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I. INTRODUCTION 
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Rapid advances in the field of surgery depend not only upon improvement in oper-

ative technique, anesthesia and excellent antibiotics, but also upon reform of nutritional 

management. By means of adequate administration of various nutriments (protein, 

carbohydrate, vitamins and salts), indications for operation have been extended markedly 

and the majority of postoperative complications has been prevented. Accordingly, recovery 

of surgical patients and healing of operative wound have been accelerated. However, 

clinical detailed investigations on pre-and post-operative administration of fat, which is a 

high caloric nutriment, have been hardly performed. Rather surgical patients have not 

been habitually supplied fat as a caloric source. 

Recently it has been clarified that fat, especially essential fatty acids, have an impor-

tant nutritional effect, and administration of it has been given attention. 

HIKASA and his co-workers have succeeded in the production of a fat emulsion 
which can be infused intravenously.'l12l''l1015l'oJ Using this fat emulsion they have inves-

tigated the metabolic process of fat in vivo and applied it to surgical cases with satisfac-
tory results. 9l"3J 

In surgical cases we must consider the following facts : 
The majority of surgical patients is in a state of malnutrition, which must be 

corrected prior to operation, and they are destined to receive insults such as anesthesia or 

operation. Furthermore they are obliged to restrict their oral intake of diet for some 

period before and after operation. So it is a most important problem to investigate 
whether the administration of fat is effective or not in these surgical patients. ROBERTS, 
SAMUELSり川33J3nand HANAFUSA・JJ asserted that high fat diet must be adequately given to 

the patients who would be operated or they will be starved. MATSUDA,"'" who examined 
the liver glycogen level in starved rats, agrees with them. 

Nowadays it has been clarified that glycerides, both absorbed from the intestine and 

mobilized from d句otfat are converted to phospholipids, which are transferred into the 
tissue cells in the form of α－ and 13-lipoprotein. These phospholipids play an important 
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role as a constant and variable element of tissue cells. FUJINa8> studied the influence of 

anesthesia on the first step of fat metabolism from the view-point of phospholipid forma-

tion. In this paper the influence of operation on phospholipid formation and fat adaptatio~ 
effect, which was obtained by preoperative administration of fat emulsion, were reported 

by the use of radioactive P3". Namely, it was investigated, whether pre-and post-

operative administration of fat to surgical patients is e妊ectiveor not. 

JI. MATERIALS AND METHODS 

1) Experimental animals. Healthy adult dogs weighing approximately lOkg were 

used in this study. They were placed on a standard diet for one week prior to operation, 

the composition of which is listed in Table 1. On the day of operation and the !st day 

after operation, they were fasted. On the 2nd day after operation 1/5 dose of the 

standard diet was given and it gradually increased to the whole quantity on the 6th day 

after operation. As the surgical procedure, gastrectomy (Billroth I) was performed under 
intravenous anesthesia with a 2.5% solution of Ravonal. At the onset of the experiment 

the dogs were in the so-called post-absorptive state in which the fat contained in the diet 

was not absorbed from the intestine and mobilization of depot fat had not yet occurred. 

Diet 

Table 1 Di陀ton the dogs which received gastr町 tomy 

↓gastrectomy 
ー7-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 

S. D. 

S.D.I s.o.i s.o.I S.D. 
fasting I x I x i x I x 
1/5 I 2/5 I 3/5 [ 4/5 

S. D. : standard diet rice 17gr (60 Cal) per Kg. b. w. 
fish me沼I4gr ( 10 Cal) グ

water 40cc グ

water 40cc 

10 14 

S. D. 

* 2) Radioactive phosphorus : Radioactive phosphorus in the form of Na2HP04 was 

injected in the gluteal muscles of experimental animals in a dose of 0.5 me per kg of 

body weight. 

3) Fat emulsion: A 20% sesame oil emulsion, produced in our laboratory, was 
used. This emulsion contains various higher fatty acids in the form of mixed glycerides. 

Fat emulsion 

inf used group 

control group 

Table 2 Drugs for intravenous administration 

20% Fat emulsion (containing 7 % glucose) 2cc per kg b. w. 
5 % glucose ,,,Jution 8cc ,, 

Ringer、solution IO cc ，， 
Vitaminゾ
一 一 一 一 一 一一一
i ?-n g I ucose sol u t10n 
5?6 glL1cose solution 
Ringer’s s<>lut1《旧

2cc 

Bee 

lOec 

// 

，， 
グ

本 Vitamins Vitamin B1 IOmg 
Vitamin & 30mg 

Vitamin B2 lOmg 
Vitamin C 100皿g
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In the fat infused group, this fat emulsion was administered repeatedly in a dose of 2 cc 

per kg of body weight with carbohydrates, saltS and vitamins simultaneously (as shown 

in Table 2) for one week prior to operation. In the experiment for the measurement of 

phospholipid formation from glycerides, we used a single infusion of 5cc per kg of body 

weight of this emulsion 3 hours after the injection of P12. 

