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I. INTRODUCTION 

Since RocKEY performed for the first time an operation of total pancreatectomy 

for pancreatic cancer in 1943, many successful illustrations of total pancreatectomy 

for pancreatic cancer, neoplasms of LANGERHANS’islet cell, chronic pancreatitis with 
pancreaticolithiasis and other cases have been reported. As the patho-physiology of 

totally pancreatectomized state, diabetes mellitus, development of fatty liver, distur-

bance of digestion and absorption, etc. are enumerated, but man~’ pending problems 
remained still to be solved. 

History of study on diabetes due to pancreatectomv was old and development of 

diabetes after total pancreatectomy w田 alrcarl~· acknowledged by v. MERING & 
MINKOWSKI in 1889. As“Insulin”waぉfoundbv BEST & BANTING in 1922, many 
investigators have been trying to stud、thedial成 icstate following total pancreate氾’
tomy. Buss, FISHER, ALLAN, Bowrn, RoBINSON and MACLEOD and others reponeu 

that the depancreatizecl dogs could not maintain tl~eir normal body wcight and die, 
despite the insulin control of the hyperglycemia and the glycosuria; and a mark:d 

accumulation of fat in the liver was found to be the most prominent change m 

these dogs at autopsy. After a while DRAGSTEDT stated that the totall;; depancrea-
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tized dogs required a less amount of insulin than the partially depancreatized dogs 

or the alloxan-administcred diabetic 【logs. Furthermore he observed that in the 

depancreatized dogs, as time mでnton, there occurred a steadily lessening excretion 

of dextrose, in spite of continuously decreasing doses of insulin, until after six to 

eight weeks, the animals required onl：.γfrom 2 to 3 units of insulin, and the larger 
amount of sinsulin, even 5 units, might at this time provoke fatal hypoglycemic 

convulsions. He thought that this phenomenon was due to an increase of sensitivity 

toward insulin, and was caused by the development of fattJ.ァ liver after total pan-

createctomy. 
Then, SosKIN & LEVINE stated that the depancreatized dogs ・which had no 

disturbance of liver function were sensitive （“juvenile”or unstable) toward insulin 
and showed rapid falling of blood sugar level by insulin test; they also said that 

the depancreatized dogs which had an advanced degree of fatty liver were insensitive 

（“adult”or stable) toward insulin, and their status of diabetes was mild requiring 
the lesser amount of insulin, and that, in these dogs, the falling of blood sugar level 

was b）’ far in lower degree by insulin test. 

Authors reporting complete pancreatectomy of human beings declared, on the 

岡山 ofinsulin requirements, that insulin sensitivity increased after the operation. 

Contrary to these opinions stated above, HoNJO & AoKI in our clinic explained 
that the fatt）γliver after total pancreatectomy could scarcely be found in human 

beings or in dogs. Moreover, OsHITANI and YAMAMOTO studied in detail on the early 

and the late type of fatty liver in dogs respectively and th句ア ascertainedthe fact 

that, throughout all the periods after total pancreatectomy, the development of the 

fatty liver could be prevented e町ectuallyby the use of an adequate dosage of insulin. 

On the other hand, KA w AMURA in our same clinic pointed out that the depancrca-

ti~d dogs tended to have a decreased sensitivity in insulin test and reported that in 

only a few cases, 4 of 23 dogs, the amount of insulin administered had to be reduced 
at the later time after the operation. Thus, the development of fatty liver by 

which an increase of insulin sensivitity seemed to be caused, could possibly be avoid-

ed by the adequate administration of insulin; and it became clear that the sensiti-
vity toward insulin, contraQア tothe general opinion, was lowered after total pancrea-
tectomy. 

On the other hancl, there exists an irrefragable fact that the depancreatized 

dogs are apt to have an attack of hγpoglyccmic signs even liγa small dose of 

insulin. To make clear these phenomena which looked like contradicted with each 

other, I have done the following experiments to prove what changes would occur in 

the amount of liver gl）ァcogen and what relationship might reside between these 

changes and the insulin sensitivity. 

II. EXPERIMENTAL MATERL-¥LS AND METHODS 

The adult dogs, about 10 kg in weight, were used. These dogs were fed by rice 

with a mixture of 白sh and vegetable about 150g 200g，白shbone or meat, 
about 20g-30g; and rav,・ pancreas and methionine were not given in parti-
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cular. The venous blood was taken from hind limbs, and its blood sugar level was 

examined. Small pieces of the liver were taken by laparotomy, and their glycogen 

content was measured. 

