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I. INTRODUCTION 

465 

The fat emulsion prepared in our laboratory for intravenous infusion has been 
found to possess several nutritional advantages. TsuKADA1l, 0sA2l, KuYAMA3l and 

HANAFUSA 4l have already reported its protein sparing action and MATSUDA 5J its 

glycogen sparing action. TAMAKI5J showed that the infusion of fat emulsion before 

and after operation is very e汀ectivein maintaining fluid distribution at near normal 

levels. This action was further confirmed by KoBAYAsm's'l experimental studies. 

Changes in fluid distribution often accompany electrolyte disturbances. Since the 

organism strives to maintain life by preserving its "milieu interieur” by keeping 

electrolyte concentration and fluid volume at a certain level, it was hypothesized 

that intravenous injections of fat emulsion might help to restore electrolyte distri-

bution in patients with many different kinds of pathological conditions. In addition, 

it must be kept in mind that this fat emulsion mack from sesame oil contains 

many essential fatty acids (EF A), vvhich may play an important role as constant 

element. Referring the relation of fat supply and water and electrolyte metabolism 

especially, it is necessar;,・ to investigate the influence of fat supply on electrolyte 

movement from the following point of view at the same time. Since EF A are 

believed to have a close connection with cholesterol-metabolism and an important 
role in the synthesis of corticosteroids (NAGASE"l, MATSUDA円 TAMAKI21l and Srnc-

LAIR9l), the influence of this fat emulsion on water and electro！γte metabolism is 

quite complex. 

This experiment was performed in an attempt to (a) clarify the relationship 
between synthesis of mineralocorticoids and EF A by determining urinary electrolyte, 

(b) study the relationship between electrol~te movement and fat supply by the use 

of fat emulsion and insult, i. e. surgery. 

JI. EXPERIMENTAL ANIMALS AND METHOD 

A. Experimental Animals 

The animals used were adult male dogs weighing approximately 10 kg and male 

albino rats of the Wistar strain supplied by Animal Center of Kyoto University. A 

low fat diet (Table 1) was given to the dogs for 10 days to 8 weeks before the 

experiment, and only those that kept a steady weight and appetite and had no 
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diarrhea or wound infection were 

chosen for the test. The rats were 

divided into two groups; one was fed 

a fat幽freediet and the other a fat 

diet (Table 2) plus water for more 

than 8 weeks. 

B. Fat Emulsion 

For one ＼＼’eel、lief<
and 10 days after, Zee per kg (0.4g 

as fat) of the 20% sesame oil emul-

sion prepared in our laboratory, or 4 

to 6cc per kg (0.8 to l.2g as fat) 

mixed with 10 cc of 5 % glucose per 
kg, lOcc of RINGER’s solution per kg, 
Vit. B1, B", BJ ancl C were infused 
intra vcnousl：－’ in 【logscvet・戸 da.¥・・ 

C. Measurement of Sodium and 

Potassium Concentration日

Sodium and potassium concentra-

tions were determined !Jy BECKMANN’S 

Flame Spectrophotometer and LANGE’N 
Flamephotometcr' 0J、17).

1. Sodium and Potassium Con-

centrations in Serum and Whole Blood 

Table. 1 
Low fat diet for a dog weighing 10 kg 

Rice 
Dry fish 

150 g 14.6 g 
10.8 20 

~＇ ド学三｜二 i主－：－25.:1-
Table. 2 

Fat-free diet and fat diet for rats 

Starch 
Cas巴in
Salt mixture本
Vit. mixture 
Choline・HCI 
Sesame oil 

市~cfut I Fat d凶
so% I 64% 

12.8 16 
3 

0.5 
0.5 

4

4

4

q

8
品

τ

。，u
n
u
n
u
n
u
η
，b 

Calorie/g ca 4 （プal ca 5 Cal 

*Composition of salt mixture 
NaCl 17.3g Cal. !act. 139.0 
NaH2P04 3..t.7 MgSO; 26.6 
K2HP0.1 95.4 KJ 10.0 
CaR1(P04 1,H,O 5-1.0 

In order to measure the serum 

concentration, 6 bottles of standards ranging from K 1.25 meq./l and Na 35meq./l 
to K 7.50 mcfト’land N'a 175 meq./l ¥¥'Cl℃ prepared. Then the serum and the stan-
dard solution were sc¥・crall.¥・ diluted 50 times for measurement. In an attempt to 
determine the 仁川11cc11trntionin whole blood, 6 bottles of standard solution were pre-

pared ranging from E. 15 meq./l and Xa 15 meq./l to E. 90 meq./l and i¥a 90 meq./l. 
Then the whole blood and the standard solution we1℃ diluted 100 time日 formeasure-
ment. The sodium and potassium concentrations in the blood corpuscles were calculated 
b，＼・thefollo¥1・i11g formula, the hematocrit value being measured at the same time. 

