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I. INTRODUCTION 

Among various types of experimentally produced diabetes, diabetes produced by total 

pancreatectomy has the longest history and this measure has been the most reliable method 

to produce experimental diabetes. In 1889, MEHRING and MINKOWSKI0 discovered that 

pancreatic diabetes mellitus develops rapidly after total pancreatectomy with such clinical 

findings as hyperglycemia, glycosuria, thirst and ketosis, and with this discovery they largely 

contributed to the understanding of diabetes mellitus in humans. 

Recent advance in surgery has made it feasible to remove the entire pancreas in cases 

of malignant neoplasms in this organ. However, pathophysiologic alteration after total 

pancreat町 tomyis so complicated that many problems still remain to be clarified despite 

numerous studies have been made in this field. 

In his investigation on changes of the sexual gland in totally depancreatized dogs, 

N1sHIKAWA2> discovered, in 1963, that general condition was maintained favorably and 

weight loss was also mild in parallel with increase in urinary estrogen, when G. T. H. 
(Gonadotropic Hormone) was administered into female dogs, as compared with animals 
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treated with insulin alone. 

The author of the pr田ent paper studied pathophysiologic change in totally depan-

creatized dogs treated with estrogen from the aspect of sugar metabolism. 

II MATERIALS AND METHODS 

A. Materials 

As the experimental animals, adult mongrel dogs of both sexes of the回 menumber 

were used. Total pancreatectomy was performed as described in the below on these 
animals. 

B. Methods 

1. Total pancreatectomy 

After 12 hours' fasting state, 50 mg of Cocktelin H was intramuscularly injected and 
from 10 to 20 mg per kg body weight of Isozol was intravenously injected 30 minut白

later. Thus, the animals were anesthetized and the abdomen was opened. Since the 
duodenum and the pancreas are not fixed to the posterior wall of the abdominal cavity 

in dogs, total pancreatectomy can be carried out relatively easily, as long as the isolation 
of tight fixation between the duodenal wall and the body of the panαeas be carefully 

performed after the ligation of the small vessels to the pancreas with田 renot to injure 

the pancreaticoduodenal artery and vein. 

2. Groups of experimental animals 

Totally depancreatized dogs were divided into the following four groups according to 

the schedule of insulin and estrogen administration. 

( 1 ) Group without administration of drug. This group was consisted of animals 
receiving neither insulin nor estrogen. 

( 2) Group of estrogen administration alone (abbreviated to estrogen group, here-
after). Animals of this group received estrogen administration alone after total pan-

createctomy. 

( 3) Group of insulin administration (abbreviated to insulin group, hereafter). 
These animals were treated with insulin alone after surgery. 

( 4) Group of simultaneous administration of insulin and estrogen (abbreviated to 
insulin-estrogen group, hereafter). Animals in this group were administered simultaneously 
with insulin and回 trogenafter surgery. 

Besides these four groups, normal animals were used for control studies. 
At insulin administration, 1 to 2 units per kg body weight of crystalline insulin were 

intramuscuarly injected two times a day. 

For estrogen administration, 500 to 2000 units per kg body wright of Estradiol-Ben-

zoate were administered every day starting from 2nd postoperative day. 
3. Meastirement of body weight 

In the fasting state in the early morning, body weight of totally depanoreatized dogs 

was measured. 

4. Determination of blood sugar level and urinary sugar level 

Twenty-four hours' total urine was collected and blood was taken in the fasting state 
in the early morning on the next day for the determination of blood sugar and urinary 
sugar levels, which was performed employing electric colorimetric quantitative determina-
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tion of SoMOGYトNELSON3).

5. Determination of insulin sensitivity and assimilation index 

In the fasting state. in the early morning, 0.25 units per kg body weight of crystaト

line insulin were intravenously injected in the animals of each group. Blood sugar level 

was determined every 30 minutes after the injection for 9 hours. For the determination 

of assimilation index, method of NORGAARD-THA YSEN叫 wasemployed. 