The pancreas could be carefully removed without much di伍cultiesin dogs by 

cutting off the pancreatic branches of the pancreaticoduodenal artery and vein under 

double ligation and by separating and cutting the main pancreatic duct after double 

ligation. Regular insulin was alwa~·s used both for the treatment and for the 

insulin test. The amount of insulin to be injected for insulin test was so little that 

it was diluted with the s'.>lvent provided ¥JγJapanese pharmacopoeia, in order to be 

accurate. SoMOGYI-NELSON’s method was applied to examine the level of blood sugar 

by using 1.0 cc of blood. 

The amount of liver glycogen was measured numerically according to Goon-

KRAMER-SOMOGYr's method. As liver gl~·cogen in a living body was very unstable, 

I used an anesthetic such as chlorpromazine or pantbarbital which did not provoke 

the destruction of glycogen during laparotomy, and put the specimens into boiling 

alkali solution (30% KOH) as soon as possible. 

There n℃re var句usmethods to perform insulin test and various theories were 

stated to indicate insulin sensitivity. I determined insulin sensitivity by adopting 

N ORGAARD-THAYSEN’日 assimilationindex under the same opinion as KA w AMURA’s in 
our clinic.λssimilation index was calculated from the curve of blood sugar level 

according to NoRGAARD-THAYSEN illustrated in Fig. 1. Early in the morning when the 

dogs feel hungry, 0.1 0.3 units of regular insulin per kg in body weight was injecte<l 

intra＼℃nously and blood was taken every 30 minutes. In this way, blood sugar levels 

were measured from 4 hours to 6 hours after the injection of insulin. In addition 

to performing the above insulin test, I injected 1.0-2.0 units of insulin per kg in 

lx>cl~’＇＂アeight intravenously to one group of dogs and subcutaneously to another group, 

and then examined thus acquired blood sugar curves. 

Measurement of liver glycogen was 

concurrently performed with insulin test 

for some group. As time went on after 

total pancreatectomγ，however, the dogs ope-
rated on began to show h：，ナpogl：，ァcemicsigns; 

and after the fourth postoperative 11’eek, it 

was difficult to carry out the insulin test 

and the measurement of liver glycogen at 

the same cl叫ア inalmost all cases. But, to 

make sure the relationship between assi-
milation index and liver glycogen content, 
these two experiments were performed at 
intervals of 2 or 3 days. 
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III. RESULTS 

1. Insulin Test and Liver Glycogen 

m 

Normal Dogs 

The blood sugar level of normal dogs in my experimental series ranged in the 

state of fasting between 89 mg % in maximum and 63 mg % in minimum. 
When the insulin test was performed in normal dogs in the state of fasting, 

the blood sugar dropped to its lowest level 30 60 minutes after injection, and then 

it rose up rapidl:Yア and90 120 minutes later, restored to the former level before 

injection, as illustrated in Fig. 2. In this case, 0.1 to 0.3 units of insulin were 

injected intravenously per kg in body weight in insulin test. If 2.0 units of 
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Fig. 2 Blood Su邑・arCurves after Insulin Injection in Normal Dogs. 
(Dose of Insulin: 0.1～0.3 or 1.0～3.0 u/kg Intravenously Injected) 

Table I Blood Sugar Level, Assimilation Index and Liver Glycogen Content in 
Fasting Normal Dogs 

Dog No. Body Weight Blood Sugar Assimilation Index [ Liver Glycogen Content 

3 7.0kg 86四1g% 0.51 5,730皿g%

4 13.0 75 1.47 

5 8.3 82 1.42 6,080 

6 8.0 84 1.44 
7 13.0 88 1.97 4,018 

10 9.3 89 1.27 7,058 

II 10.0 78 1.62 4,588 

12 8.5 84 4,937 

15 7.5 74 1.89 1,518 

17 11.0 67 0.75 6,546 

18 8.6 63 2,650 

21 7.3 87 6,375 
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insulin were injected intravenous］γper kg in body weight, the blood sugar level 
was found to drop at the same rate as the case stated above, as BoDANSKI, ScoTT 

and SoMOGYI had already proved, reaching its lowest level 60 minutes after injection, 
but it continued to keep this low level for longer time. 0.5-2.0 were obtained if 
the assimilation index was calculated from the curve of blood sugar which was 
acquired l乃’insulintest with the injection of 2.0 units of insulin per kg in body 

weight. 