B=C・Ht+ (1-Ht）・S :. （〕豆二豆十S
Ht 

B : C‘oncentration in Whole Blood 

C : Concentration in Blood Corpuscles 
S : Concentration in Serum 
Ht : Hematocrit Value 

2. Sodium and Pot飢『iumConcentrations in Urine 

From two different kinds of original solution ; (Na 60 meq./l, K 20 meq./l, 
Urea 20 g/l and Na 10 meq./l, E: 20 meq./l, U1℃a 20g/l) a日eriesof 14 standard 
solutions of Ka (from 2.5 rneq./l to 240 meq./l) and g of K (from 5 meq./l to 80 
meq./l) wa日］11℃pare<l. Then each of them and the urine were dilutαl 50 times. 
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3. Sodium and Potassium Content of Foods (Table 3) 
Measured quantity of foods (rice, barley, dry fish, brewers yeast, skim-milk and 

fl~ur) were calcinated moistl~＇ 1 8) and measured. Rice, barlc:-', dr.v fish and brewers 
γeast were given to the experimental dogs as a standard diet before and after 
operation, and skim-milk and flour were added as necessary. 

Table. 3 Sodium and potassium 
content and calories in IOOg of food 

i 

W山丸一縁M、～、

I Potassium I S山 Tl1 I Calories 
「4

Rice l.5meq. 0.5meq. 340 Cal 

「云；；五
1 ・

Barley 4.1 0.7 353 m Dry五sh 16.0～17.4 32.0～43".3 246 

Brewers yeast 27.7 7.7 324 

Sugar 396 Fig. 2 Feeding box 

Skim-milk 34.5 16.2 359 Fig. 1 Feeding box for rat 

Flour 2.3 1.3 364 for <log 

D. Method of Collecting Urine 

Dogs fed this low fat diet ¥¥"CJ'C placed in feeding boxes as shown in Fig. 1. 
After he got used to living there for 2 or 3 clays, the experiment was begun. The 
floor of this feeding box was of wire netting so that the dog’s faeces remained on 
it and urine was accumulated in a bottle through a funnel beneath. The dog lived 
in the box during the period of the experiment and took food from a side box. 
The urine was all collected, together with catheterized residual in the bladder, every 
24 hours and measured. Each of the rats was fed separately in its mrn feeding 
box as shown in Fig. 2. This feeding box had one filter and double bottoms made 
of wire mesh to prevent food and faeces from contaminating the urine. It helped 
in collecting the urine to cover the funnel with liquid paraffin, but the volume ＂’as 
so little that the wire mesh and funnel were rinsed o町 with5 to lOcc of purified 
water to collect all the urine. 

lI[. RESULTS 

A. The Serum Electrolvte Concentration and Electrolyte Balance of Dogs, 
before and after Gastrectomy, Treated with Repeated Infusions of Fat Emulsion 

1. Sodium and Potassium Concentration in Serum 
The serum potassium concentration of normal dogs on the standard diet was 
3.61 to 5.13 meq./l before experiment (average 4.49 meq./l). The sodium concent-
ration was 133.0 to 152.8 meq./l (average 144.6 meq./l). These value are similar 
to those of healthy humans (K 4.65 meq./l, Na 143.0 meq./l) (HrnoHARA 19)). Fig. 
3 shows the blood levels on the 6th and 1st clays before operation, ancl on the 4th, 
9th and 14th postoperative days. Sodium and potassium tended to go decrease with 
fluid infusions before operation and to increase slightly after operation, but the:-・ 
were never far from the normal range. It was hard to recognize signi自cantdi百er-
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Fig 3 Potassium concentration in serum 
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2. Electrolyte Balance 

a. In Cases Receiving Repeated Small Infusi6ns of Fat Emulsion 
i. Low Potassium Diet 
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The diet is described in Table 4; animals received 55 to 60 Cal/kg/da~， before 

gastr£0主om~·，日uid infusions onl~· for 2 days after, and then gradual!｝＇ア upto 35 to 

40 Cal,1kg/day by the 8th day after operation. Nυsupplementary oral potassium 

組

ω
ω
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Fig. 4 1 Low Potassium Diet 

Fat Emulsion infused Group 

・・Calorydue to Fat Emulsion 

meq 

+30 
.Am…ken 
Bal an時

十20

20 

-30 一＋681-＇－－ー＋78一一一－117ー・ー－ 65.4→ 
Period of Infusion of Fat Emulsion 

meq 

+so 

+20 

20 

-30 一一 2.81－ート一一一一一一一一一160一一一一一一一一

7 -5 -3 1 0 +1 +3 +5 +7 サ＋11 日S Days 

was added. 2cc per kg of 20% sesame oil emulsion was infused in the experimental 

group every【lay. For 3 weeks, from 7 days before operation until 14 days after, 

intake and urinary output of potassium and sodium wet℃ measured daily, and ba-

lance calculated (Fig. 4). The potassium balance was slightly negative before 

operation, and became even more so after, and sta)'cd nc伴itiveeven ¥vhen protein 

anabolism would have been expected one week later. The fat-cmulsiυ11-infused group 

lost an average of 16.0 meq. and the control group 17.1 meq. of potassium per clay. 

Soaium balance suddenly became positive when fluid infusion was begun before 

operation and remained so up until one da¥・ before operation. It was negatiw for 

24・ hours after operation and then became positive. On the 5th da~· it 以iddenl~·
became negative again. The fat-emulsion司infusedgroup had more sodium retention 

before op乙rationand the control group more sodium retention and excretion after 

operation. The fat四emulsion-infusedgroup had a greater negative sodium balance 

for 24 hours after operation. Both groups lost weight after operation steadily for 



470 日本外科宝函第30巻第3号

over one week. The fat-emulsion-infused group lost a little less weight than the 

control group. 

