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I. INTRODUCTION 

997 

Since 1入TENDELfirst succeeded in right hepatic lohectomy in 1910, many reports have 

appeared on major hepatectomy. Mean while, the use of antibiotics and the progress in 

blood transfusions and anesthesia, especially hypothermia, have increased the amount of 

liver which can be removed. Thus, major hepatectomy has reached the stage of being 

clinically feasible, at least in regard to the technical aspecお．

However, the clinic泡lprognosis is often poor and the mortality rate after major 

hepatectomy is still high. Of course, some patients die of recurrence of the malignant 

tumor, but those who die soon after operation have usually succumbed to functional failure 

of the residual liver. 

Even though the residual liver is healthy before operation, it fails to function normally 

for some time after operation, and a residual liver with some pathological condition such 

as cirrhosis, will of course show more marked functional failure. 

In either四se, after major hepatectomy, the degree of recovery of function and of 

regeneration of the residual liver strongly influences the prognosis. Even though the liver 

has a good ability to regenerate and to compensate, all possible external aid should be 

given to facilitate progress from the degenerative to the regenerative period after operation. 

Therefore, major hepatectomy was done experimentally in rabbits and infusion of 

several solutions were tested postoperatively mainly from the standpoint of carbohydrate 

metabolism. The residual liver was found to regenerate best when infusions of fructose 

solution were given following major hepatectomy. 

II. EXPERIMENTAL MATERIALS AND EXPERIMENTAL METHODS 

Healthy rabbits weighing 1.6～2.3 kg were used as experimental animals, since in this 

animal major hepatectomy can be performed easily without much stress because of the 

favourable anatomic conditions, and frequent blood-drawing and i. v. infusions can be done 

easily via the auricular veins. Moreover, rabbits are large enough so that the blood volume 

required for biochemical examinations can be withdrawn without adverse efforts. 

The rabbit liver is mainly made up of 4 lobes : left anterior, left posterior, right 

anterior and right posterior. Their sizes are : left posterior lobe> left anterior lobe・ーright

anterior lobe> right posterior lobe. The left posterior lo he, left anterior lobe and right 

anterior lobe cover up the stomach from above forward. This morphology and location 

of the liver are favourable for the operation. 
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Because the object of the pr田entstudy was to comp訂ethe course after major 

hepatectomy, all operations were performed under the same conditions. Operations were 

performed in spring and autumn in order to avoid extremes of temperature. The diet 

consisted of about 200 g of vegetables and about 150 g of bean-curd refuse per day for 3 

days and was stopped about 10 hours before the operation. 

The anesthesia was light enough so that the animals moved their legs slightly during 

the operation. For anesthesia, intraperitoneal or intravenous pentobarbital sodium solution 

was tried first, but the animals never awakened and died 3～4 hours after the operation 
without any gross evidence at autopsy of complications such as postoperative bleeding. 

The四 useof death was apparently accumulation of pentobarbital, which is usually hydro-

lysed mainly in the liver ‘major hepatectomy presumably slows hydrolysis by reducing the 

volume of the liver. Next, ether by insufflation was tried, but although the animals 

awakened from the anesthesia, their condition deteriorated, and they died 3～4 hours after 
the operation. Thus, ether also appears to be contraindicated when there is extreme dys-

function of the liver. 

Finally, fluothane anesthesia was used, since this is believed to回 usesmooth introduc-

tion and awakening and minimal liver damage. The animals awakened smoothly from 

the anesthesia and none of them died within 4 hours after the operation. Therefore, 

fluothane was used in these experiments. 

The Method of Operation 

The operative field was disinfected and penicillin (150,000 units) was injected in-

tramuscularly. Then a median incision was made in the epigastrium, and mattress-sutures 

were placed at the hilus of the left anterior lobe and the right anterior lobe and the central 

portion of the left posterior lobe. Then lobectomy was performed, and the cut surface 

of the liver was covered with great omentum in order to prevent intestinal adhesions. 
The incision was always closed by sutures in two layers. 