Liver glycogen content of normal dogs was 7.058 mg % in maximum and 
1.518 mg % in minimum under the state of fasting earl ~・ in the morning. (Table 
1 & Fig. 9) Almost all dogs showed 5%-7%. 

2. Insulin Test and Liver Glycogen 

in 

Totally Depancreatized Dogs 

The dogs showed hyperglycemia at once when total pancreatectomy was perfor-
med. Blood sugar level of the dogs in the early morning was controlled at a加ut
200 mg % or so, by using insulin for this hyperglγcemia. In m~r studies, the blood 
sugar in the depancreatized dogs was adjusted by the administration of 2.0 
units of insulin per kg in body weight. H~＇pogl~·cemic signs appeared in a加uta 
half out of twelve dogs which wc1℃ living for a long time. Within three weeks 
after total pancreatectomy, the depancreatized dogs seldom showed hypoglycemic 
signs bJ・thesupply of a sufficient amount of food even if 5.0 units of insulin per 
kg in body weight were given, but after 4 weeks, hypoglycemic signs were presen-
ted verγoften two hours or more after the administration of insulin. When 
h:--・poglycemia田tin, the depancreatized dogs became unconcerned about their circum-
stances or too sensitive to surroundings. The dogs, in some cases, driveled and 
barked ; moreover, convulsions took place in extremities, and in masticatory and neck 
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Fig・. 3 Blood Sugar Curves and Their Assimilation Indices after Insulin Injection in 
Totally Depancreatized Dogs at 3rd Week after Operation (Dose of Insulin: 
0.1～0.3 u/kg Intravenously Injected) 
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muscles. At this moment, blood sugar was shown to be markedly decreased. 

i) Insulin Test (Insulin 0.1 0.3 u/kg) at The 3rd 

Week after Total Pancreatectomy 

2997 

At the 3rd week after total pancreatectomy in the period when hypoglycemic 

convulsions seldom occurred, the curve of blood sugar level b~・ insulin test was very 
much di古erentfrom that of normal dogs as shown in Fig. 3. In other words, the 

level of blood sugar took much time to reach its minimum point and it was too 

slow to be back to the initial value before the injection. Therefore, the assimilation 

index was low in contrast with that of normal dogs, showing within 0.06-0.33. 

Considering from the assimilation index, the depancreatized dogs proved to be 

insensitive to insulin than normal dogs. 

ii) Insulin Test (Insulin 1.0-3.0 u/kg) at The 

3rd Week after Total Pancreatectomy 

In normal dogs, when the following two cases were compared with each other 

in insulin test, one was injected 0.1-0.3 units of insulin per kg in body weight 

and the other was injected 1.0 3.0 units of insulin per kg in body weight, there 

were no differences between the two in a descending loop of the blood sugar curve. 

But, in the case of the depancreatized dogs, I obtained somewhat di百erent

findings. 1.0-3.0 units of insulin per kg in body weight were injected intravenousl~’ 

to one group and also were injected subcutaneously to the other group at the 3rd 

week after total pancreatectomy and, the curves of the blood sugar levels were made 

respectively. These two curves were compared with that obtained by the intravenous 

injection of 0.1-0.3 units of insulin per kg of body weight. While the curves of 

the former showed a gradual dropping in both cases, they showed much lower 

values at the bottom of them than that of the latter. As shown in Fig. 4 & 5, 
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Fig-. 4 Blood Sugar Curves and Their Assimilation Indices Obtained from Totally 
Depancreatized Dogs at 3rd Wee！王 afterOperation 
(Dose of Insulin : 1.0～3.0 u/kg Intravenously Injected) 
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Fig・. 5 Blood Sugar Curves and Their Assimilation Indices Obtained from Totally 
Depancreatized Dog at 3rd Week after Operation 
(Dose of Insulin : 1.0～3.0 u/kg Subcutaneously Injected) 

their values fell down to the same points as those of normal dogs injected by either 