6. Determination of blood sugar level after intravenous administration of estrogen 

In order to investigate whether or not estrogen has direct influence on blood sugar 

level, 1000 units per kg body weight of estrogen was intravenously administered and blood 

sugar level was determined every 1 ho町．

7. Determination of glycogen content in the liver 

With the care of minimizing operative aggression, the abdomen of experimental animals 

was opened every 1 week after surgery and small section of the liver was taken for the 

determination of glycogen content. The determination was performed by electric colorimetric 

quantitative determination of Gooo-KAMER and SOMOGYI.叫

8. Determination of acetone body in blood and urine 

In the blood taken in the fasting state in the early morning and in 24 hours' total 

ぽ ine,acetone body was determined. For the determination, modified method of GREEN-

BERG and LESTER and electric colorimetric quantitative determination of KoIDE, KOOYAWA 

and MORITA6l were used. 

III. RESULTS 

1. Survival time and rate of weight loss after total pancreatectomy 

The experimental animals showed hyperglycemia and glycosuria as early as 24 hours 

after total pancreatectomy. If any drugs were not administered, characteristic signs of 

panじreaticdiabetes such as thirst, polyuria and steatorrhea with gradual weight loss de-

veloped. Survival time of these animals was, as summarized in Tab. 1, approximately 2 

weeks after surgery. 

When estrogen alone was administered after surgery, animals could survive more than 

3 wee~s, as shown in Tab. 2. In animals treated with insulin alone after surgery, and 

if properly administered, survival time was longer than 4 weeks as shown in Tab. 3. 

When insulin and estrogen were simulaneously administered, the animals, as shown in 

Tab. 4, could survive more than 5 weeks after surgery with improvement of thirst, polyuria 

宇o,dsteatorrhea, and the animals of this group showed the most favorable postoperative 

course than any other groups without signs of development of fatty liver. 

Rate of weight loss, as shown in Tab. 5, 6, 7 and 8 and Fig. I, was 30.1 per cent 

in the group without administration of drug, 17.0 per cent in estrogen group, 17.4 per 

cent in insulin group and 6.2 per cent in insulin-estrogen group, respectively 2 weeks 

after total pancreatectomy. Rate of weiεht .l部 swas obviously .the smallest in insulin-
estrogen group. 

2. Fluotuation in blood sugar level and urinary sugar level 

Blood sugar level in the fasting state in the early morning reached its maximum level 

from 24 to 48 hours after total pancreatetcmy in dogs, which was followed by continuous 

hyperglycemia. Fluctuation in blood sugar level in the fasting state in the early morning 
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Table 3 Survival T】meafter Total 

Pancreatectomy in Insulin Group 
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一＿ .1 I Cda泣＿＿ L＿（~L 
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Table 1 Survival Time after Total 
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Table 7 Rate of Weight Loss in Insulin Group 
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Fig. 1 Rate of Weight Loss 

w 

is summarized in Tab. 9, 10, 11 and 12 and Fig. 2. Namely, in group without administ-

ration of drug, it remained in a hyperglycemic level of 350 to 400 mg/di, whereas in 

estrogen group, insulin group and insulin-estrogen group, it was invariably maintained in 

a level around 300 mg/di until the end of the first postoperative week, which was followed 

by slight increase or decrease with less signif icnace. 

Fluctuation in urinary sugar level reached its peak from 24 to 48 hours after surgery 

in general, as shown in Tab. 13, 14, 15 and 16 and Fig. 3. In group without administ-

ration of drug, it was maintained in a level 

of glycosuria around 7.0 g/dl corresponding 

to the level of blood sugar in this stage. 

Towards the 2nd week after surgery, urinary 

sugar fluctuated from 5.0 g/dl to 6.0 g/dl in 

insulin group, while in estrogen group and 

insulin-estrogen group, it ranged between 2.0 

g/dl to 4.0 g/dl despite hyperglycemia in 

this stage. 