In order to compare the postoperative courses, one must always resect the same 

amount of liver. Many studies performed to determine the limits of resectability of the 

liver have shown that in healthy experimental animals 65～85 % hepatectomy is the upper 
limit. However, soon after the operation, slight dysfunction of the residual liver has been 

noted even after only 20 % hepatectomy, and marked dysfunction after 50拓 hepatectomy.ー
In the present study, 60～70 % hepatectomy was used. 
In calculating the percentage of hepatectomy, the author estimated roughly the weight 

of the whole liver from the body-weight of the animal by means of the formula introduced 

by YAMADA: 

Y=30.2 (X-24.5）十73.4

Y weight of whole liver ( g ) 
X : body weight (kg) 

(in rabbits weighing 1.5～3.4 kg) 
During operation the ratio of resected liver to the weight of the whole liver was deter-

mined, and if this was too low, more liver was resected. Thus the percentage of hepa-
tectomy was fairly uniform. 

After the operation, some rabbits were used as controls and received no infusion at 
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all, and the others were divided into 6 groups: 1) infused with 10 % crystal amino acid 
solution, 2) infused with 50 % glucose solution, 3) infused with 50 % glucose solution十
insulin, 4) infused with 20 % glucose solution+ insulin, 5) infused with 5 % glucose solu-
tion a!'ld 6) infused with 5 % fructose sollution. 
The infusion of回 chsolution was begun 2～5 hours after the operation and repeated 

every 12 ID.ours until the animals died or began to eat spontaneously. Vit. B complex and 

Vit. C were given with田chinfusion and the volume of each infusion was 10 cc per kg 

of body-weight. The solution was infused as slowly as possible (15 minutes per 20 cc of 

solution) via an ear vein. The insulin dose was 0.1 units per kg of body-weight and it 

was injected intramuscularly immediately before the infusion of the glucose solution. 

The rate of survival in each group, blood biochemistry, rate of regeneration of the 

residual liver and its glycogen and protein content and histological findings were determined. 

Aaimals in which autopsy revealed postoperative bleeding, ileus, peritonitis etc. were 

ex ch』dedfrom the calculation of the survival rate. 

Blood glucose was measured by FoLIN-Wu’s method, serum albumin by YosHIKA w A-
SAITO’s method and liver function by Brom-Sulphalein (B. S. P.) retention and thymol-
turbidity test (T. T. T.) . 
The rate of regeneration of the residual liver was calculated by the method proposed 

by JsH~GURO, 
_cー（A-B)

rat疋ofregeneration- A ×100 % 

A : weight of whole liver before operation 

B : amount of excised liver 

C: amounセofresidual liver 
(When the rat廷 ofregeneration equals the rate of hepatectomy, 

the residua1 liver has b田nr田tor吋 toits preoperative weight.) 

The glycogen cont疋ntof the residual liver was determined by heating a fresh slice of 

liver and hydrolysing it with H2S04－叩lution(glycogen→glucose) ; then this glucose was 

m鮒 131'ed'by Fow←Wu’s method. 0.927 times the amount of this glucose equals the 
amount of glycogen in that slice of liver. 

The protein content of the residual liver was measured by KJELDAHL’s method. 
fu the histologieaI examination of the residual liver, hematoxylin-eosin, Sudan III and 

PAS stains were used. 

III. EXPERIMENTAL RESULTS 

( 1 ) Survival rate 

Only one of the 12 controls lived for more than a month, but then gradually became 

emaciated and died about 4 and a half months after the operation. Of the 17 rabbits 

infused w.ith 5 % fructose solution 9 rabbits survived for more than a month ; then one 
died of diarrhea 40 days after the operation and another died of ileus due to adhesion 3 

months after the operation. The other 7 rabbits all had good appetit白 andwere healthy 

~ntil they were sacrificed 6 months after the operation. Since the rabbits that survived 
！日rmore than a month were already free of the direct influence of major hepa使ctomy,

It 慨msfeasible to comw紅e0£ survival rates one month after the hepatectomy. 
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Table 1. Survival rate in each group 

宮ro11p

Control 

10°; amino acid group 

50°0 glucose group 

50°0巨lucose+insulin group 

20°0 gluco哩＋insulingroup 

50占glucosegroup 

5% fructose group 

巨roup

Control 

5°0宮luco間宮roup

5°0 fructo噌 group

Other groups 

Table 2. 