Table. 5 High potassium diet and fluid infusion before and 
after gastr巴ctomyfor a dog weighing lOkg 

Dry !Brew叫 WaterI K ] 5 % ¥ R門川 Vitamins
fish !yeast I I Glurnse I sol. 

40 g ! 1 g I 400cc ¥ l O川町

I I 400 I 10 

Fig. 4 -2 Low Potassium Diet 
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ii. High Potassium Diet 

The results of the preceding ex-

periment indicated that the calorie 

ang ''potassium intake were low, so 

potassium as phosphate (K2HP04 and 

KH-J'Oi in a ratio of 2 : 0.4) 20> was 

added to the diet. The quantity added 

was 1 meq./kg before operation and 

2 meq./kg after. The calorie intake 

after. the operation was increased 

sooner, and the whole quantity (from 

65 to 70 Cal) was suppli~d on the 

6th postoperative day (Table 5 and 

Fig. 5). 

As for the potassium balance, the daily average in both groups before operation, 

was less negative than in animals on a low potassium diet. It was most negative 

on the dayア ofoperation, then began to increase and became positive on the 5th 

Not infused group 
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cla~， after operation. The fat-emul-
sion聞infusedgroup lost less potas-

sium than the control group in the 

postoperative stage. The daily a YC-

rage loss in the former 9 da~’s after 

operation was 2.88 meq., and in the 

latter 6.51 meq., This represented a 

large di百erencefrom Experiment (i). 

The sodium balance changed 

about the same amount as in the 

preceding test, but the fat-emulsion-

infused group lost more sodium in 

the first 24 hours after operation ; 

therefore there was a total sum loss 

of sodium in this phase. Moreover, 

the sodium diuresis of the postopera-

tive stage began somewhat later 

than in Experiment (i). Through 

the whole period after the operation, 

the sodium balance did not seem to 

be either more p川 iti¥'Cor more ne-

gative than in Experiment (i). The 

weight curve of the two groups was 

,・en・ different. 

b. In Cases Receiving Repeated 

Infusions of a Large Quantity of 

Fat Emulsion 

,¥ large quantii：.’川 fatemulsion 

wa日 infusedever:.・ da:. ¥Jcl'm・cand 

after operation as Table 6日how日．

The potassium balance was much 

more favorable than in the fat『

emulsion-infused group of Experi-

ment (a, ii) (Fig. 6). The potassium 

loss in the fir日t24 hours after opera-

tion was less (28 meq.) and 

positive balance wa日 reached as 

earlier as the 3rd【la:.・. The dail v 

average potassium balance was 

十1.38meq. from the !st to the 9th 

da:.・ after operation. The changes 

in sodium balance of each stage 

became smaller than those of 

High Potassium Diet 
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Fig. 6 Rep巴atedInjections of a Larg巴
Quantity of Fat Emulsion 

INFLUENCE OF FAT SUPPLY ON ELECTROLYTE '.¥IりVEME>JT

Table. 6 Fluid infusion a.nd repeated 
infusions of a large amount of fat 
emulsion 

, Fat 5% Gluco:se f{1対《；

lOOcc I lOO~c 5Ccc 
200 I 200 I 75 

100 I 100 [ 50 

Experiment (a, ii), although no clear 

distinction was made between the 

sodium retaining stage and the sodium 

excreting stage after that. 

B. Changes in Na/K 

the Urine under Stress 

Rats weighing about 200g lived 

in the feeding box for 7 to 10 da~’日

before the experiment. Theyァ hadbeen 

fed ad lib. to maintain constant wei-

ght, as shown in Table 2, for 60 to 

90 da:y・s. Table 7 indicates the diet 

intake, caloric intake, daily urine 

volume, daily average electrolyte ex-

cretion and the Na/K ratio under 

non-stress conditions. The fat『free

diet group ate more in total weight, 

but the both groups had about the 

same caloric intake. The electrolvte 

intake was 50% higher in the fat-free 

diet group, but the Na/K ratio of the 

two diets was the same (0.537). Rats 

on the fat-free diet excreted more 

urine than did the fat diet group; 8.8 cc to 12.0 cc (average 10.9 cc) and 1.86 cc b 

3.90cc (average 3.02cc), respectively. The fat-free diet group also excreted 

sodium and potassium with a somewhat higher Na/K ratio. 

1. E町ectof lmg Injections of ACTH-Z (Fig. 7 and Table 8) 

lmg of ACTH-Z (N. V. 0RGANON-Oss., Holland) was injected into the peritoneal 

cavity of the rats. After 24 ho.urs, the Na/K ratio of the urine rose to about the 

same value and then gradually fdl, with no di汀erence between the two 
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Fat-free diet group 

Urine ;Potassium Sodium 、。lumel excretion excretion 
9.9cc 1 0.71りmeq. 0.500meq. 