4) Collection of serum: After the administration of the fat emulsion, lOcc of blood 

was removed from the dogs on successive times such as 20 minutes, one hour and 2 

hours after. The plasma was separated by centrifugation. 

5) Preparation of animal tissue : As it has been clari凸edby our precursor that the 

amount of phospholipids in tissue reaches its maximum 3 hours after the administration 

of fat emulsion, so in the present experiments the animals were sacrificed by bleeding 3 

hours after the infusion. The liver, kidney and heart muscles were removed for study, 

since these organs oxidize fat more actively than the other organs. 

6) Preparation of acid-soluble and lipid phosphorus in serum and tissue: This was 

performed by the method of ScHMIDT and THANHAUSER. 38）叫

7) Determination of phosphorus : The method of FISKE and SuBBAROW was per-

formed,G>";).J則的 usingan electrophotometer (BECKMAN’s type) at a wave-length of 620m.'.£・ 
8) Measurement of the radioactivity: A part of each fractions obtained from (6) 

was transferred to a metal dish 3 cm in diameter. After drying, the radioactivity was 

measured by a GEIGER-MULLER’s counter (Kobe kogyo K. K.) at 1250 volt. 

JII. RESULTS 

1) The phospholipids formed from the infused glycerides after infusion of the fat 

emulsion and the introduction of phospholipids labeled with P12 into tissues (preparatory 

experiment). 

As mentioned above, it has been clarified that phospholipids play a very important 

role in fat metabolism. From these fact many investigators have used phospholipids as 

an indicator for study of fat metabolism.：山）5)7)11川）3〕）山40 In our laboratory, using the 

fat emulsion which could be infused intravenously, IKEDA,1"> NAKATA，山 SENoB>and 

Kuy AMA •3> confirmed in vivo that the intravenously infused fat globules in the form of 
glycerides were phagocytized by alveolar phagocytes, KUPFER’s cells of the liver, reticulo-
endothelial cells of the spleen, and were converted to phospholipids in order to be meta-

bolized e妊ectively. Furthermore, Or、nsm30>and EUJINOヘapplyingradioactive phosphorus 
and paper electrophoresis, studied the fate of infused glycerides and obtained the following 

result: 

When the fat emulsion was administered intravenously，α・lipoproteinin serum, which 
had a high density and contained lipids in small quantities, gathered together around the 

infused fat corpuscles (triglyceride), and formed 0-lipoprotein, which had low density 

and contained lipids in large quantities, and then glycerides were stabilized in the blood. 

Then, the stabilized glycerides were phagocytized by the above mentioned cells in which 

glycerides changed into phospholipids and they entered again into the blood stream in the 

form of α－andβ－lipoprotein, not in the free form, and were carried to all the tissues 

through the blood stream. Thus it has b白nclarified that the infused glycerides were 
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Fig. 1 Fate of glycerides flowed into blood vessels 

o:-and i)-Lipoprotein in blood 

↓ 

Formation of 

0-Lipoprotein 

alveolar phagocyte 

Lipoprotein-lipase 一一一一一歩
kupffer’s stellate cells in the liver 
Reticuloendothelial cells in the spleen 

(Formation of phospholipid) ↓ 
Form示ぷ「J
x-and 1$-Lipopro民inI 

↓~竺se into the blood stream 

, Increase of x-and 13- I 

Lipoprotein in the blood I 

↓ 
Pass through the cell membrane 

Distribution to 

the parenchymatous cells in the 

Liver and the other tissue cells 

(Lipoprotein) 

introduced to all tissues in the form of lipoprotein. The amount of phospholipids intro-

duced into the tissues was largest in the liver. To make sure of the phospholipid 

formation from the infused glycerides in vivo, FUJINO’s experiment was reexamined as a 
preparatory experiment using radioactive phosphorus. After a single intravenous infusion 

of a 20% sesame oil emulsion in a dosage of 5 cc per kg of body weight into animals 

in the post absorptive state, serum was collected on successive times and specific activities 

(abbreviated S A) of acid-solub1c and lipid pi" were measured (Table 3). As shown in 

Table 3 Turn over rate cf Ii, i_i P in the吉erumfollowing the infusion of fat emulsion 