In brief, urinary sugar level showed a 

tendency of decrease after total pancreatectomy 

Table 9 Blood Sugar Level after Total 

Pancreatectomy in Group without 
Administration of Drug 

Doe-No. j与！快fo陀 afterSurg町（day)一 I -- • .ー←『－

~－~o -.J二・1~~！eryJ日 2 [:_J 1］~ 12:_ 

No. 1 j♀ I 104 I 262] 3861 394¥ 390¥ 402¥ 31.i 

No. 3 j♀ I 76 I 396] 3121 34ol 3841 3161 -
No. 4 j合 I 92 I 342J 354] 33sJ 362¥ 3441ー

ιぺ瓦i-·9~1河一同J3恥いJ
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Table 10 Blood Sugar Level after T"tal Pancreatectomy in Estrogen Group 

Dog before ' after Surgery （【lay)
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:Hヲ』＼り.1 ♀ Iii m 凶 228 I 302 I 300 I :i4ど lilll Iり8

比二i ♀ 106 

'.¥o.li ♀ 90 

l¥n.7 ♀ 88 

f'¥o.拘 合 lり己
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Table 11 Blood Sugar Level after T• 淀川 Pancreatectomy in Insulin Group 
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Table 12 Blood Sugar Level after Total Pancre"tectomy in Insulin-Estrogen Group 
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Table 13 Un川町 SugarLevel after Total 

Pancreatectomy in Group without 
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Fig. 2 Blood Sugar Level after Total 
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¥o. -I O 0. 1 : 7.九 h日 5.8 6.:; 7.11 

Mean (g/dll 0. 17 I 7. 21 7. I h日 6.81 Ii. Ii 5.1 



第 1号第37巻日本外科宝函fi~ 

Table 14 

2 

5.8 

6.2 

6.4 

6. 2 

7.5 

3. 2 

4. 7 

I 28 

0
0
0
0

－q
3
 

6

4

一に
3

1

5

一3

一2
8

a
4
・2

一4
2

一1

－jj
j

J

2

・
j

j

一2

一5
2

4

0

1

5

－

3

一

F
F
D
4
p
a
a
υ

。。
7
，b

・4

－

mr
－
 

一1
7

4

2

0

1

0

6

3

川

一

2

6

3

1

9

4

5

3

吋

一

u
－
6

3

3

O

Z

u

－
－1

y
一
一

肝

一

｜
｜
l

ub －－一
0

2

2

2

6

3

4

一1

8
一

ω
一
広

4

4

弘
之
内
札
広
一

a

V
A

－

－

 

O
L

－

－

 

K
一

一

1
11
I
l
l
i－
－
－
ー
一
ー
ー
ー

免
u

－

一
一5
0

8

8

8

3

5

一O

一7

一a
a

z

L

1

4

6

一4

一
一6
8

2

4

9

1

3

一4

一4
5

3

2

4

2

』

l lnmry Sugar Level after Total Pancreatectomy in Estrogen Group 

Dog ! I hefo町 ｜
: Sex, 

No. 1 ¥ Surgery j 

r¥o. l ♀ I 0. 1 I 6. 2 

＂＂・：＇♀ I o . ..i 7. 3 

No.6 ♀ ！ 0. 5 i 5. fl 

1¥.,.7：♀； o. 3 I s. 9 

'¥o.f¥ ~ 0. 2 I 6. 0 

""・9 o o. i I 2. s 
!'¥o. JO！合 l 0. I 5. 8 

Mean [ 0. 24 I 5.而
（巨／di) I I 

a le 15 Urinary Sugar Level after Total Pancreatectomy in Insulin Group 

I I befo吋｜

一｜土 －~竺 1 I 2 l · － ~－· 1－；－パ寸~T~~
"" 2 I 0 ; il. 3 I 7. 5 ! 6. 5 I 5. 6 I 7. 5 I 7. 5 I 5. 2 I 4. 8 I I 
i¥.. 3 I ♀ 1 o. 2 I 5. 3 I 5. o I 6. s I 4. 2 I 3. s I 5. s I 6. 5 I I 
出 5 I ♀ i o. 1 I 5. s ・ 4. o I 3. 6 I s. 6 I 7. 2 I ..i. o I 6. 2 I I 

Menn (g /di) I 0. 2 j 6. 1 I 5. 2 I 5. 3 I 5. 8 I Ii. 2 I 5. 0 I 5. 8 I 5. 1 I 
Table 16 Urinary Sugar Level after Total Pancr白 tectomyin lnsulin-Estro宮町1Group 

知山τ三三

I 28 I 

4. 5 J 4. 71 4. o 

35 

3.6 

4. 3 

24 

3.9 5. 7 

Dog No. 