1.250 : 0.936 

0.622 • 0.516 
0.912 ; 0.710 

0.700 : 0.618 

o.s41 I o.26s 

0.995 I Q.64J 

o.sos I o.649 

T~e Na/K ratio increase was due not to a decreased pota_ssium excretion but to an 
increase in the sodium excretion. T AMAKim had measured the formaldehydogenic 

co~ticosteroid excretion under the same conditions, and reported that there was 

almost no difference between the two groups, even though the excretion of it in the 

two groups loaded with that much ACTH generallγincreased. 

Fat-free diet group 

!Urine IPota問問。n仙m
volume , excr巴tion excretion 

1 ll.5cc I 0.560meq.I 0.312meq目

11.4 I 0.672 I 0.482 

11.2 ! 0.704 I 0.460 

10.5 ' 0.760 I 0.488 

Days 

Fat diet g1oup 
Fat-free diet group 

Alterations of potassium and sodium in urine of rats injected with lmg of ACTH-Z 

Fig. ~. Alterations of Na/K ratio in 
urine of rats injected with 4mg of 
' ACTH-Z twice 

ACTH・Z 
4mg/day ．． 
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(mean of 5 rats in each group) 

Table 9 Alterations of potassium and sodium in urine of rats injected 
with 4mg of ACTH-Z twice 

1 mg¥ 

r mean of 5 rats in each group) 

11.7 

16.6 
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2. E町ectof Two 4mg Injections of ACTH同Z (Fig. 8 and Table 9) 

Intraperitoneal injection of 4mg/day of ACTH-Z on two consecutive days caused 

the Na/K ratio in the urine to rise higher than in the prev'fous experiment. This 
also was due to incr2ascd sodium excretion. Ho¥¥'cvcr, it fell rapidly to a lower 

value than in the last test immediately after the second injection and returned 

more nearl:v to normal. This fall was caused by a dee、.reasein the sodium excretion. 

There was no di百erenceb2twe2n the two gr~ups. This dose was equivalent to 

about 30 times that or~inarily used clinically, so it was considered sufficient to 
activate adrenocortical function in rats. T AMAKI had ahm measured the formaldehydo・

genic co件icosteroidexcretion under these same conditions, and it was made clear 
already with a single injection of ACTH-Z that the formaldehydogenic cortico-

steroid excretion of the fat diet group increased much more than that of the fat-free 

diet group, and t取移 theadrenocortical function was certainly activated with much 

ACTH-Z load. Moreover, there was a distinct di百erencebetween the reaction pat咽
terns of the two groups. 

3. Effect of 3 Days of Fasting (Fig. 9 and Table 10) 

Fig. 9 Alterations of Na/K ratio in 
urine of rats fasting for 3 days 

;:°u『tm’T

＼ 、

1.0 
国

ll.8 

入－1'
、 「・ーー

。目6 、、‘ ． ‘ ‘ I 
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0.1 ‘‘ ! 
0.08 
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Table 10 Alterations of potassium and sodium in urine of rats fasting for 3 days 

、JL Fat diet group ., I Fat-free d凶 group
Urine Potassium .Sodium I 

Days volume. excretion excretion [ 
¥Urine 耐 assiun: I制 ium
volumel excretion excretion 

.1 I 2.5 cc I 0.213meq.I 0.130meq.I 11.2 cc I 0.1引meq.j 0.688meq. 

2 6.9 0.203 1 0.115 I 14.3 0.867 I 0.452 

3. 6.7 0.249 i 0.255 Fasting J0.7 0.374 1.281 

.4 7.7 0.432 0.172 Fasting 13.7 0.466 0.593 

5 5.7 0.268 0.122 Fasting 4.7 0.244 0.504 

6 6.3 0.226 0 061 9.7 0.525 0.084 

7 7.5 0.425 0.192 10.3 0.507 0.682 

8 8.7 0.502 0.372 9.9 0.749 0.667 

(mean of 5 rats in each group) 



I Fat-free diet group 

~ !Potassium !Sodium 
! p並旦~」三Cl竺担盟型旦ナ
13.7 cc I 0.7!6meq. 0.552m伺，
1 i.4 I 0.103 ! o.444 
12β I 0.113 o.505 

14.7 I 2あり 0.090 

20.9 I 3.850 I 0.053 

1'.H I 2.603 I 0.026 

11.3 I 3.470 I 0.029 

16.3 I 1.520 I O.Q76 

10.4 I 0.159 I o.s10 

11.9 : m 士 I o哨

r mean of 5 rats in each group) 

lODays 

The standard diet wa日 givenafter 3 da：－’s' fasting with only water allowe-d. 
The Na/K ratio rose on the !st da:' of fasting due to increased sodium excretion, 
but returned to normal or lower on the 2nd and 3rd da:-・s, fell still lower on the 
cla:-・ eating was resumed, and then returned to normal. This fall in the Na/K ratio 
after fasting had ceased ＂引 consideredto be due to a definite decrease in sodium 

excretion in both groups. 
4. E仔ectof a Low Sodium Diet for 4 Days (Fig. 10, Table 11 and Table 12) 

The sodium content of the two 

diets was lowered for 4 da：γ日 and
th(¥:n returned to normal. 人

spicuous fall in the Na/K ratio occur-

red during those 4 da:-・s and on the 

first day that the standard diet wa日

given. This was due to increased 

potassium excretion and decreased 

sodium excretion. :¥o di百erencewas 

noted between the two g-roups. 