Intervals i~~竺竺！？とn 111旬、cd ＿~竺L一一一←
I S. A.* of ] S .・, 'f ! R. S. A.+ I S. A. of 

after i山町｜町id-sol.P i lipid P I (%) ｜吋印lp 

Before 

20 min. after 

1 hour after 

71 （士 o) I 9.o c士 o)I 12.1 c士 o)I 69 c土 0)

59 （ー11) I 9.9(+10)j 16.8C+s2)J 60Cー13)

45 c-s1) I 11.5 c +zs) I 25.5「＋101) I 51 cー26)

2 hours after I 36 ( -49) I 15.5 ( + 72) I 43.0( + 239) I 41 ( -41) 

(mean values) 
* Specific activity : counts x JQ-3/min/mg 
+ Relative speci品cactivity S. A. of lipid P /S. A. of川二i1 s.,L:ble P 

Control group 

S. A. of I R. S. A. 
lipid P I C%) 

9.3 （士 O)I 13.5 c士 0)

9.4 c + 1) I 15.7 c + 16) 

9.9 c + 6) I 19.4 c +44) 

10.1 c + 9) I 24.6 C +82) 
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this Table, the S A of acid-soluble P32 

showed a deer伺 seof about 40～50% in 
the course of the experiments, and no 

significant di妊erencewas observed bet-

ween the fat emulsion infused group and 

the control group. On the other hand, 

the S A of lipid P12 increased in both 

groups, but much more in the fat emul-

sion infused group. Namely, the SA  of 

lipid P12 showed only a 9% increase in 

the control group, but a 72 % increase 
in the emulsion infused group. Using 

the relative specific activity (abbreviated 

R S A) to compensate for the variability 

from animal to animal,42H4>it showed an 

increase of 82 % in the control group 
and a 239% increase in the fat infused 

group, and a significant difference was 

observed in the both groups (Fig. 2) . 

Therefore, it may be considered that the 

remarkable increase of the S A of lipid 

P1" in the emulsion infused group is due to the active formation of phospholipids from 

the infused glycerides, that the metabolic process of fat in vivo is performed smoothly, 

and that the phospholipids, which were produced actively by the above mentioned organs, 

enter into blood stream abundantly. Eventually, we may be able to take these phenomena 

as an indicator which shows an ability to metabolize fat. According to our colleagues, •0> 
23>40> the amount of phospholipids in tissues reaches its maximum about 3 hours after the 

infusion of the fat emulsion. In the following experiments, therefore, the S A of acid-

soluble P12 and lipid P12 in tissues was measured 3 hour3 after infusion. The liver, 

kidney and heart muscle were the organs selected for this study because of the previously 

mentioned reason (Table 4). The S A of lipid P32 increased two fold more in the 

emulsion infused group than in the control. This fact indicates the degree of the intro四

duction of phospholipids into the tissues from the blood stream. In this experiment, the 

amount of phospholipids introduced into the tissues in the form of lipoprotein was largest 

in the liver. These results quite agree with those obtained by FUJINO, and represent 
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Fig. 2 Changes in the relative speci五cactivity 
of lipid P in the serum following the 
infusion of fat emulsion 

R.S.A 
（%） 

2hours 

200 

100 /hour 

2hours 

I hour 
ZOmi日

ZOm1n 

Control 

group 

Fat emulsion 

infusedqroup 

Table 4 Turn over rate of lipid P in tissues 3 hours after the infusion of fat emulsion 

Organs 

Fat emulsion infused group 

S. A. of I S. A. of I R. S. A. 
acid-sol. P I lipid P I (%) 

S. A. of 
acid-sol. P 

Co司trolgroup 

S. A. of I R. S. A. 
lipid P I (%) 

Liver 
Kidney 
Heart muscle 

F
o
n
r
h
n
U
 

8

8

9

 

51 

32 

9.5 

59.3 

39.0 

10.5 

n
H
U

噌

i

弓，

o
o
n
v
o
o
 

29 

25 

4目。

32.6 

27.4 

4.6 

(mean values) 



evidently an aspect of the phos-
pholipid formation from the 

infused glycerides in vivo. 
2) The influence of gastrec-

t~my on fat metabolism and the 
effects of the repeated intravenous 

administration of fat emulsion for 
one week prior to operation. 
It has been noted that depot 

fat is mobilized as the result of 
an operative insult such as a gas-
trectomy, enters into blood stream 
in the form of glycer叫es,and 

then is introduced into the meta-

bolic proぽssof fat. In order to 
clarify the changes in the meta-

bolic process of fat following an 

operation, the author observed the 
influence of an operative insult 

on fat metabolism from the view-

point of the phospholipid forma-
tion by using an intravenous 

administration of the fat emulsion. 