8

2
－

3
 

q
L

’A
－

qu 

21 

8.5』

2. 5 ' 

1.5' 

2.0 

3. 2 

2 . ..j 

after Surgery (day) 

ゥ，

P
D

つゐ。
O

Q

U

A

－－

一
弓，

司，，

．

．

．
 

1

－
4

7

2

0

5

1

3

 

一

小

0
8
8
8
小

O

♀

Dog No. 

i¥ハ 2

¥o. 3 

＼什』

＼川、 5

!¥... 6 

;¥... 7 

恥1eanlg/dl1 

一……d .. ~ 
－一一ー＇•·，叩 f，叫

国・・・ーー－ '""'''"'-• 
一・－・－ In..恥い山内叩

4. 4 I 

by the administration of estrogen. 

3. Insulin sensitivity and assimilation 

index 

0. 17 

35 "・' 

＂竹山 11.............. f) 

Fig. 3 Urinary Sugar Level after tりta!
Pancreatectomy 

28 24 21 17 14 lO 

Intravenous administration of crystalline 

insulin in a dosis of 0.25 units per kg加dy

weight resulted in normal dogs within 30 to 

60 minutes in a marked hypoglycemia, when 

injected in the fasting state in the early morn-

ing, as shown in Tab. 7 and Fig. 4 and 5. 

The hypoglycemia recovered thereafter to the 

level hefore the injection within 2 to 3 hours. 
Insulin was similarly injected in the totally 

depancreatized animals of each group and 
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blood sugar level was determined. As shown in Tab. 17 and Fig. 4, blood sug訂 level

in animals without adminstration of drug failed gradually reaching the minimum value 

around 6 hours after intravenous injection of insulin, and then, restored gradually to the 

evel before the injection approximately 24 hours after the injection. In insulin group, 

as shown in Tab. 17 and Fig. 5, blood sugar level markedly failed from 1 to 2 hours 

after intravenous injection of insulin, which was followed by gradual increase to return 

to the level before the injection from 12 to 24 hours later. In contrast to these findings, 

in estrogen group and insulin-estrogen group, blood sugar level reached its minimum from 

2 to 4 hours after intravenous injection of insulin, which showed rapid recovery thereafter, 

Table 17 Blood Sugar L』velafter Intravenous Injection of Insulin in Total!, Depancreatized Dogs 
(Insulin 0. 25 u.／匂）
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returning to the pre-injection level 6 to 9 hours later. 

To summarize these findings, although interval of time between insulin injection and 

manifestation of hypoglycemia was slightly prolonged compared with normal animals, 

interval of time for restoration of the level of blood sugar to that before the insulin in-

jection was shortened in estrogen group and insulin-estrogen group com阿 redwith that in 

group without administration of drug and in insulin group, and particularly the curve of 

blood sugar level in insulin-estrogen group showed the likewise pattern with that in normal 

animals. 

From these curves, assimilation index was calculated following the method of Norgaad-

Thaysen as summarized in Tab. 18 and Fig. 6. It was assumed that assimilation index 

was smaller in totally depancreatised animals than in normal ones in the turn of insulin-

estrogen group, insulin group, estrogen group and group without administration of drug, 

showing the smallest value in the last group. 

4. Fluctuation in blood sugar level after intravenous administration of estrogen 

In order to investiεate whether estrogen has the effect of reducing the blood sugar 

content or not, 1000 units per kg body weight of estrogen was intravenously administered 

in group without administration of drug and estrogen group 1 to 2 weeks after total pan-

cratectomy, and behavior of blood sugar level was pursued for 5 hours. As shown in 

Tab. 19 and Fiε. 7, decrease in blood sugar level could not be observed by estrogen 

administration. 