Fig. IO Alterations of Na/K ratio in urine of 
rats on a Jew sodium diet for 4 days 
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Alterations of potassium and sodium in urine of rats on a low 
sodium diet for 4 days 
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5.5 0.292 I 0.092 
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1.6 . !.083 I 0.135 

3.0 I 1.452 I o.028 
6.0 ! 1.206 I 0.015 

7.9 I 1.662 I O.Dl8 

5.4 I 0.525 I 0.025 

1.9 I 0.220 I 0.115 

3.1 I 0.206 I 0.145 
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Table 11 Weight composition of salt 
mixture for low sodium diet 

22.0 g 

95.4 

54.0 

139.0 

26.6 

10.0 

KCl 

K2HP04 

C'al-!.11 1-'0，行H,O

Cal. !act. 

MgSO, 
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Table 13 Alterations of potassium and sodium in urine of rats inj巴cted
with Ice of 4 % formalin 

Days 

Fat diet group 

Urine Potassium Sodium 
¥・olumc excretion ex<:ret1un 

Fat-fr巴ediet group 

UrinC' 'Pvtassium 只odmm
γ。lume C>xcretion' excretion 

3.7 cc 0.308meq. 0.196m町i 6.8 cc 0. !92meq. 0.408meq. 

2 3.6 0.294 0.056 13.4 0.632 0.160 

3 2.1 0.376 0.026 7.7 0.398 0.136 

4 2.0 0.312 0.206 8.8 0.650 0.362 

(mean of 5 rats in each group) 

Fig. 11 Alterations of :-.:a IK ratio in 

urine of rats injected with lcc of 

4銘 formalin
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Table 14 Alterations of potassium and sodium in urine of rats in jected with 

lcc of 4% formalin/day for 3-4 days 

5. E百ect of a Single Injection 

of lee of 4% Formalin (Fig. 11 and 

Table 13) 

After lee of 4 % formalin was 
injeeted into the dorsal muscle, a 

marked inerease of urine volume oe-

eurred in the fat-free diet group. 

After 24 hours the Na/K ratio fell 

and remained low for 48 hours, even 

lower in the fat diet group. By 72 

hours it had returned to nearly nor-

mal. This low value was due mainlv 

to the restriction of sodium exeretion. 

6. E町eetof Repeated Daily In-

Fat diet group Fat-free diet group 

Urine :Potassium !Sodium 
volume, excretion1 excretion 

・ Days Urine Potassium [Sodium 
i Yolume excretion! excretion 
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1.5 cc 

15.1 

14.1 

24.8 

5.5 

2.7 

3.2 

5.3 

11.2 

13目2

12.8 

18.8 

6.6 

5.2 

4.2 

0.417meq. 

0目684

0.410 

0.596 

0.498 

0.421 

0.414 

0.439 

0.403 

0.416 

0.620 

0.528 

0.615 

0.376 

0.345 

0.200meq. 

0.054 11 4う
0.022 I ) Formalm 

lcc/day 
0.054 

0.427 

0.269 

0目291

0.205 

O.Dl8 

0.005 

0.021 

0.014 

0.110 

0.190 

0.262 

4% 
Formalin 
lcc/day 

11.3 cc 

26.3 

28.9 

41.2 

24.1 

10.3 

11.1 

8.7 

21.9 

22.0 

18.7 

24.1 

8.7 

9.0 

8.8 

0.995meq 

1.130 

0.904 

1.504 

0.764 

0.980 

1.290 

1.190 

1.160 

1.070 

1.210 

1.000 

0.888 

1.070 

1.010 

0.64lmeq. 

0.071 

0.032 

0.508 

0.765 

0.710 

0.703 

0.494 

0.068 

0.031 

0.089 

0.735 

0.733 

0.704 

(mean of 5 rats in巴achgroup) 
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jections of lee of 4% Formalin (Fig. 12 and Table 14) 
lee of 4% formalin wぉ injeeteddail~· for 3 da~可 and after a 4 day break, 

for 4 more da~·s. The Na/K ratio of both groups fell, and the fat diet group 

showed an obvious inerease of urine volume. The ehanges in the Na1K ratio both 

groups were similar throughout the experiment. The fall in the Na/K ratio was 

due to deereased sodium cxerction. After 3 days of injeetions, the ratio was higher 

than hcfore the injeetions and returned to normal after 1 or 2 days. During the 

seeond eourse of injections the re刈 lt抗日℃rethe same. In T AMAKI's experiment on 

formaldeh~·dog-cnie eortieosteroid eoneen t ra tiりnin blood under the same conditions, 
there wa日 alsoa definite di百erenceb巴tweenthe reaetion patterns of two groups. 

