal 

'" in Fig. 13, which ""' rぞ日1:ivecl on the 4th 
p::istcperative day, she川、ぃb、iousmononuclear cell 

infiltration in the interstitial、piぽs. Hematoxylin-
eosin，×40. I Seri小 3,No. 6) 

Fig. 15 Pnコtographof a nephro-arteriogram of the 
same ki::lney depictd in Figs. 13 an:i 14, on the 

」thp〕stopぞrativeday. (Seri酢 3,No. 6) 

｛

d
柄
）
主
o

－h刀
0
0
3

－ou
Z』
o
u
－o
c＠
鑑

Fig. 16 The effect of prednisolone on the cortical blood fl，川 inunmoclifie-:1 allograft on the day ，寸 trans-

plantation. No remarkable change can he seen in the rem! cortical bk泊dflo¥¥'. 1片付ie,3, '.¥io. 9) 

femoral artery showed no remarkable alteration during the measurement (Fig・17).

The response of cortical blood flow to nor-epinephrine and acetylcholine was exilmined 
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Fig. 19 The respon日 ofcortical blood flow in allo-
grafted kidney to acetylcholine on the 4th post-
operative day. Simultaneous blood pr・田suremeasure-
ment is illustrated. too. A, 0.0lmg of acetylcholine 
; BP, blood pressure. (Serie!> 3, ~、

Fig. 18 The response of cortical blood flow in 
allografted kidney to nor-epinephrine on the 6th 
day after the transplantation. NE. 0.lmg of nor-
epinephrine. (Serie' 3, No.＿り｝

with the continuous measurement of blood flow on 3 unmodified allografted kidneys. A 

dosage of 0.1 mg of nor-epinephrine was given intravenously to the dog on the 6th day 

after the transplantation. The response of 

cortical blood flow to nor-epinephrine in 

allografted kidney was quite similar to that 

in the autografted kidney on the 10th day 

(Fig. 18). 

A dosage of 0.01 mg of acetylcholine 

was administered intravenously to 3 dogs 

bearing allografted kidney on the 4th post-

operative day. One out of 3伺 sesshowed 

slight increase in the continuous measure-

ment of the cortical blood flow ; and 3 

minutes later, the blood flow returned to 

the initial level, while in other cases, no 

remarkable change resulted from the injec-

tion of acetylcholine (Fig. 19). 

Fourth series 

The serial measurement was made on 

the cortical blood flow in the allografted 

kidneys modified with azathioprine. Allo-

grafts were bilaterally transplanted to both 

thighs in each of 7 recipients in which 

own kidneys were removed. One recipient 

died of anesthesia postoperatively. In ~ 

8 

Days after transplantation 

Fig. 20 Typical experiment in the animal treated 
日ithazathioprine which re,;ected transplant. Arr sハ
indicates ti】einjection of preclni同lone』Om日.1<;niザ、
4, No.'.!> 
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cases the serial measurement of cortical blood flow in the hemilateral kidney grafts was 

carried out for 7 to 15 days. In the remaining kidneys, other troubles occurred in the 

leading wires by the 5th postoperative day. In the 4 successfulαses the cortical blood 

flow was kept virtually constant by medication of azathioprine 50 mg/day ; and a decrease 

in cortical blood flow occurred when the dosage was reduced to LS mg/day. During 

the orocess of the decrementation of cortical blood flow in these cases, 40 mg of predni-

solo~e was injected. Partial ren川口 ofblood flow was observed on the next day after 
the injection (Fig. 20). In one case the measurement of cortical blood flow was made 

l hours after the injection of prednisolone. It was found that partial recovery of the 

blood flow had alreadv occurred. Twelve hours after the injection the blood flow was 

kept to be the same level as that of 4 hours, and additional administration of prednisolone 

40 mεat this time brought about no further recovery of the blood flow thereafter (Fig. 