5. Rate of decrease in hepatic glycogen .~ 

content I 宇＼

To investigate the fluctuation in hepatic 

glycogen content in totally depancreatized 

dogs, the abdomen was opened in the fasting 

state in the early morning and a small sec-
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torny, the rate of decrease being 94.7 per cent 

in the former and 88.1 per cent in the latter, 

as shown in Tab. 20 and 21 and Fig. 8, 

while the rate of decrease was as slight 出

24.2 per cent in insulin group and 27.5 per 

cent in insulin-estrogen group. Thus, the 

decrease in hepatic glycogen content was found 

to be far smaller in the cases of insulin ad-

ministration. Rate of decrease in hepatic gly-

cogen content was 94.9 per cent in group 

without administration of drug 2 weeks after 

surgery and it was presumed that there was 

no storage of glycogen within the liver. Three 
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Table 21 Rate of Deer回盟 inHepatic Glycogen Content after Total P<mcreatectomy 

1 after Surgery (week) 
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weeks after surgery, the rate of decrease was 

74.2 per cent in estrogen group being smaller 

than the value in this group I week after 

surgery while in insulin group, the rate de- ;,; 

creased on to he 55.3 per cent 3 weeks after 

surgery. The rate of decrease was consider-

ably smaller in insulin-estrogen group than in Bl. 

any other groups being 31.3 per cent 3 weeks 
after surgery. 

6. Fluctuation in acetone body in blood 60 

and urine 

Acetone body in blood and urine was 

determined simultaneously with the determi－制

nation of blood and urinary sugar levels in 

each group after total pancreatectomy. As 

shown in Tab. 22 and Fig. 9, acetone body 21 

in blood rapidly increased after s町 geryin 

every group, reaching the maximum towards 

the end of 1st postperative week, and decreased 

gradually thereafter. Acetone body content 

was 0.9 mg/di 4 days after surgery and 

reached the maximum of 1.1 mg/di I week 
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Table 22 Fluctuation of Blood Acetone Body after T，山Il-'<111creat町 t川川、

j Dog No. 
Body Weight I after Surgery ( w円、k;

Sex I kg I I 4 ay 1 I ;- I 
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'¥ -I ！ ♀ I 8. 0 I 1. 2 I I. 2 I 0. K 0. fi 
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after surgery in group without administration 

of drug which was followed by gradual 

decrease. However, the content remained in 

a higher level until terminal stage, ranging 

around 0.7 mg/di 2 weeks after surgery. In ・°＇JI 

insulin group, the content ranged a little lower 2 

than in group without administration of drug, 

showing a rapid decrease to be 0.3 mg/dl 2 15 

weeks after surgery, followed by gradual 

decrease there after. In estrogen group, the . ~ 

content increased instantaneously, showing 1.5 

mg/dl on the 4th day after surgery and re-

aching the highest value of 2.1 mg/ dl 1 week c1. 

after surgery. It showed about two times as 

high a value as that in group without ad-

ministration of drug to be 1.5 mg/dl 2 weeks 

after surgery, and continued to maintain its 

relatively high value of 0. 7 mg/ di 3 weeks 
after surgery. In insuin-estrogen group, the 

content ranged slightly lower than in estrogen group until 3 weeks after surgery, and it 

slightly increased to be 0.6 mg/dl towards the 4th week after surgery. It is assumed that 
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there was an obvious tendency of increase in acetone body in blood by the administration 

of回 trogenafter total pancreatectomy. 

Urinary acetone body increased in parallel with the increase in blood acetone body, 

reaching its maximum level 7 days after sur-

gery in all groups and followed by gradual 

decrease thereafter, as shown in Tab. 23 and 

Fig. 10. In group without administration of 

drug, the content was 43 mg/day 4 days after 

surge , and it reached the maxim 

of 55 IT】g/day7 days after surgery. Although 

it decreased gradually thereafter, the content 割

still remained to be 46 mg/day even 2 weeks 

after surgery. In insulin group, the content 柑｝

ranged slightly lower than in group without 

administration of drug, showing rapid decrease 4r 

to be 21 mg/day 2 weeks after surgery. 