! total numher 
I of rabbit公

12 

15 

17 

17 

over 11 d川吋

8.3°0 

0 

0 

0 

0 

33.3 

70.6 

仁川If問問。nafter operation 

日1rvivalrate 

｜叩 onemonth 

I s.3% 

I o 
I o 
: 0 
I 0 

I 26.7 
52.9 

number surviving in each period 

I 24～48 I 48～72 ! 4～IO I 11～29 I 24 hours I , , I I over one month I hours 1 I 

6 i 2 I 3 o o 1 1 

3 i 2 I 3 ' 2 I 4 

ll 3111  0 3!  9 

91  711'  Oi  O!  0 

As is shown in Table 1, the survival rate was highest in the group infused with 

5 % fructose solution, in which the majority survived for more than a month, followed 

by the group infused with 5 % glucose solution. All rabbits in the other groups died 

within 72 hours after the operation. 

Infusions were given every 12 hours and rabbits dying within 72 hours after the 

operation never ate spontaneously, but those which survived longer than 72 hours began 

to eat a little on about the third day and ate a regular diet on the 4th or 5th day, at 

which time the infusions were discontinued. In these rabbits, the total volume of infused 

solution was 70～80 cc per l培 ofbody-weight. 

( 2 ) Results of biochemical examination of blood. 

In healthy rabbits, the blood glucose level is 110～120 mg/dl (BANG) and the serum 

albumin level is 5.51ε／dl (DUKES). 

Table 3. Blood glucose and間mmalbumin level只ofcontrols after the operation ( avemge) 

time after the opぞration

blwd glucose 

問 mmalbum111 

一j一一！？トc》llf円宗 I 30 hours ] 50 h 川 I r 只！吋r11I←叩11 i -~一7
3.14 g／仁JI 3.29 g／【II I 3.25 g/dl 

80 hour只

40 mg/dl 

3.30 g/dl 

The controls showed marked hypoglycemia and hypoalbuminemia soon after the opera-

tion (Tai】le3). 

On the contrary, in the rabbits infused with 5 %εlucose or fructose solution, as is 

shown in Tables 4 and 5, the blood glucose levels returned promptly to normal, more 
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Table 4. Bl川沿日lucoseand司rumalhumin levels of group info噌dwith 5% glucose solution (average) 

~同制all 3 clav吋 ｜ 7如、 ! 14山川 I 21 c1"'"' 
町~~i －～～斗 l ' I 

blood gluco肥＼ 92 mg/di j 131 mg/di ' 103 mg/di ¥ - ¥ 

serum albumin I 2.78 g/dl i 3.24 g/dl 3.20 g/dl I 3お g/dt I 

28 chi、、 60 d.1、、

i
 
f
 
，，，l
 

ρ
h
 

一

幻qu 
4.88 g/dl 

Table 5. Blood glucose and配rumalhumin levels of group infu≪ed with 5°" fructose '<1l11t11111 r川町i日刊

~~ 3da刊 7 days 14 dav' 21《hi、、 28《la、、 60 rb、は

blood gluco世｜ 116 mg/di 159 mg/di 102 mg/di 

町四malbumin 3.23 g/dl 3.17 g/dl 3.18 g/dl 3.47 g/dl 3.12 g/dl 1.35 g/dl 

rapidly in those receivinε5 % fructose solution. The results of liver function test were 
also better in the εroup infused with 5 % fructose solution. But in hath groups serum 
albumin levels returned to normal very slowly, indicating, as many workers have stated 

recently, that protein must be supplied at the same time. 