0.1-0.3 or 1.0 3.0 units of insulin per kg in body weight. But hypoglycemic 

symptoms were not alw何千； developed. When the group injected intr 

compared with that injected subcutaneously, their blood sugar curves showed almost 

the same attitude in both of them until they reached the lowest level, and then, 

the curve of the former showed an ascending tendency while that of the latter kept 

the lowest level for a fairlv long time. When the assimilation index was calculated 

in two groups stated above, 0.3-0.52 were obtained in the former group, and 0.26 

0.51 in the latter. These values were almost the same as these of the group which 

was given 0.1 0.3 units of insulin per kg in bod~＇ weight. In Table 2, the assimilation 
indices in each cases measured at the 3rd week after total pancreatectomy were 

shown. 

iii) Liver Glycogen at The 3rd Week after Total Pancreatectomy 

In the determination of liver glycogen contents at the 3rd week after total 

pancreatectomy, I placed much importance 

in evaluating the influenec of the amount of 

insulin given dail；.ア forthe treatment of 

diabetes. 

The dogs were divided into two groups; 

one was given a large amount of insulin 

and the other a small amount of it. In 
other words, everγda;.・ after total pancrea-

tectomy, 3.0 5.0 units of regular insulin 

per kg of body weight was injected subcu-

taneously in the i目。rmergroup and 1.0 unit日
in the latter. Between these two groups, 

there were no remarkable differences in the 

Table 2 Assimilation Indices in Totally 
Depancreatized Dogs At 3rd 
Week after Operation 

0.1～0.3u／匂 Ii.o～2.0u/kg I 1.0～2.0u／只
Intraveno田 lyI Intravenously Subcuta附四y

0お 0.52 I 0.51 

0.31 0.-12 0.46 

0.23 0.30 。目42

0.19 0.26 

0.18 
0.12 
0.077 
0.059 
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blood sugar level in the state of fasting early in the morning; and 200 mg% or so 
were kept. But the marked di百erenceswere proved in liver glycogen contents 
between them at the 3rd week after total pancreatectomy. Namely, in six dogs of 
the former group, all of them indicated the values more than 1,300 mg % and 
ranging within the physiological limits, but five dogs out of six in the latter group 
showed the much lower values, as shown in Table 3. 
On the other hand, in the experiment of OsmTANI in our clinic, it was demon-
strated that in case of the administration of high units of insulin (5.0 u/kg) the 
amount of liver fat was kept within normal limits until at least about the 3rd week 
following total pancreatectomy. Therefore, if a large amount of insulin is given, it 
回nbe said that the contents of both glycogen and fat in the liver are maintained 
in normal level until the end of the 3rd week after total pancreatectomy, and that 
the insulin sensitivity is lowered. 

iv) Comments on i), ii), and iii) 

The results of insulin test and liver glycogen determination at the 3rd week 
after total pancreatectomy were stated above. Then I tried to examine what rela-
tionships there were between liver glycogen contents and insulin sensitivit~－ at the 
same period after total pancreatectomy. With respect to insulin sensitivity, there 
could b巴田enno relationships between the group to which a large amount of insulin 
was administered and the group to which a small amount of insulin was given. 
Therefore, as shown in Table 3, there were no relationships to be mentioned between 
the insulin sensitivity and the liver glycogen contents. 
In order to measure the liver glycogen contents, it is neces回ryto perform 
surgical procedures, such as narcosis and laparotom~· ・ The group to which a large 
amount of insulin was administered showed a resistance against the surgical procedure. 

Table 3 Assimilation Indices and Liver Glycogen Contents in Groups to which High 
or Low Units of Insulin were Administered 
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In other words, this group, viz. the group which had a large amount of hepatic 

glycogen, restored its health in a short time and seemed to have a good appetite. 

On the contrary, in the group to which a small amount of insulin was administered, 

rccovcn, to its initial condition delayed and, in severe cases, the e百ectof anesthesia 

was continued for more than ten hours after the surgery. 