However, it still remained to be 14 mg/day 

even 4 weeks after surgery. In contrast to 

these findings, urinary acetone body content 

increased rapidly after surgery in estrogen 
、、’＂トー内h.-r、U叫＇＂＂

group, ranging to be 64 mg/day 4 days after Fig. IO Fluctuation , f Urinary Aじet川町 Bodv 
surgery and it reached its maximum value of after Total Pancreatectomy 
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99 mg/day 7 days after surgery. It decreased gradually thereafter, but it remained in a 

higher level of 87 mg/day even 3 weeks after surgery, corresponding 2 to 3 times higher 
than in any other groups. 

In insulin-estrogen group, the content was slightly higher than in group without ad-

ministration of drug until 2 weeks after surgery, which decreased rapidly towards the 3rd 

week postoperatively, and it increased again slightly in the 4th postoperative week to be 

47 mg/day. 

Thus, urinary acetone body obviously incr回 sed by the administration of estrogen 

after total pancreatectomy, as acetone body in blood did. 

IV. DISCUSSION 

Since the disocovery of insulin by BANTING7> in 1922, effect of insulin on totally 

depancreatized animals has been investigated, and it was clarified that simple administra-

tion of insulin cannot keep totally depancreatized animals alive, owing to the development 

of fatty liver, and faty liver can be prevented by feば lingthe animals with diet contain-

ing raw pancreas. HERSHY8l reported, in 1930 and 1931, that yolk lecithin also had 

similar effect, and BEST9> and others also asserted in 1932 and 1935, the similar efficiency 

of betaine and choline. In 1936, however, DRAGSTEDT10> maintained that the effectiveness 

of raw pancreas in preventing the development of fatty liver is not due to choline or 

pancreatic enzyme but due to a new pancreatic hormone“lipocaic”. On the other hand, 

RALLI10, in 1938, and CHAIKOFF,12> in 1939, demonstrated the de¥'elopment of fatty liver 

by ligation of the pancr凶 ticduct, and emphasized an imporftant role of pancreatic juice 

itself in preventing the development of fatty liver. In our country, HONJ013>14> pointed 

out in 1954 an important fact, from his observation in which fatty liver could not be 

demonstrated in totally depancreatized dogs fed by boiled rice and wheat mixed with dried 

fish that fatty liver, which develops frequently after total pancreatectomy, is largely in-

fluenced by diet. However, postoperative steatorrhea and progressive weight loss cannot 

be inhibited, even if development of fatty liver can be prevented after total pancreatectomy 

by the administration of raw pancreaメ and/or methionine. This might partly be due to 

loss of pancreatic excretion in respect of digestion and absorption, and more largely be due 

to lack of insulin caused by total removal of the pancreas which leads to a decrease in 

sugar utilization with necessarily resulting alteration in metal】olicpattern in which protein 

and fat must be utilized energy source within organisms. 

In the present experiment, weight loss could be prevented in the animals of both 

sexes by the administration of estrogen after total pancreatertomy, and development of 

fatty liver could hardly be observed. Here arisεs a qutstion how estrogen could prevent 

weight loss after total pancreatectomy. ¥Vhen estrogen is admistered in totally depan-

creatized animals, postoperative steatorrhea can be remarkably improvtd. HuKA YA 15> had 

interest in this point in 1966, and made an investigation on digestion and absorption in 

totally depancreatized dogs treated with estrogen. In his experiment, he clarified that 

digestion of fat was markedly improved じomparedwith totally depancreatized dogs treated 

with insulin alone, as had been the case. On the other hand, in the author’S experiment, 

any significant changes in blood sugar level could not he observed even through estrogen 

was directly injected intravenously in totally depancreatized dogs. I iピnce,it is assumed 
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that estrogen is not possessed of an effect of decreasing the level of blood sug訂 likein-

sulin, but the effect of estrogen to inhibt weight loss after total pancreatectomy is presium-

ably nothing but a result of improvement in fat metabolism. 

It has been pointed out that animals become more sensitive to insulin after total pan-

createctomy and one is forced to reduce the insulin dosage川. KAWAMURA17> postulated 

that the necessity of reduction of insulin dosage is not due to increased sensitivity to 

insulin, but due to general consumption caused by steatorrhea, and that there is no need 

to reduce insulin dosage as far as appetite of the animals is maintained well. 