Table 6. Liver function SJ川nafter operation （間口mdd川 jin group infused 

with 5 % glucose or fructose solution ( "vPragP J 

te日t
group 一一一一ー一一一｜
5 % glue悦 group I 12.5% 

5 % fructose group 0 

B. S. P. test T. T. T 

2 Ulllト

2 units 

For the B. S. P. test, Hepatosulphalein solution was injected in a dose of 5 mg per 
kg of body-weight into a vein of the ear and after 45 minutes hlood was drawn from a 

vein of the other ear. 

( 3) Regeneration of the residual liver in rabhits infused with 5 % glucose or fruc-
tose solution. 

Table 7. Rate of regeneration of the residual liver in group infu苛dwith 5°・0 gl11c<1'l" Y1l11t1<Jn lav肝ι1gr-1

day、afteroperation 2 3 15 <1ver 90 

rate of re日enerat1on 8.3＂ム 23.5°占 4Y 4°0 81.3°0 

Table 8. Rate of regeneration of the residual liver in group infused with 5% frucl＜川 solutionf川 fr:cgr・' 

【lay'after operation 2 3 22 28 リVぞr90 

悶teof regenernt10n 19.5°ρ 43.8°0 52.9°0 60.4% 72.1°0 

The rate of re只enerationof the residual liver soon after operation, a只 l九 shownin 

Tables 7 and 8, was higher in the 5 % fructose than in the 5 %符lucoseinfused group, 
but 15～22 clays after the operation there was no significant difference between the two 
groups. 

Thus, the infusion of 5 % fructose solution affects T昭enerationmost favorahly soon 
after operation when the function of the liver is most di、1urhげ Iand dw mortality r;11t・ I弓
the highest. 
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Fig. 1 Normal liver of rabbits Fig. 2 60% excised liver; 143th day after ope-
ration, rate of regeneration 68.3% 

As illustrated in Figs. 1 and 2, regeneration of the residual liver progressed best in 

the right posterior lo七e,which had not teen exciH:d at all, wherrns the loi:::Es which had 

been excised partially (for instance, the left posterior lobe) showed almost no change in 

size. 

( 4 ) Glycogen content of the residual liver in rabbits infused with 5 % gluco~ or 
fructose solution. 

Table 9. Glycogen content of the residual liver (per g) in group infused 
with 5ヲ6gluccse or fructose solution (average) 

days after operation 

5 % glucose group 

5% fructo開 group

2 

1 s.o略
I 21.0略

15 22 

40.0mg 

1 !5.2mg 

The glycogen content of the liver in healthy rabbits averages 84.9 mg per g of liver. 

As is shown in Table 9, after major hepatectomy the glycogen content of the residual 

liver decreased markedly, but soon after the operation the group infused with 5 % fructose 
solution maintained a much higher liver glycogen content than the group infused with 5% 
glucose solution. 

( 5 ) Protein content of the residual liver in rabbits infused with 5 % glucose or 
fructose solution. 

Table 10. Protein content of the residual liver (per g) in group infused 
with 5 % glucose or fructos沼田lution(av町age)

days a加叩ration J 2 J 3 I 15 J 22 I 28 J over 90 

5% gluco田 group I 191.0mg I I 90.6略 I 192.6mg I 一 I - I 1s2.6略
5 % fructose group I 197.6略 I 196.smg I 一 I 199.9mg I 184.9略 I 194.1略

The protein content of the liver in healthy rabbits averages 191.4 mg per g 0f liver. 

As is shown in Table 10, the protein content of the residual liver remained normal 

in both groups. 





Figure 3 

H. E. s凶in,5% glucose group, second 

day after operation x 400 

Figure 5 

H. E. stain, 5% fructose group, 22th 

day after operation x 400 

Figure 7 

Sudan JII stain, 5% fructo田 group,third 

day after operation x I 00 

Figure 9 

PAS stain, 5劣 fructosegroup, third 
day after operation x 100 

Figure 4 

H. E. stain, 5% fructose group，田cond

day after operation x 400 

Figure 6 

Sudan ill stain, 5% glucose group, third 

day after operation x 100 

Figure 8 

PAS stain, 5% glucose group, third day 

after operation x 100 

Figure 10 

PAS stain, 59五 fructosegroup, 28th 
day after operation x 100 
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infused groups liver in the Histological findings in the residual 

glucose or fructose solution. 