（工（‘hang-csin Red Cell Count, Hematocrit and Mean Red Cell Volume by 

Large Intravenous Infusions of 5% Gluco同（Fig.13 and Fig. 14) 

Rats of both gTυLl]lS ＼＼℃1℃ anaesthetized I>~· injections of 4cc of 20% urethane 
solution per kg and then 70ee/kgυr 5% glucose solution w出 injeetedslowly (5 to 

10 minute日） into the jugular ¥'Cin. Blood was withdrawn before the infusion and 

30 minutes, one hour and 2 hours after (0.8ec at one lime), and the red eell count, 

hematocrit and reel eell volume wc1℃ determined. The average weight of the rats 

was 267 g and the eireulating blood volume was approximately 20cc. The 3.5cc 

blood rcnH川℃dfor the stuclic,; mu日tnot l>c、ignored,even though it was kept as 

little a日［H川！日ible. Before infusion the fat-f1℃c diet group had a high red cell count 

la H 12 11 10 9 8 2 
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and hematocrit value, indicating blood concentration, and the red cell volume was 
small, also. The serum potassium of both groups was nearly equal, but the serum 
sodium of the fat-free diet group was a little low, while the red cell sodium was 
high, and the red cell potassium was low, indicating that the concentration gradient 

Fig. 13 Red cell count, hematocrit value and mean red cell volume when a 
large volume of 5°占glucosesolution was infus巴dintra venously 

Red cell count Hemat凹ritvalue Mean red cell volume 
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、‘ 50 ＼＼一一一 6.5 ， ， ， ， 

700f 『、、』 、、、‘ ， ， ， ， ， 
E’ ， 

600f 6 

0 1 2 。1 2 。 1 2 

2 Hours 2 Hours 2 Hours 

Fig. 14 Sodium and po~assium concentration in serum and red cells 
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through the red cell membrane ＂川 smallin the fat-free diet group. When a large 

volume of 5% glucose solution was infu日こd intravァcnousl~－， the red cell count and 

hcmatocrit sudclenlγ 〔lεcrease〔lclue to blood dilution, more so in the fat-free diet 

group, which suggests that the circulating blood volume maγha＼℃ been smaller 

before the infusion. The value日 inIJDth groups 1 and 2 hours after the infusion 

were about the same. The red cell volume of the fat-free diet group increased 

sudden!>・ 30 minutes after the infusion and then continued increasing gradually. 

That of the fat diet group, howcnr, increased gradually without a sudden rise at 

30 minutes. The increase of the red cell volume was probably due to the flow of 

water into the red cells. Therefor℃， the丹OWof n’atc1・intothe red cells was ap-

parentl>・ swifter in the fat-free diet group than in the fat diet group. 

N. DISCUSSION 

A. Potassium Balance 

AccordingいHOFFMAN＂の andGAMBLE''3l, the intracellular and extracellular dis-
tribution of wa tcr and electrol≫tc日 ofa health>・ man is as seen in Table 15. ,¥s it 

Table 15 The intracellular and extra-
cellular distribution of water and ele-
ctrolytes of a healthy man weighing 
70 kg 

Extracellular ・ Intracellular 
I space I s凹ce

Water 14 I 35 l 
Potassium 5 meq./I 115 meq./I concentration 
Potassium 70 meq. 4025 meq. 
Sodium 140 meq./I 10～36 m何回／lconcentration 

points out clearb・, the intracellular 

water accounts for nearly 50% of the 

bod>・ weight and contains more than 

20 times the concentration and over 

50 times the quantit>・ of potassium 

as the extracellular・fluidand 98% 

potassium, almost all of it in bod>・, is 

almost limited to the intracellular 

space. On the other hand, the sodium 

is concentrated in the extracellular 

fluid. The reason for this phenomenon 

of limitation of electrol>・te to inside or 
Sodium 1960 meq. 1350～1260問・

outside c℃11日， hasfinal!>・ been explained (by Hoffman，羽T.S. and Gambl巴， JL.) 

h>・ a new concept: the acti＼℃ transfer of electrolytes through the cell membrane. 

UssrNG・川 founcl that the protoplasm of the !Jasal cell nearest the corium of the 

frog’s skin had mechanism for active!：，ァ transportingsodium inside and named this 
the "Sodium-pump”， and he considered that potassium was passive!>・ transported in 
the oppo日itedirection on account of the electric potential of the membrane caused 

b>・ the active trasport. It has recent!＞・ beengenerally admitted that this kind of 

mechanism or a similar t>・pe of active transfer can take place through the cell 
membrane of all living cells. In re: 

is supposed to ingest 70 mcq. to 100 meq. of p〔）tassiuma day’， 90% of which i s 
C手；cretcclthr冒OU』~h the ki【lne>・ (HOFFMAN川）, a vcr~· small amount being excreted in 
theトrn'Catand stools. Since the dail>・ intake and output of potassium are more 

than the extracellular pota出 ium,when the potassium balance ¥Jccomcs positive or 

negative, it is soon reflect川 inalterations of the intracellular potassium. As is 
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indicated b~· the changes in extracellular and intracellular po胞ssiumin the experi-

mental dog on the 6 and one cla~’s before and 4, 9 and 13 da~·s after operation (Fig. 
15), the negative potassium balance after the operation is due to k>ss of intracellular 

potassium. That is, when the potassium intake is low or nil, almost all of the 

potassium excreted in the urine is intracellular potassium. 