According to the test of insulin sensitivity in the present experiment, blood sugar 

reached ones its minimum level after intravenous injection of insulin and it was ascertained 

that subsequent restoration of blood sugar level in group without administration of drug 

and insulin group was obviously delayed compared with that in estrogen group, and in 

the former groups, experimental animals frequently fell into shock after prolonged hypo-

glycemia. On the contrary, restoration from hypoglycemia was far shortly attained in es-

trogen group compared with any other groups, and hypoglycemic shock could be scarecely 

observed. This finding was interpreted to sustain Kawamura’s presumption together with 

the fact, as observed by Fukaya, that digestion and absorption of fat is markedly improved 

after total pancreatectomy by the administration of estrogen compared with simple admini-

stration of insulin. On the other hand, there exists intimate correlation between insulin 

sinsitivity and hypophyseal function as maintained by BooE18> in 1950. He observed that 

insulin dosage had to be gradually decreased in the experiment of insulin sensitivity in 

hypophysectomized dogs, and he clarified that insulin sensitivity could be maintained to 

be normal, if GH (Growth Hormone) had been administered in experimental dogs. HATTA 

19> reported in 1965 that anterior pituitary cells were favorably preserved by administra-

tion of estrogen in totally depancreatized dogs, as compared with those without administ-

ration of drugs and those treated with insulin, suggesting favorable influence of estrogen 

on these cells. Hence it is assumed that prompt restoration of blood sugar level in estrogen 

group at insulin sensitivity test is presumably due to the fact that hypophyseal function is 
favorably preserved by administration of estrogen. 

Y Ao20>, in 1959, could not find significant differencぜ betweenassimilation index and 

hepatic glycogen content. In the pr田 entexperiment, however, among experimental groups 

the order of decrease in assimilation index corresponded well with that of rate of decrease 

in hepatic glycogen contents. The rate of decrease in hepatic glycogen was smaller in 

insulin-estrogeen group than in insulin group. Effect of estrogen is recognized here also. 

It is interpreted that白 togendoes not act directly to the storage of hepatic glycogen, but 

it presumably acts via hypophyseal function and lipid metabolism in the periphery川 22)24). 

Relationship between diabetes and acetone body has been well known24>. In the pre-

sent experiment also, acetone body invariably increased in all animals after total pancreatec-

tomy, but in insulin group, acetone body drew n巳arto normal level with the postoperative 

course. On the contrary, acetone body increased i訂 remarkablyin estrogen group compared 

with group without administration of drug, and it was maintained in an increased level 
despite simultaneous administration of insulin. 

Increase in acetone body in diabetes has been explained by prosperous decomposition 

of fat in organisms with resulting increase in acetone body production from acetyl Co A 
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and disturbance of its utilization. TANIGUCHI25> reported in 1966 that both blood lipids 

and non-esterif ied fatty acid increased on in totally depancreatized animals without ad mini-

stration of drug compared with other groups, and the increase was inhibited to the moderate 

d令reeby administration of estrogen, making little difference from group with insulin ad-

ministration. From this finding, it is assumed that in animals without adminislration of 

drug after total pancreatectomy, therゼ mightpresumably exist increase in lipid decomposi-

tion and disturbance of acetone body production. On theりtherhand, STADIE26> reported 

in 1941 that production of ketone could not be observed in hypophys段、tomizedanimals 
and the hypophysis is necessary for ketone production. According to the observation of 

HATTA 19>, histological findings of the anterior pituitary showed onか wayprocess of devas-

tation in totally depancreatized animals without administration of drug, and it was found 

to be kept in a favorable state by estrogen administration. Disturbance of acetone body 

production in animals without administration of drug after total pancreatectomy can be 

attributed to depression of hypophyseal function. Thus, it is assumed that increase in 

acetone body, observed by estrogen administration, might not be a result of disturbance 

of acetone body utilization, but a result of its excessive production, as pointed out by 
BENETT27> in 1948, together with improvement of hypophyseal function. 

To summarize all these findings in the present experiment, postoperative survival time 

could be prolonged and weight loss was inhibited also, even by a treatment with estrogen 

alone after total pancreatectomy. It was ascertained that pathophysiologic condition can be 

markedly improved after total pancreatectomy by simultaneous administration of回 trogen

in addition to traditional treatment with insulin alone. 