λt the 3rd week after total pancreatectomy, the insulin test was performed b~· 

an intravenous injection of 0.2 u/kg insulin, and, at the same time, measured the 

amount of hepatic glycogen before and after 

the test and compared these amounts with 

each other. In anoU1er words, a slice of the 

liver was picked up soon after installation 

of anesthesia and its amount of glycogen 

was measured. 120 minutes later, the same 

procedure was done and the amount of 

liver glycogen was measured. In the control 

experiments of normal dogs, the amount of 

hepatic glycogen decreased in all cases after 

the test. Contra1下 tothese experiments, in 

the totally pancrcatectomized dogs, an inc-

re出 ein liver glycogen content was recognized 

in four cases out of seven, as shown in 

Table 3 and Fig. 6 and the other 3 cases 

showed a decrease of less degree than con-

trol cases. 

v) Insulin Test after The 4th 

Postoperative ¥V eek 

After more than four weeks had elapsed 

since total pancreatectomy, I examined 

、zミ
言。300

ドJ"7,ooo 司、
暴

お
えI~』脚
E士。

－δ
 

O
干
I
l
l
l
1
＠

円
市
＠

．寸ll
l

占。

－Il
↓。

れ
引
制

shvも

占Ii，州
~e ＠ 

冗OTl>ti1.』L

1J°J.-O 

7函J山一tlふ刷ぬよi
t9~i.h d，叫ム5,&;..{j；叫

Toto.IJy 1Jllfl"'品

Fig・. 6 Decrease or Increase in Liver Glycogen 
Contents by Insulin Injection in Normal 
Dogs and Totally Depancreatized Dogs ・：LiverGlycogen Contents Before Insulin 
Injection 
O : Liver Glycogen Contents At 120 minutes 
After Insulin Injection 

2.00 

'Ci 
'3"' 
V) !DO 

~ ・2
0 30 60 110 1'6'0 240・ 

怖；rt11..i1乙

Fig・. 7 Bloocl Su具、ar（’urves Afl01・ Insulin Injection in Totally Depancreatized Dogs 
After 4th I 》＂おいperativcWeek 
I Dose of Insulin: 0.1～0.3 u/kg Intravenously injected) 



INSULIN SENSITIVITY AND LIVER GLYCOGEN 3001 

insulin test and determined liver glycogen contents. In this period, totally depanc-
r2atized dogs were apt to develop hypoglycemic signs. Liver glycogen contents were 
measured in twelve cases including two which were alive for more than two months. 
At the same time, if possible, insulin test ¥Vas performed and assimilation index was 
calculated. The hypoglycemic signs appeared in six cases out of 12 a few days 
before or after the insulin test. The curve of blood sugar by insulin test in those 
days was shown in Fig. 7 and it was almost similar to that in the 3rd week. In 
the cases in which the bypoglycemic signs were shown, their assimilation indices 
were found to be 0.14-0.43. On the other hand, in the other cases in which the 
hypoglycemic signs were not recognized, their assimilation indices were 0.07-0.32. 
Therefore, as far as assimilation index was concerned, there was no difference in 
particular between these two groups as shown in Table 4. Moreover, as shown in 
Table 5, the insulin test was performed two times, viz. before and after the 3rd 
postoperative week, on one and the same case with the results that every depancre-
atized dogs had its own stabilized assimilation index not influenced by either the 
elapse of time after the operation or occurrence of hypoglycemic signs. 

vi) Liver Glycogen after The 4th Postoperative Week 

Liver glycogen contents were 250mg%-3,300mg% after the 4th postoperative 
week as shown in Table 6 and Fig. 9 and 

Table 4 Assimilation Indices in Totally 
Depancreatized Dogs after the 
4th Postoperative Week 

Assimil抗ionIndex 

Cases with Cases without 
Hypoglycemic Sign Hypoglycemic Sign 

0.427 0.320 

0.256 0.209 

0.241 0.195 

0.136 0.106 

0.068 

Table 5 Assimilation Indices Obtained by 
Insulin Tests which Performed 
Two Times on One and the Same 
Dog 

＼＼ ーWeeki
~ II II Ill WV  VI 
Dog No.~I 

18 0.50 0.37 

77 0.16 0.40 

82 0.28 0.21 

Ml 0.50 0.45 

M3 0..15 0.35 

M4 0.10 0.11 

M7 0.31 0.42 

two・thirdsout of 12 cases showed more 
than 1,000 mg %- These values were 
within quite the same range as that which 
was shown at the 3rd postoperative week 
in those cases given a large amount of 
insulin. If treated adequately with insulin, 
long-lived dogs could keep the normal 
values of the liver glycogen showing 2,000 
mg% -3,000mg% throughout their post-
operative course, even if hypoglycemic signs 

Table 6 Liver Glycogen Content in Totally 
Depancreatized Dogs after the 4th 
Postoperative Week 

LiYer Glycogen Content 

Cases with Cases without 
Hypoglycemic Sign ' Hypoglycemic Sign 

3,3J 5mg?-o 

2,290 

2,070 

1,620 

1,380 

533 

2,018mg% 

1,556 

1,271 

1,120 

981 

233 
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sometimes occurred. Therefore, against 

invasive procedures such部 surgicalope-

rations, the depancreatized dogs had the 

qualification to be responsive nearly the 

same as the normal dogs. In these times, 

assimilation indices by insulin test were 

0.07 0.43 as I stated before showing almost 

the same values as at the 3rd week. 