Ll). 
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Fig. 21 I‘vpical引 perimentin the animal treated with azathioprine and pr刊lni喝lone.On the 6th postope-
rative day, recciv町 inthe cortical blood flow resulted "ith prednisolone can be seen .¥ hours after the 
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1ベem・、I.:¥u. 5 l 
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DISCUSSION 

The evidence which is suggesting renal ischemia in the allograft has been obtained 

with histologic studies43>20>19>34lm, histochemical and enzymatic investigations22>53>, electron 

microscopic investigation 2 8 >, and arteriographical studies 9 > 10 > 2 6 >. 

A decline in the renal blood flow was proved by 1311 Hippuran clearance in the 

allograft undergoing rejection which reduced the renal function291. If the renal tubular 

impairment does not occur under the complete renal ischemia during the transplanting 

period, the cortical ischemia in the allograf t undergoing rejection might be implied from 

the result obtained with this method. However, not only the continuous m田 surementof 

blood flowαn not be made with this method, but also this method is too expensive to 

be adopted in the frequent measurements because the method is obliged to employ isotope 

and scintillation counter. 

Investigations were also undertaken to define the hemodynamics of renal allografts 

with direct measurement of the total blood flow in the kidney by some workers. For 

the measurement of blood flow in animals, several methods have been evolved since early 
times47河川り24127l23113>. DEMPSTER cut the renal vein and measured the blood outflow101川．

KOUNTZ et al.281 and WILLIAMS et al.川 determinedthe renal venous flow of the canine 

allografts using a constant local indicator dilution method41>. ¥VILLIAMS explained that 

their method was not ideal because of the high mortality. 

The measurement of arterial blood flow in renal allograf ts was also made by some 

investigators using a electromagnetic flow meter. The measurement on the renal allograf ts 

by this method, however, have been limited mainly to single observation because of its 

technical difficulties. In order to understand the hemodynamics in the transplant comple-

tely, it is neccessary to elucidate how the blood flow varies with time. Only JACKSON 

et al.21> made a serial determination on blood flow in renal allografts undergoing 

rejection with electromagnetic flow meter using a probe implanted into the dog. They 

described arterial obstructions伺 usedby their device occuring in some instances. Then, 

RETIK et al.3n determined the renal blood flow with the electromagnetic flow meter on the 

day of transplantation, and repeated their efforts serially at laparotomy generally at 2 to 

3 day intervals. 

Notwithstanding these considerable efforts, these total blood flow measurements do 

not reflect the cortical hemodynamic changes in the renal allografts which has been 

emphasized by many other workers in this problem because of the redistribution of 

intrarenal blood flow induced by the immunologic reaction46>3s>39>. For these reasons, 

another method had to be sought in the present experiment for the回keof the direct 

and continuous measurement of the blood flow in the renal cortical tissue. 

The measurement of the blood flow by means of the thermo-electric principle wa~ 

originally devised by REIN36>. GrnBs14> developed a thermo-electric blood flow meter in 

the form of a needle which was found by many workers to be useful for the measure-

ment of vascular changes in internal organs. GRAYSON et al.151 made appreciable pro-

gress in the physical basis of the application of thermo-electric principle using a modified 

model of needle flow meter with an improved circuit. By now, this method has been 

evolved still more and utilized in the blood flow measurement in the parenchymal organs 
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by many investigators. So far as the author is aware, there are, however, no published 

reports of the serial experiments using a thermo・electricblood flow measurement. 

From experimenting, it was known to be rather difficult to succeed in obtaining the 

serial results using this method. The thermocouples and leading wires were sometimes 

broken down within the experimental period. ( )f 31 cases of serial measurements, troubles 

occurred on the wires in 11 cases. ＇.＼！’one the less, in the serial measurements of cortiαl 

blood flow in the first series, the action of the measuring system of this method proved 

to be valid and stable. It was also confirmed that the measurement of blood flow with 

this method gave no dangerous influenじぜ只 on the whole body and the kidney of the 

animal. 