At五rst, the control dogs, f吋

with the standard diet as shown 
in Table 1, were infused re戸a-

tedly with carbohydrates and salts 
(Table 2) for one week before 

operation and then were ga拙ec-

tomized. The SA of acid-soluble 
P32 and lipid P12 in serum were 

measured (Table 5) on the sue-

cessive days after operation. The 

S A of acid-soluble P32 always 

showed a decrease of about 40～ 

50 % and a signi五cantdifference 
was not observed between s伊ci・
mens taken before and after 

operation. On the contrary, the 
S A of lipid p:i" only reached an 

increase of about 20% on the !st 

and 2nd days after operation, 
aLh.ough we observed about an 
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80% increase before operation. Also, the increase in the S A of lipid P12 in the serum 
following an infusion of fat emulsion had the tendency to return gradually to the preo-

perative level. Moreover, these facts became more evident by calculating the RS A (Fig. 

3). Namely, the R S A of lipid P1" in serum following the infusion of the fat emulsion 
showed a 273% increase before operation, but only about a 90% increase on the !st and 

2nd days after operation. Thus it has been observed distinctly that the phospholipid 

formation showed a marked decrease after operation and 2 weeks after operation it could 

not recover to the preoperative level. 

From the above results, it was clarified that an operative insult markedly reduced 

the phospholipid formation from the infused glycerides in vivo. By measuring the S A 

and R S A of phospholipids labeled with P12 in the tissues, it was also clarified that the 

Fig. 3 Changes in the relative specific activity of lipid phosphorus in the 
serum 2 hours after infusion (Influences of gastrectomy) 
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Table 6 Influences of gastrectomy on turn over rate of lipid phosphorus to 
the tissues 3 hours after the infusion 
(Fat not infused group before operation) 
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acid-soluble I Kidney I 80・ 
P x 10-3 I Heart muscle I 83 

S. A. of I Liver 56 

lipid P I Kidney 38 

x 10→ I Heart muscle ! 9.1 

R. S. A. 

（%） 

Liver 

Kidney 

Heart muscle 

官

A
n
k
u
噌

i

G
U
A公
噌

よ

Days after gastrectomy 

2 I 3 I ~1-2- l. __i~L_i_:_ 
内
’
b

マ’
A
U

一q
O
T
A

O
R
V
F
h
U

の
MV
一

角

喝

u

n
ノ嗣

n
N
u
n〆“

r

、d

勾’
n
，a

っ，

32 

21 

5.8 6.3 

nv

・in
D

a
a
τ
q
u
 

41 51 

29 I 37 

8 ! 10 

(mean values) 

O
O
R
d
n
u
 

o
O

勺，。。

93 I 102 

85 I 81 

86 I 92 

45 

28 

8.3 n
u
 

q
u

・－
8

P

、u
n喝
U

F

、υ－ 

n
υ
η
ノ
M

弓，

F

ヘロV
町
、
u

nr臼

F
o
r
D

9

9

8

 
54 

39 

6.8 

n

u

t
－－に
1v

q
u
n
u
d

司，

内，
b

マ’
n
U

弓
d

R
d
a
a宅

必品

z
n
M
M

ハヨ

戸、Jv
q

ぺ
ω

ワ
ω

只
U

Q

J

F
D
η
J
 

n
u
d
n
u
n白

p
h
u
d告

z
u
a
ι
τ
n
H
A
V
 

C

U

4
佳



106 日本外科宝函第31巻第2号

・ troduction of phospholipids into the liver, kidney and heart muscle were remarkably 

reduced after operation, especially in the liver (Table 6 & Fig. 4) ・ Namely, the intro-
duction of phospholipids labeled with P ~ ＂ into the above mentioned organs on the 1st and 
2nd days after operation showed a reduction to 2/3 of the preoperative level. 