Hematoxylin-eosin stain 

( 6) 

Table 11. Hematoxylin-eosin stained specimens of the residual liver 

in group infused with 5 % glucose solution 

15 

十

件～＋

＋ 

degree of vacuolar degeneration 

degree of collapse of nuclei 

irregularity of cell columns 

degree of mitosis 

days after operation 

Table 12. Hematoxylin-eo剖nstained specimens of the residual liver 

in group infused with 5 % fructose solution 

28 

土

22 

一
土
土
H
廿

3

一
土
＋
＋
＋

2

一
＋

＋

＋

土

days after operation 

degr町 ofvacuolar degeneration 

deg悶 ofcollapse of nuclei 

irregularity of cell columns 

degr問。fmitosis ＋ 

As is shown in Tables 11 and 12, signs of degeneration wereらeenin both groups 

after the operation ; large and small vacuoles in the cytoplasma and collapsed or obscure 

nuclei. The liver cell columns were irregular and partly collapsed. Of course, these signs 

of degeneration were severe soon after the operation and gradually decreased. Next, 

mitosis became evident and signs of regeneration were conspicuous. The 5 % fructose 
group showed less severe signs of degeneration and smoother and more rapid regeneration 

than the 5 % glucose group (Figs. 3, 4 and 5) . 
ii) Sudan III stain 

15 

Sudan III stain of the residual liver in group infused with 5 % gluco世 solution

4 

＋ 

3 

＋（※） 

I pe叩heral zone of 
! acmus～ GLISSON s 
I capsule 

m田tlysi:J「「s州
diffuse 

柵

よ ＿！＿ays＿士一…
l 

Table 13. 

location 

l 28マー
土（※） 土（※）

peripheral zone of , peripheral zo慨 of

acinus～GLISSON°出 iacinus～GLISSON’s 

capsule ' capsule 

I small ¥ 111<>sl 

Table 14. Sudan III stain of the residual liver in group infused with 

上~~f民roperation I 2 I 3 
quant町 I + I + I 

I maト ntermed附
I zone of acinus 

5 % fructose solution 

22 

! mootly small 

central～ 

intermediate zone 

of acinus 

I small 

location 

size 

I 2 I 

｜柵 1

I cent al～ 
zone of acmus I zone of“瓜、inu沿

I mostly small 

陥

w
“ω
－a内E
muuw勾
i
h
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As is shown in Tables 13 and 14, fatty degeneration was noted, with fat droplets 
present up to the central zone of the liver acinus. Degeneration was marked in the 5 % 
glucose group, especially on the second and third days after the operation, but was very 
mild in the 5 % fructose group (Figs. 6 and 7) . 
In the cas巳Smarked （狩） in Tables 13 and 14, the fat droplets seen in the periphery 

of liver acini or GussoN・s capsule appear to be physiological and not due to degeneration. 
iii) PAS stain 

Table 15. PAS >lam of the re:,idual liver in group infused with 5 % glucose solution 

; 《！.＂・＇ after operntio 2 3 4 15 

、
－
 
t
 
v
 

B
 
白‘t
 
l
 ‘
 

＋ 士 ＋ 山叩

－UU4
A
5
ご
出
l叩at10日 mainly central 

I zone of acinus 

、Ii日htl)central川 nc central zone of i al n叩邑tC【》『n 忙I}' 
; diffus e i of acmus , ucmus 

Table 16. PA~づ stain of the re:,idual liver in group infused with 5 % fructose solution 

J《l川 山川町a川 2 3 i 

ι 'I山口t町 （ 掛 ： 特 I 
';!_L －一一一一i 1 ・-・ －，－一
己 ； central～intermediate! I [ lll<>Sti、diffu:,e I 
~ j J zone of acinus j j 

28 

(full) 

diffuse diffu担

As is shown in Tables 15 and 16, after major hepatectomy in the 5 % glucose 
group, there was a marked decrease of glycogen in the residual liver but in the 5 % 
fructose group the amount of glycogen in the residual liver remained fairly high even on 
the second or third days after the operation. In both groups the glycogen content of the 
residual liver had returned to normal by the 22th <lay after the operation (Figs. 8, 9 and 
10). 