As the result from the second series, it was confirmed that the cortical c'rculatory 

svstem in the transplanted kidney acquires hypersensitivity to nor-epinephrine. This 

hypersensitivity resulted in a 70当 increasein the blood flow response to nor-epinephrine 

in the autograft over the normal kidney on the 3rd postoperative day, and a 100% increase 

on the 10th postoperative day. The transplanted, meaning completely denervated kidneys 

initially produce a large volume of urine with a low specific gravity. In dogs, the 

autotransplants will continue to produce urine, increasing the concentration, and reaching 

normal value after 2 to 3 weeks9>. It is considered that the transplanted kidney loses 

control of nervous system, gradually acquires hypersensitivity to vasoconstrictive agents, 

and comes to be under the control of humoral system during several days after the 

transplantation. On the other hand, in the present experiments, it was observed that a 

response curvじ ofcortical blood flow to nor-epinephrine was transformed into two peaks 

in shape by the 10th postoperative day in both auto-and allografts. Although the mean-

ing of transformation of the response cun・e of cortical blood flow remains obscure, it 

might be considered that this phenomenon suggested the functional change of the α－ 

receptor to nor-epinephrine in the vascular S¥'Stem of renal transplant, or the existence of 

plural components in the α－receptor of renal cortex. 

From the results of the third -.;eries, it was ascertained that the method is a means 

of value in detecting an early rejection en叩 Theserial measurement of blood flow 

detects the rejection crisis in the 回 ninerenal allografts 1 to 3 days earlier than other 

indices, such as a decline in total renal blood flow, a decrease in urine output, and the 

swelling of the graft. It is clarified that when the incipient decline in cortical blood 

flow is observed, the mononuclear cells evidently infiltrate, but the architecture is still 

preserved to be essentially normal in the cortical tissue in this period ; and the reduced 

cortical blood flow in the renal allograft can be partially recovered with the administ-

ration of prednisolone. 

In the fourth series of experiments, the method proved to have a considerable value 

in the serial study on monitoring the effect of immunosuppressi¥'e drugs on rejection. It 

was found that the partial recoverv of cortial blood flow was brought about by predni-

solone and completed within 4 hours following the administration of this drug in the 

renal allograft undergoing rejection. 

Somt・白 investigatorswho made the measurements on total blood flow in the αnine 

renal allografts, as already mentioned, reported unanimously a gradual decrease in renal 
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blood flow beginning on 3 rd to 4 th day or a precipitous fall in the blood flow on later 

days after the transplantation. On the contrary, the result from present experiments 

exhibited the abrupt and steep decrement in the renal cortical blood flow occuring at 

some time from 3 rd to 5 th p部toperativeday. During the course of these experiments, 

a report by RETIK and his coworkers3n appeared showing an early progressive decrease 

in cortical blood flow by the measurements of total renal blood flow and distribution of 

intra-renal blood flow using an electromagnetic blood flow meter and inert gas washout 

technique. The result of their investigation is quite similar to that of this experiment. 

It is decisively confirmed that the steep circulatory decrement occurs in the early 

rejection peri吋 inthe cortical tissue of the回 nineallografted kidney. Nevertheless, the 

cause of the sudden decrease of cortical blood flow in the renal allograft still remains 

obscure. It is considered that the ischemia in renal allograft rejection must result not 

only from the irreversible damages, such as the dissolution and blockage of small inter-

tubular blood vessels, but also from the reversible changes, such as interstitial edema and 

vascular spasm ; and the latter would occur earlier and might be conducive to the pro-

gression of the former because the reversal of the established allograft rejection was noted 

by many investigators. 

The role of interstitial edema and swelling of arteriolar endothelium in the ischemia 

of renal allograft rejection has not been clarified. DEMPSTER 10> is of the opinion that 

edema does not回 usethe anuria as he observed that an allografted kidney increased three-

fold in size and weight within 72 hours and continued in that state for several days 

afterwards. On the other hand, KOUNTZ et al.28> considered that the edema was one of 

the cause of the reduction of total renal blood flow. By the measurement of the wet weight/ 

dry weight ratios, WILLIAMS et al.50 suggest that the process of homotransplantation 

incurs a certain amount of edema, and oliguric allografts are consistently more edematous 

than functioning kidneys. The steep decrement in cortical blood flow followed by pro-

gressive swelling of transplants was observed in the canine renal allografts in the experi-

ments presented here. It would seem probable that the vasospasm brings about edema, 

and some vicious circle intervenes between vasospasm plus edema and ischemia in the 

kidney allograft rejection ; then the renal allograft suddenly becomes anuric. 