Fig. 15 Changes of intracellular and extracellular potassium in 

the dog before and after operation 

meq 

+5 
Extracellul≪r pota田山m

10 

-20 

,-30 

-40 

-50 

-60 

Intracellular po ta罰則m

-70 

-80 

-6 ー1 +4 +9 十ig

Days 

The kidney has the ability to retain sodium, but not potassium (Ev ANS川） • It 
is pointed out that the potassium concentration in the urine of a healthy man is 

4 to 12 times the concentration in the plasma (20 to 60 meq./l) and the potassium 
lost in the urine is 40 to 50 meq. a clay even during fasting or on a potassium-free 

diet (TARAIL~ ； i). This is because the reabsorption rate of potassium in the urinan・ 
tubules is 93.4% whereas that of water and sodium is 99.5% (GAMBLE・i3)). The 

potassium metabolism of gastrectomizecl dogs fed a low potassium diet is explained 

by the destruction of tissue protein resulting from the stress response to the ope-

ration, the subsequent discharge of potassium out of the cells. and the increased 

potassium excretion in the urine. However, if blood sugar is removed to form 

glycogen, the process involves the step K-glucose-6・phosphate; therefore some 
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potassium enters the cells in this wa~＇， and then some of it is discharged into the 
extracellular space when the gl~·cogen is redissolved (FENN”η） . It has also been 
proved that 3 meq. of potassium per g of nitrogen is taken into cell space when 
new tissue is built b~’ th e increas巴ofprotein (ELKINTON叫）. Thus, potassium is 
closely connected "'ith the metabolism of carboh~-c1rate and protein and their trans-
port through the cell membrane. And in addition to this anabolism and catabolism, 
it is able to move with the increase and decreas巴ofextracellular ion concentration. 
For instance, the K;X ratio became more than 3.0 for several da;;s after the ope-
ration, and less than 3.0 if excess potassium ¥¥'aS taken as sodium wa日restricted.
Consequent！ ~·， the negative potassium balance of the gastrectomized dog fod a low 
potassium diet is caused not only b~· potassium loss to the extracellular space due to 
destruction of tissue protein after the operation, but also to the active transfer of 
potassium from the cells to the extracellular space while, at the same time, the 
extracellular potassium concentration巾creasesbecause of the low potassium intake. 
During this potassium deficient phase, the anabolism of tissue protein is more and 
more imperfect because of the calorie deficit叫”と andalthough the protein sparing 
action reported l不’ HANAFUSA•J should be brought about b~· injections of fat emulsion, 
the loss of intracellular potassium increases almost lineary in both groups when the 
supply of calories and potassium is as l<川 ’asthis (Fig. 16), for the potassium 
sparing action of the fat emulsion is hidden by the amount of potassium loss due 
to the deficit of extracellular potassium so no definite di町erencebetween the two 
groups can be seen. 人fterall, t hcsc conditions cause a too extreme potassium 

Fig. 16 Loss of intracellular potassium in dog fed a lむwpotassium diet 
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insufficiency for the infusion of fat emulsion to have an:v beJ'.leficial effect. When a 

high potassium diet was given, gastrectomy was safe as far as potassium balance 

was concerned. Only the outflow of intracellular potassium due to the deficit of 

extracellular potassium is completely prevented in this case, so if tissue protein 

destruction can be reduced b~＇ the infusion of a little fat emulsion, the outflow of 

intracellular potassium is also mitigated as much as possible, so the fat-emulsion-

infused group loses much less potassium than the control group, as Fig. 17 shows. 

And there is even evidence of the in臼owof potassium into the cells in the fat-

Fig. 17 Less of intracellular potassium in dog fed a high potassium diet 
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emulsion-infused group on the 5th cl叫・ after operation, ¥¥'hen the restoration of tissue 

begins. The effect of the fat emulsion is definite, and the weight curve bears this 

out. One of the reasons wh~· the outflow of intracellular potassium is thus arrested 

by the infusion of fat emulsion is certainl:-・ that the fat emulsion reduces tissue 

protein destruction in response to stress. And ＞・ct,the calorie gain from the fat 

emulsion supplied in this experiment is too small for this to be the whole explana-

tion. EF A are fully’supplied b~’ infusion of this fat emulsion before operation, so 

that their various characteristic action・nJ can function smoothl>・ to spare car凶hy-

drate and avoid as much as possible the consumption of d句ot-glycogen.Therefore, 

it is thought that these factρrs also contribute to preventing the outflow of intra-

cellular potassium after operation. Moreover, the structural unit of tissue cells is 

today thought to be lipoprotein, not protein alone, so it goes without saying that 

the infusion of a fat emulsion containing all the EFA before and after the operative 

stress acts more e町ectivelyin the restoration of cells and their functional recovcn・. 
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These specific characteristics of the fat emulsion work together to arm:;t the outflow 

of intracellular potassium. These facts were further clarified b~· the experiment of 

infusing a large quantit~· of fat emulsion in which the loss of potassium after 

operation wa日 Yer.¥・ great):,・ reduced, the potassium balance became positive ve1・〉

earヤ， andthe anabolism of tissue protein began smooth！.＇’ and earl~·. Furthermore, 
repeated infusions of 4cc per kg (0.8g per kg) caused no abnormality of fat meta-

bolism. 