O~e should consider in observing these results伽 tsince an operative insult such as 
a 1Iastrectomv disturbs markedly the formation of phospholipid from the infused glycerides 

in °~i~o it ムo reduces 間mark~bly the introduction of the produced phospholipids into 
the va;ious organs. On the other hand, when the fat emulsion (2α／kg b. w.) was 

S. A. of 

acid-soluble 

p x lQ-3 

Fig. 4 Changes in the relative speci五cactivity of lipid phosphorus to the 
tissues 3 hours after infusion (Inf! uences of gastrectomy) 
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Table 7 Influences of gastrectomy on turn over rate of lipid phosphorus in 
the日rumfollowing the infusion 
<Fat and vitamins infused group before operation) 

Intervals ¥ Days after operation 

after infusion 2 3 5 

Before 65 （土 0)I 70 c土 O) 76 （土 0) 78 （土 0)
20min. after 56 （ー14) 64 ( -9) 65 （ー14) 69 （ー12〕

I hour after 心 31)Iれ初 53 （ー30) 58 （ー26)

2 hours after 38 （ー42) 41 （ー41) 39 ( -49) 43 ( -45) 

7 I 14 
72 （士 o)I 15 c士 O)
65 （ー10)I sa c -9) 
54 （ー25)I 55 cー27)
37 c -49) I 38 c -49) 

i Before I 8.3 （土 o)I 9.3 c士 o)I 10.3 c士 o)I io.2 c士 O汁 10.0（土 o)I 9.8 c土 0)s. A. of 1 I I I I I I 
I 20min. after I 9.1 ( + 8) I 10.5 ( + 13) I 11.9 ( + 16) I 12.0 ( + 18川11.9c + 19) I 11.s c + 11) 

lipid P I I I I I . I I 
" ¥ 1 hour after I 10.7 ( + 29) I 12.0 ( + 29) ¥ 14.0 ( + 36) I 14.6 ( + 43イ15.2c + 52) ¥ 14.2 c + 45) 
×10-3 I I I I I , I I ¥ 2 hours after I 13.1 ( + 58) I 14.3 ( + 54) I 16.9 ( + 64) ¥ 17.5 ( + 72) ¥ 17.8 ( + 78〕I18.0 c + 83) 

: Before I 12.8 （土 O〕112.4 c士 o)I 13.6 c士 o)I 13.1 c士 O〕i13.9 （土 o)I 13.1 c土 0)
R. S. A. I 20min. after j 16.3 ( +27) I 16.4 ( +32) i '8.3 ( +35) I 17.4 ( +33) I 18.3 ( +32) I 16.9 ( +29) 
(%) I 1 hour after I 23.9 ( ＋町I21.8 c ＋均 I26.4 ( + 94) I 25.2 ( + 92) I 28.1 ( + 102) I 25.8 ( + 97) 
I 2 hours after I 35.5( + 177) I 34.9( + 181〕I43.3C + 218〕I40.1c + 209) I 48.1C + 24s) 1 47.4C + 262) 

Cm回nvalues) 
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given with carbohydrates, salts and vitamins, simultaneously (as shown in Fig. 2), the 

decrease of the phospholipid formation from the infused glycerides on the 1st and 2nd 

days after operation were far slighter than in the control group. Its recovery was so 

rapid that the preoperative level was observed one week after operation in the fat infused 

group (Table 7 & Fig. 3). 

These results indicate that: Though an operative insult always disturbs the forma-

tion of phospholipid from the infused glycerides, abundant administration of fat and 

various vitamins prior to operation is e妊ectivefor making a favourable environment for 

utilization of the depot fat smoothly. Therefore, the dogs which were infused repeatedly 

with the fat emulsion and the various vitamins are able to recover from surgical operation 

sooner than the control group. 

3) Comparison of the fat emulsion infused group and the vitamin infused group. 

In order to clarify whether the回 useof the favourable influence on the post-operative 

fat metabolism depends upon the preoperative administration of vitamins or fat, the folio-

wing examination were carried out under identical conditions. 

The animals were divided into 2 groups. The五rst group was infused the fat 

emulsion (2cc per kg b. w.) containing carbohydrates and salts repeatedly for one week. 

The second group was infused with vitamins combined with carbohydrates and salts. 

The dogs of both groups were then gastrectomized. The phospholipid formation from the 

infused glycerides on the 2nd day after operation, when it was disturbed to a maximum 

degree, was compared in both groups. Furthermore, the introduction of pi＂・labeled
phospholipids into the various organs was investigated (Table 9, 10). R S A was illus” 

trated graphically in Fig. 5. As shown in Fig. 5, the R S A of lipid P12 in the serum 

following the infusion of the fat emulsion on the 2nd day after operation showed a 164% 

increase in the I group, which was the same order of magnitude compared with the fat 

and vitamins infused group and only a 17% di妊erencewas observed between them. It 

should be considered therefore that the phospholipid formation from the glycerides is not 

disturbed considerably by the preoperative administration of fat and is maintained at a 

Table 8 In日uencesof gastrectomy on turn over rnte of lipid phosphorus to 
the tissues 3 hours after the infusion 
(Fat and vitamins infused group before operation〕
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Table 9 Turn ov町 rateof lipid phosphorus in the s肝umin 2 experimental groups 
(which show values o口 the2nd day after gastrectomy) 