IV. SUMMARY AND DISCUSSION 

In 1918 SuENAGA reported the changes occurring in rabbits after experimental hepa-
tectomy, and in 1929 F1scHERFACH and others reported that after 70 % hepatectorny the 
residual liver of rats returned to its preoperative weight within about 2 weeks and that 
of dogs within about 5 weeks ; this demonstration that even if a fairly amount of liver 
is excised, the residual liver can regenerate rapidly, has been generally accepted. 
However, SHIMURA and others have shown that the prognosis after major hepatectomy 

depends on the degree of restoration of function of the residual liver and of the regenera-
tion of the residual liver (Of course, operative techr1ique and complications are also im-
portant.). 

According to SHIMURA, LIN, Mc DERMOTT and others, there is temporary dysfunc-
tion of the residual liver after major hepatectomy, as evidenced by elevation of serum 
bilirubin, C. C F., T. T. T., B. S. P. retention and alkaline phosphatase activity, along 
with a marked lowering of the serum protein, especially serum albumin, and blood glucose 
levels. Moreover, HoNJO, MIKAMI, OKUMURA and DRAPANAS reported a marked elevation 
of B. ::i. P. rヒtention,and lowering of blood glucose and serum protein levels soon after 
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major hepatectomy in rabbits or dogs. The B. S. P. and serum protein level returned to 
normal in about 4 weeks and the blood glucose level in 1 to 2 weeks after operation. 

The histological findings in the residual livers after major hepatectomy were those of 

degeneration, such as ・irregularity or rupture of the cell columns, vacuolar degeneration, 

collapse of the nuclei, fatty degeneration and marked decrease of glycogen. These were 

followed by signs of gradual recovery, then proliferation and finally a normal appearance. 

If this dysfunction and degeneration in the residual liver after operation印 nbe re-
duced and regeneration can be stimulated, a better prognosis国nbe achieved. 

Previous reports on nutritional management after major hepatectomy have emphasized 

the neαssity of improving protein metabolism and have tended to neglect carbohydrate 

metabolism. 

Therefore, the present study deals mainly with carbohydrate metabolism in an effort 

to lower the great mortality after major hepatectomy. 

After major hepatectomy, the control animals, which received no infusions at all after 
the operation, had a one month survival rate of only 8.3 %, and severe hypoglycemia and 
hypoalbuminemia were noted soon after the operation. It appeared that although glyco-

genolysis in the liver was greatly accelerated by the operation, the insufficient nutritional 

supply after the operation resulted in severe hypoglycemia. 

Moreover, since albumin is synthesized only in the liver, the severe hepatic 向寸unc-
tion and decr回seof liver volume after major hepatectomy cause, on the one hand, a marked 

decrease in the ability to synthesize albumin and, on the other hand, a rapid breakdown 

of protein by the operative stress, which are reflected in the severe hypoalbuminemia noted 
after major hepatectomy. 

Of仁ourse,since the controls received no infusions at all, extreme dehydration was 

also present, which hastened death in the controls. 

As mentioned already, after major hepatectomy, even if carbohydrate and water are 

supplied by infusions of 5 % fructose or 5 % glucose solution, severe hypoalbuminemia is 
still present. So, protein must also be supplied. 

However, in the group infused with 10 % crystal amino acid solution, the survival 
rate was Hot improved at all. Many studies have been made on the infusion of amino 

acid solution. BROUNE and others are of the opinion that in the catabolic phase the in-

fusion of amino acid solution is seldom effective and may indeed damage the kidney ; on 

the other hand, there have been a few reports that the infusion of amino acid solution 

greatly shortens the catabolic phase. In either case, because the ability to synthesize albu-

min from amino acids is low when there is marked dysfunction of the liver, and because 

of the great decrease in the volume of the liver, as mentioned by FLOCK and 0BARA, the 
infusion of amino acid solution is not helpful af民rmajor hepatectomy. 