Such an effect of estrogen administration was interpreted that estrogen does not act 

directly ageinst the disturbance of sugar metabolism after total pancreatectomy, but it in-

fluences on hypophyseal function and improves lipid metabolism after total pancreatectomy. 

V. SUMMARY 

Insulin and estrogen were administered in totally depancreatized dogs in various doses, 

and the postoperative pathophysiology was studied from the aspect or sugar metabolism, 

the animals being divided into insulin group, estrogen group, insulin-estrogen group and 

group without administration of drug. The obtained results are summarized as follows: 

1. Survival time after total pancreatectomy can be prolonged by the administration 

of estrogen. 

2. 'vV eight loss was more slight in estrogen group as compared with group without 

administration of drug and the result was more favorable in the group of simultaneous 

administration of insulin and estrogen. 

3. Administration of estrogen showed no particular influence on blood sugar level. 

4. As investigated from fluctuation in blood sugar level in insulin sensitivity test, 

restoration of blood sugar level was more group with the admini刈rationof insulin alone. 

5. Decrease in hepatic glycogen content was considerably inhibited hy the administ-

ration of insulin. However the decrease was even more inhibited by the simultaneous 

administration of insulin and estrogen. 

6. Acentone body in blood and urine increased by the administration of estrogen. 

As has been described, the administration of estrogen after total pancreatectomy does 
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not influence directly on sugar metabolism, but it acts favorably on sugar metabolism 

through inprovement of lipid metabolism and hypophyseal function. 

The gist of the p配 置ntpaper was reported at 8th Annual Meeting of Japanese Society of Diabetes. 

入札・omplishing the pre田nt paper, the author is deeply indebted to Pof. Dr. lcHio HoNJO for his valuable 

advices and kind supervision. 
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和文抄録

勝全別後の糖代謝に及ぼす Estrogenの影響

京都大学医学部外科学教室第 1講座（指導．本庄一夫教授）

輸

Merig u. Minkowski (1889）が，勝全易リにより隣性

糖尿病が急速に発現する事を発見して以来，多くの研

究r;・ic.よ＇jて相l1l,t(l1i.Jの病態生理が解明されてきた．

最近西川 Il'lli:¥1が，勝全刻犬における性腺の変化

を追求している際，雌犬l乙GonadotropicHarmon eを

投与したところ， 尿ftlEstrリgenの増量l乙平行して，

従来ーの Insulin投与のみの管理と比較して，術後一般

状態が良好に経過し，体重の減少も少ない事実を発見

した。著者は勝全刻犬lζ， 各種単位の Insulin及び

Estrogenを投与し，夫々 Insulin単独投与畔，トtrogen

単独投与／if, Insulin• Estrogen併用投与群及び薬剤無

投与醇lζ分類し，その州fLl'i生理を糖代謝の而から比較

検討し，次の結果をi'Jf二．

1. 勝全刻後の生存日数は， EstrogenJ世与により延

長させ得る．

2. (;j>重の減少ll ．薬剤無投与群l乙比し， Estrogen

哲 良日

単独投与群では軽度で， Insulin及び Estrogen併用投

与は更に良好な成績を示した．

3. Estrogen投与により，血惰値l乙特別の影響は認

められなかった．

4. Insulin感性Testによる血糖値の変動は， Insulin

単独投与群lζ比L' E'tr< ＞貯口単独投与群 ＇zびらtr•港開・

Insulin 併用投与群ては血糖値の復帰が良好である．

5. 肝 c;I )Togen ・lJ.の減少は， In日1lin投与によりか

なり抑制されるが， Insulin及び Estrogenの併用lとよ

りその減少は更に軽度となる．

6 血液及び尿中 Acct叩休は， Estrogen投与によ

り増量する。

以 L H卒全刻後の Estrogen投与は， 糖代謝l乙直接

的な影響を与えに脂質代謝ならびに下璽休機能を介

して，粕1代詩Hζ好影響を及ほしているものと解され

る．