Inter_vals I 

I S. A. of fter infusion ! I acid-sol. P 

Before I 73 （士 O〕
20 min. after I 64 ( -12) 
1 hour after I 51 ( -30) 
2 hours after I 43 ( -41) 

I group本 Il group + 

S. A. of I R. S. A. S. A. of I S. A. of 
lipid P I % acid-sol. P I lipid P 

s.9 c± o) I 12.2 c土 0) 64 (± 0) i 9.5 （士 O〕
9.8 ( + JO) I 15.3 ( + 26) ; 54 （ーJ6) I 9.9 ( + 4) 
10.1 c + 20) I 21.0 c + n) , 41 cー21)I 10.3 c + s) 
問 c+ 35) I 32.2c ＋刷 39ト 39)I 11.4 c + 20) 

(mean values) 
常 IGroup: Glucose+ Ringer’s sol.+ Fat emulsion 

Organs 

Liver 

Kidney 

+ Il Group: Glucose+ Ringer’s sol.+ Vitamins 

Table IO Turn over rate of lipid phosphorus in tissues in 2 experimental groups 
(which show values on the 2nd day after gastrectomy) 

S. A. of 
acid-sol. P 

I group ¥ 

S. A. of I R. S. A. i S. A. of 
lipid P I % I acid・日 I.p 

39 I 46 I 101 

31 : 33 i 82 

Il group 

S. A. of 
lipid p 

Heart muscle 

85 

92 

104 9.8 I 9.0 I 93 

40 

29 

8.1 

(mean values〕

R. s. A. 
% 

14.8 （士 O)

18.3 ( + 24) 

21.9 ( + 47) 

29.2 ( + 97) 

R. s. A. 
9五

40 

35 

8.7 

level as high as the normal. On the other hand, in the II group, it showed only a 97% 
increase. It is obvious that the preoperative administration of the vitamins is not effective 

for improvement of postoperative disturbances in fat metabolism. 

A remarkable di任erencebetween the I group and the JI group was also observed 
by investigating the introduction of lipid P1" into tissues. The above results indicate that 
preoperative administration of fat emulsion plays a most important role in preventing the 

disturbance of phospholipid formation which occurs inevitably after operユtion. 

N. DISCUSSION 

The influence of an operative insult on the metabolic process of fat in vivo, especi・ 

ally on the formation of phospholipids from the infused glycerides was investigated in 

these experiments. Evidence has been obtained to support the theory that disturbance of 

the phospholipid formation after operation was markedly improved by the abundant 

administration of fat preoperatively. 

According to SEL YE’s general adaptation theory, it is gradually believed that des加 C・
tion of body protein, increased urinary nitrogen excretion, retention of sodium and chloride 

and loss of potassium following an operative insult are a series of phenomena of stress 

response. 

Concerning fat metabolism, it has been noted that depot fat is mobilized and decreases 

rapidly as a result of an operative insult. Consequently, the total fatty acid content in 

the blood increases, the phospholipid level in the blood and liver decreases markedly, and 
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Fig. 5 Changes in the relative specific activity of lipid phosphorus in the 
serum in various experimental groups 
(on the second day after gastrectomy) 
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thus the depot fat is mobilized and introduced into the metabolic processes in the body. 

There is, however, some disagreement as to whether all of these changes in fat 

metabolism could be regarded as stress response. Some investigators reckon them as only 

a secondary phenomenon due to a loss of carbohydrate and protein. Thus even concerning 

the explanation of these phenomena, there is as yet no definite agreement, so that we 

can accurately decide whether the disturbances of the phospholipid formation from the 

infused glycerides following an operation, as observed in these experiments, can be regar-

ded as stress responses or secondary phenomena due to a lowering of the functions of the 

body, es戸ciallyliver function. 

From the results that the metabolic process of fat were improved remarkably and 

performed smoothly with the preoperative administration of the fat emulsion, it may be 

considered that not all of the postoperative disturbances in fat metabolism can be regarded 

as stress response. Accordingly, if the various nutriments, especially the reasonable fats, 

were administered su伍cientlyprior to operation and the liver function was improved and 

protected, the glycerides mobilized from d匂otfat are smoothly introduced into the process 

of the fat metabolism in vivo as follow : In the form of α－ and β－lipoprotein, as desc司
ribed before, they are introduced into all tissues of the body and some of them contribute 

to the construction of tissues and ful五lmentof living functions as constant elements, and 

the others are oxidized smoothly to be used as a caloric source. By what mechanism do 

these phenomena occur ? A most significant fact is that what plays a very important 
role in the improvement of postoperative disturbance of fat metabolism is not the admi-

nistration of vitamins but fat itself. Consequently, we should consider that these pheno-
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mena are due to the special nutritional effect of fat. 
ROBERTS and SAMUELS demonstrated that animals maintained on diets high in 

carbohydrate or fat exhibited a preferential utilization of the foodstu妊 whichconstituted 

the oredominant source of calories in the diet. This adaptation to fat feeding was evid-

e悶 dduring subsequent fasting as a higher削 eof acetone body excretion, a slower rate 
of disappearance of blood sugar level and a lowered rate of nitrogen excretion. 32>33> 