Therefore, it seems more rational to supply protein directly as serum albumin or 

plasmanate composed mainly of albumin. Though supplementation of protein is important 

for the regeneration of the liver as mentioned by DAVIS, GuRD and DENTON and for the 

restoration of body-weight after surgery as described by KINOSHITA, it would seem to be 

more effective during the anabolic phase and even when given in the form of protein 

soon after operation, it may not lower the mortality rate. Therefore, the present study 

concentrated on the significance of carbohydrate supplementation soon after major hepa-
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tectomy. 

As was noted in the controls, severe hypoglycemia occurred ,right .after major ;he~a­

tectomy. Therefore, infusion of 50 % glucose solution was first attempted, with the .thought 
that it might be better to supply enough calories at the same time. But，出isdid not im-

prove the survival rate at all, perhaps because the decrease in total volume of the liver 

and the dysfunction of the liver resulted in excessive hypぽg1yoemia. Therefore, insulin 

was injected intramuscularly along with infusion of 50 % glucose solution, but still there 
was no increasing the survival rate. 

Insulin plus the infusion of 20 % glucose solution was also ineffective in reducing 
the mortality rate after major hepatectomy. 

In the next group, isotonic 5 % glucose solution was infused. The survival rate 
increased and the survivors began to eat spontaneously about 3 days after the o戸ration.

The blood glucose level in these survivors was already almost normal (92 mg/dl) on the 
third day after the operation and the one month survival rate was 26.7 %. 
Recently the differences between fructose and glucose metabolism have attracted atteN-

tion and it is said that fructose is more effective than glucose in stimulating the production 

of pyruvic acid in the liver and therefore that it is metabolized more promptly and smoothly 

and with a greater production of energy which then leads to a gFeater production of gly-

cogen. In fact, according to CoRr, when fructose is given, 3 times as much glycogen 

may be produced in the liver as when the same volume of glucose is given. Moreover:, 

EPPINGER and others demonstrated that fructose has a greater protein四sparingaction than 

glucose, and LAMPRECHT and others showed that fructose can be metabolized without ;the 

influence of insulin. Recently it has been recognized that fructose has a s七rongerantidσtal 

action in the liver than glucose. KOBAYASHI showed that the more the liver was damaged, 

the greater was the antidotal action of fructose. Therefore, the effect of infusi0ns of 5 % 
fructose solution after major hepatectomy was next investigated. 

The group infused with 5 % fructose solution had a mw.ch higher survival rate than 
lhe group infused with 5 % glucose solution, and the numh主rof survivors living for a 
long period increased extremely. The blood glucose level was ah:εady normal on the third 

day after hepatectomy. The B. S. P. test was normal on the second day, aboliTt 33 hours, 
after the operation. IKUSHIMA reported that infusions of glucose promote the abiliity ・of 

the liver to excrete B. S. P., but this ability is promoted even more by infusions of 
fructose. 

In the 5 % fructose group, regeneration of the residual liver proceeded about twice 
as fast as in the 5 % glucose group soon after the operation. 
Histological examination of hematoxylin-eosin stained specimens s1iowed less degenera-

tion in the fructose group than in the glucose group and a more rapid transinion to the 
regeneration period. 

The glycogen content of the residual liver was larger soon after the operation .in the 

fructose group than in the glucose group. This tendency was also noted in the PAS 

stained material, which showed that the production of glycogen began in the central zone 
of the liver acinus. 

IKusHIMA and OKAZAKI examined normal liver of rabbits and OKAZAKI also studied 

livers damaged with CC14 or P, and they demonstrated that the production of glycogen 
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is greater with fructose than with glucose administration. Fructose is still more叶fective

than glucose when liver damage is severe. Therefore, it is especially necessary to give 

fructose when the liver is damaged ; the present study confirmed this fact well. 