Moreover, if those dogs were divided into 

two groups, the one which showed h~＇IJO­

glycemic signs and the other which did 

not show, as shown in Table 6, the liver 

glycogen contents were found to be 3,300 

mg拓 500mg in the former, and 1,600 

mgr; 200mg% in the latter. 

From the results of the above tests, 

relations between liw:r glycogen contents 

and assimilation indices were given as 

shown in Fig. 8, 9, & 10. 

As the time was passing IJ>' after 
total pancreatectomy, even if h:iγpoglsγcemic 
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Fig. 8 Assimilation Indices Obtained from 
Normal Dogs and Totally Depancrea-
tized Ones. 
O : Showing Dogs in which Hypoglycemic 
Sign Occurred 

signs were easy to develop in later periods, an>・ changes hardly could be seen in 

assimilation index (Fig. 8), and liver glsァcogencontents did not always decrease 

extremel~· (Fig. 9). Furthermore, it 1Ya日hardto find out any interrelations between 

the assimilation indices and the amounts of liver glycogen, the former having shown 

their own values in individual cases (Fig. 10). 
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Fig・. 10 Relations between Assimilation Indices and Liver Glycogen Contents in Totally 
Depancreatized Dogs 

O Showing Dogs at 3rd Postoperative Week 
e Showing Dogs After 4th Postoperative Week 

IV. DISCUSSION 
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It is generally assumed that an increase of insulin sensitivity is shown after 

total pancreatectomy. Contrary to this assumption, the insulin sensitivity was found 

to be lowered according to the calculation on assimilation index in our clinic. While 
the hypoglyアcemicsigns were seen by the administration of 2.0 units of insulin pe r 

kg in bod~ア weight after the 4th postoperative w k, the assimilation index was 

found to be lowered, thus indicating the decreased sensitivァity. How to understand 

these contradictory phenomena ? 

Insulin test is performed with the purpose to evaluate the activity of injected 

insulin which accelerates the utilization of dextrose in tissues. NoRGAARD-THAYSEN 

divided the blood sugar curve obtained by insulin injection into two parts, calling 

the downward part “Assimilation Line" and the upward part “Restoration Line.” 

This restoration line is based upon the action to restore the state of hypoglyァcemia

in the anti-insulin system. H~·poglycemic symptoms seemed to be provided not only 

by the blood sugar lowering action of insulin but rather b.¥・ the hypoglycemia-restoring 

activity. 

Although it is very natural to call it insulin-sensitive if remarkable hァpoglycemic
symptoms occur under the administration of a small amount of insulin, it must be 

admitted that the assimilation index is not alwa_¥・s increased under these circums-

tances. The words “Insulin Sensitivity" would rather mean the descending velocity of 
the blood sugar level after the injection of insulin. In to同11γdepancreatizedones in 

which hypoglycemic symptoms are recognized after the injection of a small amount 

of insulin, it could not be said that they are sensitive to insulin. but be said that 

they have not an ability to restore the hypogl.¥'Cemia. In otherworcls, they are in 

the state of hypoglycemia unresponsiveness as termed l乃’ FRASER, ALBRIGHT and 
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SMITH, and according to my study, their sensitivity to insulin was found to be 
lowered. Formerly HASEGAWA in our clinic examined the anterior pituitary of 

depancreatized dogs histologically demonstrating the hypofunction of this organ, and 

AoKI in the same clinic found the hypofunction of the adrenal cortex in these dogs. 

These data supports the conception of h~＇poglycemia unresponsiveness stated above. 