It is thought that further information on the mechanism of the sudden blood flow 

decrement might be obtained with analysis of the effects of vasoactive and immunosup-

pressive drugs upon the renal allograft rejection. Cortison has been employed by many 

workers in an attempt to alleviate the immunologic reaction ; but the descriptions of the 

effect of this drug on the modification of allografted kidneys are mutually inconsistent as 

are those on the survival of allografted skin. Cortisone has been found by some investi-

gators to prolong the survival of skin allograft0りn,and by others to have no effect in 

this regard13>51l川. Some investigators reported that cortisone did not prolong the survival 

of renal allografts in the dog and human beings33>32>20>. HOLLENBERG et al.15> measured 

the renal blood flow with an electromagnetic flow meter and reported that the intra-

arterial administration of corticosteroids were not capable of reversing the ischemia in the 

canine renal allograft. On the other hand, it was reported by several workers that corti句

sone prolonged the renal allograft survival and reversed the incipient rejection in the dog 
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and human being~55>1>31>45>34l, KouNTZ et aJ.29>, using 1311 Hippuran clearance, reported 

the evidence suggesting an increase in renal blood flow by the administration of methyl-

prednisolone succinate. It was also observed in the experiment described here that the 

gradual r町 O¥UYof blood flow in the canine renal allograft undergoing rejection resulted with 

the bolus administration of prednisolone starting about 15 minutes after the injection of it. 

Despite of this large amount of literature, the mode of action of cortisone on the 

kidney allograft rejection has not been understood. One explanation may be that cortisone 

can not suppress the essential immunologic reactions, such as plasma cell infiltration, but 

回 nrepair the additional reactions, such as edema and vasoconstriction. By the arterio-

grams, India ink injection, and direct measurement of the venous outflow, DEMPSTER10> 

found that the blood flow in cortisone-treated allografts was usually better maintained 

than th且tin the untreated allogr乱fts. And he postulates that the irreversible vascular 

spasm, due to a severe antigen-antibody reaction, is the prime 回 useof the arr白tof 

function of the allografted kidney. Therefore, it seemed to be indicated to elucidate 

whether the vascular tone increase does occur in the renal allograft undergoing rejection 

or not. 

Many structures have been shown to develop a hypersensitivity to epinephrine follow-

ing denervation and it has been shown that the denervated kidney also exhibits this 

response to epinephrine1n3o>. BERNE et aJ.3> reported that the chronically denervated kidney 

exhibited a greater sensitivity than normal innervated kidney to nor-epinephrine, and that 

this incr凶 sedsensitivity was present 9 days after denervation and persisted unchanged for 

45 days. In the present experiments, the hypersensitivity to nor-epinephrine was also 

shown in the cortical vascular system of auto-and allografted kidneys. Since the renal 

allograft is completely denervated, if some vasoconstrictive agents are produced with 

immunologic reactions and affect the allografted kidney, vascular tone will be liable to 

incr聞記． And, if the vascular tone has already increased in the renal allograft under-

going rejection, the response of vascular system to nor-epinephrine in the allograft might 

be evoked less than that in the autograft. In the current experiments, however, the 

response of the renal allograft to nor-epinephrine was quite similar to that of the autograft, 

so that the vascular tone increment derived from the immunologic reactions could not be 

demonstrated in the allografted kidney. 