Using cu・labeledacetate, W HITENEY et al. rev回 ledthe fact that in animals fed with 
high fat diets the depletion of liver glycogen is minimized in the fasting period and the 

blood sugar levels are maintained at higher levels than the group fed with another pre-

dominant f oodstu妊_41)

These facts show directly that the dietary history of animals is an important factor 

for determining the apportionment between their stored carbohydrate and fat which can 
be utilized during fasting. Therefore, since the main storage-nutriment is fat, the abundant 

supply of fat before fasting is a most favourable procedure. 
These facts were also clarified by MA  TSUDA’s experiments, which investigated the 

glycogenolysis of the liver in starved rats, the liver glycogenesis of rats following the 

administration of glucose solution and the gluconeogenesis in starvation. 

These experiments suggest that the metabolic pattern of animals, which have been 
fed with a diet predominant in carbohydrate, is characterized by an exceedingly high 
rate of carbohydrate utilization in fasting and the liver glycogen is depleted rapidly. On 
the contrary, in animals fed with a high fat diet, such a metabolic tendency relying on 
carbohydrate utilization is reduced and the utilization of d句otfat is begun smoothly in 
the early period of fasting. 

Thus, it回nbe concluded that a prolonged supply of fat adapts the organism to fat 

utilization. 
H!KASA et al. call this fact 吋atadapting effect"17l18>. From this standpoint, it is 

well r配 ognizedthat the fat given preoperatively improved the disturbances of fat meta-
bolism after gastrectomy as follows : By means of the previous supply of fat the organism 

gains the fat adapting effect which makes the stress of operation much milder and mini-

mizes metabolic disorders. It is quite reasonable that the preoperative administration of 
fat played a most important role in such a case, but not vitamins. 

Though vitamins are indispensable in the e旺ectiveoxidation of fat, 10＞凶＞ they do not 

contribute to the gaining of the above-mentioned fat adapting e旺ect.

When patients are forced to withstand a fasting or stressful state such as a post伊

perative period, they have to utilize effectively their own stored fat for a caloric source. 

Therefore, estimating such a stressful state, an ample pr印 perativesupply of fat is a most 
reasonable procedure to make the organism adaptahle to the utilization of fat more effec・ 

tively. Consequently, it aids recovery of the living function after operation. 

The question still remains unanswered as to how such adaptative alteration is induced 

in the metabolic pattern. 

Concerning this problem SAMUELS et al. have merely postulated that some modifica・ 
tion of the specific enzyme systems may possibly contribute to it."n 

Its relationship to the hormonal function should also be given consideration. In other 
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words, it is highly possible that an alteration of the hormonal balance may contribute to 

the above adaptative metabolic pattern. 

MATSUDA has already proven that changes in the liver glycogen content in starved 

rats has an intimate relationship with the adrenocortical function, and veri五edhistochemi-
cally that the exhaustion of adrenocortical function was induced earlier in the fat free 

group. On the contrary, in animals which were well fortified by fat feeding it began 

gradually and the adrenocortical capacity of these was well preserved for a significantly 

longer period of starvation. 25l 

On this occasion, it is necessary to consider not only such a favourable e妊ectof the 

fat administration on the adrenocortical function, but also an action of the essential fatty 

acids which was contained in the fat emulsion abundantly. 

It has been generally accepted that a main precursor of all kinds of steroid hormones 

is the cholesterol-ester existing in the adrenal cortex, and the essential fatty acids have 

an intimate relationship with the cholesterol metabolism. 

JrNDo,21l TAMAKI45i and MAKI川 reportedthat the essential fatty acids were contai-

ned abundantly in the adrenal cortex. In these respects, it may reasonably be postulated 
that the白sentialfatty acids play an important role in the production of adrenal cortical 

hormones. 

Moreover, NAGASE"n proved that essential fatty acid deficiency causes an abnormal 

increase in capillary permeability predisposing to edema formation, and a weakend adre-

nocortical function may contribute to this phenomenon. 