It is usually believed that the blood sugar level was mostlγregulated by the 

liver. In 1938 Sosi IN and others made an experiment and stated that when the 

level of blood sugar rose the liver took up the blood sugar making its level low; and 

when the blood sugar level dropped, the liver discharged its sugar to the blood stream 

making the blood sugar level high, and thus keeping the blood sugar at a certain 

level. Afterwards, the results of the above experiment was assured b~＇ the method 

of liver cathetelisation and application of bromsulphalein. 

In diabetes mellitus, it could be well imagined that the liver g]>'cogen (sugar 

storaged in the liver) is extinguished, because the blood sugar level is kept high and 

much sugar is excreted in the urine. In the case of total pancreatectomγ，it was 
acknowledged b~， HINSELMANN, F1sHER, LACKEY, MACLEOD, MnsuNAGA and others that 

liver glycogen could hard ！~· be found 48-72 hours after the operation. 

On the other hand, it was reported that the amount of liver glycogen was 

restored to normal state 同 theinsulin therapy. In m>・ experiment also, it was 
demonstrated that the totall>・ pancreatectomized dogs could keep the amount of liver 

gl>・cogen in normal state if they were treated with an adequate amount of insulin 

having a goJcl appetite, throughout and even after the 4th postoperative week. But 

from the results of m~· experiment, it seemed that the ability to possess the glycogen 
in the liver wa日somewhatrestricted in the totally depancreatized dogs, and was not 

quite the same as in normal dogs. 

As to the fatty liver, MACLEOD and others pointed out that its later type which 

was developed several weeks after total pancreatectomy did not fade away any longer 

even though the insulin therapy was continued, and accordingly suggested the 

decrease of liver glycogen in these cases. To the contrary, I could not admit such 
a finding as already stated above. 

Then I examined the relationships between liver gl；γcogen contents and insulin 

sensitivity. In diabetes mellitus, FORSGREN stated that insulin sensitivity was 

decreased when liver glycogen was abundant and when liver glycogen was scant~· ， 

insulin sensitivityア wasincreased. Also FALTA and UBERRAK examined the transition 

of the level of blood sugar and the amount of sugar excreted in the urine related 

to the time. They discussed sensitivity based on hypoglJ・cemic sign and stated that 

the insulin日cnsitivity was demonstratccl in its maximum when the amount of 

gl>・cogen in the liver was in minimum, in the so-called “skretorisch”（ dissimilatorisch) 

stadium. Also SosKIN and LEVINE declared, in their writings “Carbohydrate Meta加”
lism，” that if the liver l-.d>'Cogen was le出 thanusual the hypoglycemic signs were 
apt to he develop℃rl. Despite the日Copinions, I could not find out any' relationships 

between liver gl＞℃りgenand the rk¥'elopment of hypogl＞℃cmic sign. .Mor℃over, adding 

to my finding, KITANI reported that a considerable amount of glycogen was kept 
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even in the cases of hyperinsulinism. 

It was already demonstrated l乃’ HAsEGAw A that the endocrine activity of the 
pituitary gland in dogs was lowered after total pancreatectomy and that these dogs 

operated on were coming near to HoussAY’s dogs whose depancreatogenic diabetes 
mellitus was decreased in its severity by subsequent resection of the pituitary gland. 

This assumption was endorsed by the fact that the blood sugar curves of the depan-

creatized dogs obtained by the injection of insulin after the 4th postoperative week 

showed almost the same type as that of HoussA Y’s dogs. In HoussA Y’s dogs, more-
over, hypoglycemic sigHs are apt to be developed. According to the experiments of 

CHAIKOFF, GrnBs, HALTON and REICHERT, in the hypophysectomized and totally 

pancreatectomized dogs, it was demonstrated that a considerable amount of glycogen 
was kept in the liver even though the amount of fat in the liver was increased. The 

same results were also obtained in my study. 

＼.＼.アhenthe totally depancreatized dogs are treated adequatelyア withthe administ-

ration of insulin, these dogs are found to be coming near spontaneously to HoussAY’s 
dogs can be alive further keeping the amount of liver glycogen in almost the normal 

level and showing the individually definite sensitivity to insulin, even if there is a 

possibility of developing hypoglycemic shock. 