Information of the vascular tone caused by rejection might also be obtain吋 bythe 

study of the vascular sensitivity of renal allograft to vasodilator drugs. HOLLENBERG et 

al.19> reported a marked increase in vascular sensitivity in the kidney allograft to acetyl-

choline not found in the autograft. In the present experiments, the slight increase in 

cortical bloαi flow was り｜〉町rved in the renal allograft undergoing rejection with the 

intra venous《idministrationof acetylcholine. Howe＼℃r, it would be erroneous to compare 

the current result directly with that of HOLLE！泊五RGsince the mode of drug administration 

in these experiments is quilt‘differ from that of HOLLENBERG. It is suspected that the 

vascular response of the kidney allograft to acetylcholine might be shaded by the reduction 

of blood pr引ちureinduced by the samじ druε．

For the satisfactory solution of these problems, further investigation with more im・ 

prο1じclmethods is required. The method of blood flow measurement reported here is 
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not entirely free from technical difficulties. The fineness of the wires, although seemingly 

desirable from the standpoint of the accuracy of flow measurement, may well have been 

a factor in the difficulties of successive flow m回 surement. The thermocouples and the 

leading wires were sometimes damaged by the dogs. And the thermocouple which was 

successfully preserved could rarely be used again because the leading wires had densely 

adhered to the surface of the kidney at the termination of the experiments, and were 

difficult to pull out from the kidney without some troubles. Each thermocouple has a 

differ character in its generation of electric power. In the pr白entexperiments, the semi-

quanti ative measurement was made on the cortical blood flow because the calibration of 

electric character could not be made on all double thermocouples. 

In the laboratory of this surgical division, SOMA and TSUNEKA w ,¥, and their co・

workers50> are constructing and examining the advanced thermo-electric flow meter and 

the improved electric circuit with feed back loop to control the heating current. It is 

hoped that the investigation using this new device will provide more precise information 

than that obtained in the experiments described here. Moreover, the improved thermo-

electr・c flow meter凶nbe put to clinical use, and more satisfactory r白 ultswill be obtained 

with this method in the human renal transplantation in the near future. 

SUMMARY 

The serial and continuous m回 surementsof the cortical blood flow were performed 

using double thermocouple embedded in the cortical tissue of normal, autografted, and 

allografted kidneys in the dogs. The results from these experiments have assisted the 

author in reaching the following conclusions. 

1) The experiments reported here proved the feasibility of serial and continuous studies 

on the hemodynamics in the renal cortical tissue with double thermocouple method. 

2) It is decisively confir『nedthat the abrupt and steep blood flow decrement occurメ in

the cortical tissue of renal allograft in the early rejection period. This phenomenon 

appears 1 to 3 days earlier than other indices of rejection crisis, and therefore the 

earlier detection of rejection crisis can be made with this method. 

3) The effect of immunosuppressive treatment can be monitored with this method in 

the allografted kidney. It is ascertained that the renal allograft rejection in the early 

stage田nbe reversed with the administration of adrenocortical steroids ; and the 

response of blood flow to the therapy is brought about in the cortical tissue within 

4 hours following the administration. 

』） It is also clarified that the transplanted kidney which los白 controlof nervous system 

gradually acquir回 ahypersensitivity to vasoconstrictive a伊nts; the sensitivity of the 

cortical tissue to nor-epinephrine shows a 100 % increa同 inthe transplanted kidney 
over the normal kidney by the 10 th postoperati町 day. It isじonsideredthat the 

transplanted kidney might be brought under the じontrolof tht< humoral system by 

this phenomenon within 10 days following the transplantation. 

The response of the renal allograft to adrenocortical steroids, nor-epinephrine, and 

acetylcholine was discussed in relation to the edema and the vasoconstriction which was 

the p部sible回 useof abrupt and steep circulatory decrement of the cortical tissue in the 



）
 
ハリ、、

f］・外・宝第38巻第3号（昭和ト1¥i:'.5月）

renal allograft rejection in dogs. 
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和文抄録