From the foregoing discussion and the results of the present experiment, it should 

be considered that a previous supply of fat, which prevents essential fatty acids deficiency 

inevitably, can be expected to display a favourable effect on the adrenocortical function 

and strengthens the resisting ability of the organism against stress. Moreover, by m回 ns

of the stress moderating e旺ectcaused by the “fat adapting effect”， the organism回nbe 
protected from the postoperative metabolic disorders of fat better than any other means. 

Up to the present, it has generally been recognized that an abundant administration 

of fat should be prohibited in surgical cases, because it causes the lipemia and damages 

the liver function. However, the recent studies on the nutritional significance of fat 

confirm the fact that this liver damaging e旺ectof fat is mostly due to the indiscriminate 

use of fat and the harm of fat can be completely excluded by using a properly selected 

fat, such as re五nedsesame oil which does not contain highly unsaturated fatty acids or 

auto-oxidation products, but is rich in the essential fatty acids. 

In the present experiments, we may conclude that the improvement of the phos-

pholipid formation from glycerides is induced partly by these favourable effect of fat upon 

liver function. 

Furthermore, the advantages of the preoperative administration of fat have been 

proven by the protein sparing e百ect of fat9l and the accelerating action of wound 
healing. 22l 

Recently, it has become gradually recognized that the basic constituent element of 

tissue cells is lipoprotein. Therefore, enough fat of good quality has to be supplied in 

addition to protein in surgical cases in which the repair and reconstruction of tissue cells 
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must be mainly expected. 

Furthermore, in order to exclude the accumulation of fat intermediates, it is a very 

reasonable management that adequate amounts of carbohydrates, salts, vitamins and lipot-

ropics are administered with fat and protein simultaneously. 

V. CONCLUSION 

In order to clarify the metabolic disorders following an operative insult such as a 

gastrectomy, the formation of phospholipids from the infused glycerides in vivo and the 

introduction of phospholipids labeled with P32 into tissues were investigated using a 20拓

民sameoil emulsion produced in our laboratory and radioactive phosphorus as a tracer, 

and the following results were obtained : 

1) An operative insult caused by gastrectomy and subsequent starvation str間

disturbs the metabolic process of fat in vivo, especially the formation of phospholipid from 

the infused glycerides to some degree. 

2) Not all of these postoperative changes in fat metabolism can be regarded as a 

str白sresponse. Some of them are the results of deficient pr＇印perativenourishment. 

3) These postoperative disturbances in fat metabolism are improved markedly by 

the repeated administration of the fat emulsion for one week before operation. 

4) The preoperative administration of vitamins is not e妊ectivein producing this 

improvement. 

5) Active supply of fat for some period prior to operation is an essential procedure 

for securing complete nutrition in surgical cases, because the organism relies upon its own 

depot fat for a source of energy during operation and subsequent fasting. 
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和文抄録

手術前後に於ける脂質投与の妥当性についての実験的検討

京都大学医学部外科学教室第2講座（指導：青柳安誠教授）

神戸製鋼所神鋼病院外科（院長：弘重充博士〕

花岡道治

われわれの教室に於て創製された静脈内注入可能な は術前の栄養管理の不備に帰すべきものである．

脂質乳剤と，放射性p32を駆使応用することによってP 3) 即ち，このような術後に招来される脂質代謝障

胃切除という外科的侵襲が生体に加えられた際，果た 害はp 予め術前 1週間に亘って脂質を前投与すること

してどの程度の脂質代童話障害が術後に惹起されるもの によって著明に改善される．

であるかをp生体内に於けるグリセライドからのphos- 4) 而もその改善に当つては，術前に於いてのピタ

pholipid生成能及びP認表示燐脂質の組織中への移行量 ミン類投与は，何等の役割を演じていない．

から観察し，又その障害を軽減するには如何なる手段 5) 更にp 生体に手術侵襲とそれにひきつづいて招

をとるべきかを実験的に明らかにし次のような結論を 来される飢餓ストレスが加えられる際，その時の主な

得た． 熱源、が貯蔵脂質の動員によって賄れるものであるか

1) 胃切除という手術侵襲とそれに伴う飢餓ストレ ら，術前一定期間に亘って予め脂質を積極的に投与す

スはp 生体内の脂質代謝過程1特にグリセライドから ることはp 外科的侵襲を行うにさきだって常に必ず行

の phospholipid生成能をある程度まで障害する． われなければならない必要な準備処置であると云って

2）併しこのような現象はp単なるstressresponseと よいであろう．

して解釈すべきものではなくて，その招来される所以