V. CONCLUSIONS 

I performed total pancreatectomy on the adult dogs, and investigated the rela-

tionships between insulin sensitivitv and liver glycogen contents following the 
postoperative course. The results are as follows; 

1) Assimilation indices of totallyァdepancreatizeddogs n℃re calculated throughout 

the postoperative course these indices were found to be lower than those of normal 

dogs showing the dropping of sensitivity to insulin. 
2) The terms “Insulin sensitivity”must be limited in its usage, onb・tomean 
the insulin action to lower the level of the blood sugar. As to the assimilation index 
obtained by insulin test, the same consideration must be taken. Therefore, in most 

of the totally depancreatized dogs, they are not sensitive to insulin, but in the state 

of hypoglycemia unresponsiveness. 

3) Hypoglycemic symptoms in the totally depancreatized dogs have no close 

relationships with insulin sensitivit~’ which is shown b；「 assimilationindex, but they 
must be discussed under the hypoglγcemia unresponsiveness and re-adjustment of the 

endocrine Syアstem.

4) The totally depancreatized dogs, in the 3rd postoperative week, keep the 

amount of liver glycogen at almost the normal level under the administration of 20 

units or more of insulin per kg in body weight, and they have a considerable 

degree of resistance against the exogenic stresses, such as surgical opration or general 
anesthesia. 

5) If treated with insulin adequately, even after the 4th postoperative week, 

the blood sugar level in totally depancreatized dogs is controlled fairlyァwelland their 

liver glycogen content is kept at almost the normal level. 
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6) Ko relationships between assimilation index and liver gl~·cogen content can 

be seen. It is suggested that the results of insulin test in totall~· depancreatized dogs 

is not simply influenced by the liver. but most｝：，ア by the postoperative internal 

environment presented bγall of the endocrine organs related to sugar metabolism. 

I am greatly indebted to Prof. Dr. Cm~ATO AllAKr and Assist. Prof. Dr. lcmo HoNJO of our 
clinic for their constant, kind guidance during the course of this studies. 
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和文抄録

勝全易リ犬に於けるインシュリン感性と

肝糖原量との関係について

京都大学医学部外科学教室第1講座（荒木千里教授指導）

八尾英一郎

勝全刻犬及ぴ人体例はp インシュリンに対し感受性

が増強しており，屡々低血糖症状を呈すると云うのが

一般の通説であった．これ対しP 当教室の河村はp イ

ンシュリン・テストを行ないp 同化率を計算し，伴全

射犬及梓全別人体例はp インシュリンに対LF むしろ

鈍感になっている事を報告した．

著者はp 搾全別犬に対しp 各種インシュリン・テス

トを行ない， インシュリン感性と，低血糖症状発現の

関係を追求した．これと同時に，血糖供給の主役を演

ずる肝糖原の変動を測定しp インシュリン感性度との

間に如何なる関係があるか検索した．

そして次の如き結果を得た．

勝全別術後p 全経過に於いてp 同化率は明らかにイ

ンシュリン鈍化と解すべき結果を得た．低血糖症状は

術後第4週目以後に於いて発来するのを認めた．この

低血糖症状の発来の有無にか、わらずp 術後経過に従

って検索しでもp インシュリン・テストによる同化率

には変化を来たす様な事はなく，被検犬はp夫々固有の

値を有している．そしてP その値と低血糖発来との聞

には，何等の関係も認める事は出来なかった．勝全易日

犬は iusulinsensitiveと云うよりp hypoglycemia 

unresponsiveness即ち低血糖l快復力の減弱を認める

のである．又このために低血糖症状を来たすのである．

又， l卒全易日犬はp 術後第3週目の経験に於いてp 高

単位インシュリン治療群（3.0～5.0単位／kg投与群）と

低単位インシュリン治療群（1.0単位／kg投与群）とを比

較すると，前者は一般に肝糖原量が多く，正常値に保

持されている．これに対しP 低単位投与群はp EJ成り

低値を示す．更に，術後第4週間に至るもp 適度のイ

ンシュリン療法（2.0単位／kg投与）と，食思が充分に

保たれるならばp たとえ低血糖症状を発来するにして

'i:J，正常値近くに肝糖原は保持されている．これも麻

酔・開腹等の外来性の侵襲に対し，正常犬とほ f等し

い抵抗を示す．

最後にp 肝糖原量と同化率との関係をみるとp この

両者間には一定の関係を見出す事は困難である．即ち

醇全刻犬のインシュリン・テストの成績はp 単に肝の

影響を受ける以上にp 伴全刻の各内分泌系の作用に支

配される事がうかがわれる．