犬同種移植腎に於ける拒絶反応発現時の

皮質内血流動態の経時的観察

京都大学医学部外科l主投’＋： ~n 2講座（指導：木村J心司教授）

):, 西

自家及び同種移植腎皮質内の血流動態の変化の状態

を，経時的及び持続的lζ検討し，以って人同種移柚ー腎

の拒絶反応の把握lζ資せんがため，双~＼氾立Jによる血

流測定法を周（ '-c:.以下の実験を実施した．
1) 正常腎にこの方法を適用して，同法の安定性と

叩ζ対する影響を検討し七．

2) 自家移値腎lζ於いて，皮n内血流の経II；＼＇的観然
lとより，腎移植術の影響を調査した．又Nor-epinephrine

を用いて，腎移植lζ伴う神経切断の血流lζ及ぼす影緋

を持続的観察lζより検した．

3) 無処置の同穆移植腎（［於いて，拒絶反応支配下

の腎皮質内血流の変化を経時的lζ観察し，単純X線像

ICより得られた腎腫脹の進行，血管造影像， ／えび組織

学的検索の結果と比較検討した．

又，静注によって投与した Prednisolone.Nor-epine-

phrine及び Aぽt、!cholinetζ対する， 同種移値腎の皮
質内血流の反応を持続的測定により観察した．

4) A.zathi旧prineIζよって処置した同種移fi1'i腎の血

流変化を経時的l乙観察した．又同時lζPredni回 loneの

投与を加えて，血流lと及ぼす影響を経時的 lζ 観察し

た．

以上の実験より，下記の結果と結論iを得た．

1) 熱氾対及び導線の断線lζより， ';J：験の中止をし

ばしば余儀なくされたが，本法による腎皮質内血流の

経｜時的観察の可能性が明らかとなり， ζれによって腎

lζ認むべき障害を加えぬ事も判明した．

2) 自家移植腎lζ於いて，術中の出血による影響の

他lζは，皮質内血流の著るしい変動を認めなかった．

又皮質内血管系の Nor-epinephrinelζ対する感受性が，

移値術後数日1!qこ次第に爪t強する事実が！日］らかになっ

た.j.＿，血流の Nりr-epinephrinelζ対する反応｜件l線が，

単時状から2峰状lζ変化する模様が観察された．

3) 同種移植腎について，作wn.九尿量減少当事のゆ1

人

らかな拒絶反応の出現lζl～3目先行し，第3～5手

術日lζ皮質内血流の急激な減少の起る呪を観察した．

この際 Prednisoloneを静注し，約15分後より持続的且

緩徐な血流量の増加が始まる亭色i'h'J, A側、!choline
の静注ICより，直後より約3分間続く僅かな血流用加

を認める事があり，Nor-epinephrineIζ対する反応が｜’｜

家移摘腎のそれと？？でく同級であるポを観察した．

』） 同f・下ftfi1'i',''f（ζ於いて， ；＼zathioprinelζより拒絶

liJL：、を抑制する時，皮質内血流も良く保たれ， Azathio・

prine減量により，血流も減少してゆく・n，及び乙の
際 Prednisoloneの投与により約1時間以内lζ血流の部

分的回復が完了する状況を観察した．

以上の結 ＇~~より，次の知き推論を行ない，且ζれに

検討を加えた．

1) 移植により神経ム：配より完全に縦脱した腎｛土，

数「I~1=q乙血竹収縮性物質IC対する過敏性を獲得し，数

IJ ~1-11乙休液性支配を受けるに至る·Jiが考えられる．

2) 移植腎皮質内血流の Norepinephrine IC対する

反応曲線が2峰性lζ変化する事は，腎皮質内 x-Rece-

pt orの作用の複雑併を物語るものか，或は ex-Receptor

が複数の要家より構成されている・nを暗示するもので
ある．

3) 腎同種移植時の拒絶反応、の細部は殆んど未知の

ままの；されているが，現象面の主体をなすものが

IschemiaであるTlはすでに多くの推論がなされ，本実

験により，それが皮質内の［＂ ・herniaである事が確証さ

れた．更にとの原因をなすものは恐らくは V‘削除P川 m

であると考えられ， Edemaがこれに伴ない， Iドchemia

をもたらすものと思われる．これを暗示する事実は多

いか， 本実験においては，拒絶反応の初発時lζ，即ち

皮質内血流が減少をはじめたl時点で， Ya,ospasmを立

証する・'J'Hζ失敗した．今後実験方法の改善と，測定器

の改良により事実の解明される事を期待している．