Hematoxylin-eosin and Sudan III stains showed degeneration in both fructose and 

glucose groups, but in fructose group, degeneration was slight and the tendency to move 

promptly to the regenerative process was greater than in the glucose group. In the glucose 

group, fatty liver occurred soon after the operation but it was seldom seen in the fructose 

group. These findings show distinctly that fructose is utilized effectively even when the 

function of the liver is greatly decreased as after major hepatectomy and that glucose can 

be utilized much less readily. 

In this connection, the results of experiments with C1仁labeledfatty acids are of in-

ter1白t. They show that when carbohydrate metabolism is disturbed, fat is not stored as 

dep6t fat at all but accumulates in parenchymal organs. Then, when carbohydrate meta-

bolism improves, surplus fat moves rapidly into the normal dept'its and only the required 

quantity of fat moves into parenchymal organs and is used there. 

These experimental results show that after major hepatectomy infusion of fructose 

solution is very effective-much more so than that of glucose solution-in reducing mor-

tality and morbidity soon after the operation which was a great cause of death after major 

hepatectomy in the past. 

V. CONCLUSION 

These experiments were designed to lower the mortality rate soon after major hepa-

t配的mymainly by improving carbohydrate metabolism. 

The results lead to the following conclusions : 

1) In order to reduce the mortality soon after the operation which was a great 

cause of death after major hepatectomy, it is most important to infuse 5 % fructose solu-
tion and thus to improve carbohydrate metabolism and liver function. 

2) When there is severe dysfunction of the liver as after major hepatectomy，回rbo・

hydrate metabolism and liver function can not be restored rapidly enough by the infusion 

of glucose solution. 

3) Improvement of carbohydrate metabolism and liver function soon after the opera-

tion reduces the degeneration after major hepatectomy as much as possible and promotes 

prompt and smooth regeneration. 

4) Since the fatty liver occurring soon after major hepatectomy is secondly to dis-

turbed carbohydrate metabolism, the improvement of carbohydrate metabolism may prevent 

fatty liver. 

5) After major hepatectomy, of course supplementation with protein is also indispensa-

ble, but immediately after operation the improvement of carbohydrate metabolism is of 

primary importance. 

I should like to expre田 mysincerest gratitude to Dr. Y. HIKASA, assistant profeS>ur of our clinic, for h1, 
helpful suggestions and kind guidance throughout the present study. 
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和文抄録

肝広汎切除の術後対策に関する研究

京都大学医学部外科学教室第2講座（指導木村忠司教授）

難 波 泰 雄

肝広汎切除直後の死亡率を軽減せしめるためには如 2) 肝広汎切除時のような著しい肝機能低下のある

何なる対策を講ずべきかを，主として糖代謝の面より 場合にはp プドウ糖液の輸注ではp 術直後の充分な糖

検討した．即ち，実験的に家兎を用いて60～70%の肝 代謝の改善p 肝機能の改善は望み得ない．

広汎切除を行ないp 術直後よりアミノ酸液p 高張プド 3J 術直後の糖代謝の改善，肝機能の改善は，肝広

ウ瀦液＇ 5%ブドウ糖液及び 5%果糖液等を夫々単独 汎切除後の退行性変性を可及的に軽減しp より速やか

に輸注せる群を作製し，各群の生存率，血液生化学的 且つ円滑に再生機能を営ましめることになる．

性状p肝機能及び残存肝の組織像等について比較検討 4) 肝広汎切除直後の脂肪肝は，糖代謝の障碍に基

を行ない，次のような結論に達した． く二次的のものであり p 従って糖代謝の改善により p

I）肝広汎切除時の大きな死亡の原因となった術直 自ら之の発来は防止される．

後の死亡率を軽減せしめるためには＇ 5 %果糖液の輸 5) 肝広汎切除に際して（；）：，蛋白質の補給も亦必

注を行ないp糖代謝の改善を，ひいては肝機能の改善 要p 不可欠なことは，いうまでもないがp まず術直後

を図ることが最も大切である． には，糖代謝の改善が第一義的意義を有する．