B. Sodium Balance 

Most of the sodium, as has been previous!_¥' mentioned, is in the extracellular 

space, 350 to 1,260 meq. being intracellular and 2,000 meq. extracellular. But it is 

not so definitely localized as potassium. ムslong as the extracellular electrolyte 
concentration is stable, the quantitative exchange of sodium in and out of the body 

is clo"cl.'・ connected with alterations of extracellular fluicl volume in contradistinction 

to the case of potassium, so it must be taken into considcrntion. It is admitted IJ.'・ 

man）・investigatorsthat sodium, in small amounts, moves into the cells as potassium 

m川’csout. But when the exchange of intracellular and extracellular sodium was 

calculated in the same ＇＇’a.' as the J)'.)tassium changes had b:oen determined, it came 

out that the quantit.'・ cxchang-cd sun川町cdeven the total intracellular sodium of a 

dog weighing lOkg. Such a contradiction can be thought to he clue to the following 

reasons: (1) Intracellular sodium is not measured directl.¥・, but extracellular sodium 

and total sodium are measur℃cl and difference cakulatcd. Howcve1、， sinceextra-

cellular sodium is several times more than intracellular, the errors of the former ¥・er.1・ 

great！γinfluence the calculation of the latter. (2) Some of the sodium-rhodanate 

used in measuring extracellular fluid volume enters the cells so that the calculated 

rhodan・spaceis greater than the actual extracellular fl山dvolume. Therefore, the 

intracellular sodium concentration cannot be delcrminecl as a 白xcd value. Con・

scquentl_¥・, the exchange bet＼＼℃仁川intracellular and c:-;:traccllular sodium cannot be discus-

sed quantitati¥'cl.1・ on the basis of this experiment alone. 人11【l."et, as it is almost 

possible to presume from the localization of sodium that cYcn if the movement of 

sodium into the cells cannot be ignorecl, it is slig-ht when compared with its varia-

tion with changes in the extracellular fluid volume, the sodium balance can be 

regarded as Yar>・ing ,,・ith the extracellular fluid volume with onl:• a slight observed 
error. When the cxtraceUular fluid volume is compared ¥¥'ith the sodium balance 

measured on the same day, the two columns plac£d next to each otho-in the 

diagram (Fig. 18) ¥n】uldbe expected tυcome to the same height. Ho¥¥'C＼引・， their

height are di仔erentbecause of the error due to the m川 ’cm011tof sodium into the 

cells and to l he di百erencebctll'CCJ1 the rhodan-space and the rrnl cxtracιllular fluid 

volume. ?¥en:rtheless, despite the difference in the height of the columns water 

and sodium have a general tendency to parallel each other, and the sodium balance 

can be, considered to show alterations of the extracellular fluid volume. The fact 

that the extracellular fluid ¥'olume cliangecl less indicates that the sodium balance 

after the operation varied less in the fat-emulsion-infussd group than in the control 

group. This is in agreement with the I℃suit日 ofTAMAKI's'l and KoeAYASHI1s1' 
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Fig. 18 Extracellular fluid volume compared to sodium balance 
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studies. The changes in sodiuμi after the operation were further decreased by high 

potassium intake, indicating that potassium deficicnc~’ influences sodium metabolism 

con:;iderably, too. 

SELYE has described a series of non-specific reactions to stress, the General 
Adaptation Syndrome, in which the main factor is the hypothalamo-pituitary-

adr.enal system, and ACTH and glucocorticoid are the adaptation hormones. The 

physiological changes which take place during surgical convalescence described b~， 

M~ORE1~） are thought to be of the same nature. Accoiiding to their opinions, almost 

all.,of the sodium is kept in the body with only a very smal.l amount being excreted 

right after the opertion. The secretion of glucocorticoid qegins a few hours after 
th~ operation is started and that of mineralocorticoid increases a few days later. 
The moment the operation starts and throughout its duration, the secretion of λDH 

im~reas:;s and is believed句 pl何， the most important role in water retention. But 
the sodium balance on the <la~， of op2ration was n€gative in both low and high 
po句ssiumdiet groups, because water intake was decreased to about 1/3 of that on 
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the da~· before operation and sodium intake to about 1/2; therefore the water ba・

lance turns negative despite the action of ADH and the extracellular fluid volum巴

is decreased temporarily. When the water intake was made almost equal to that 

before the op巴rationIi.＼’ increasing the amount of fluid infused on the clay of opera-

tion and the 1st and 2nd after in the experimental infusion of large amount of 
fat emulsion, the sodium balance became positiYc. LLAURADo川、3B)and lMAO問、41)

have recently drawn attention to aldosterone as a mineralocorticoicl which increases 

in the urine by 24 hours after the operation and returns to its preoperative value 

after about one week. Therefore, the them下 thatsodium retention on the 2nd and 

3rd daγafter stress is controlled b~· glucocorticoid plus factors other than the 

adrenal cortex (reduced renal hemod>・namics due to increased adrenalin, increased 

ADH secretion, acceleration of PrTTs’mechanism and reduction of circulating 

plasma volume) must be re-examined taking into account the alterations of aldo-
sterone concentration in blood and urine. 

C. Changes in .i¥a 'K Ratio in Urine and the Secretion of Aldosterone 

In 1953 SIMPSON and TArTm-4心 extractedfrom the amorphous fraction of the 

adrenal cortex a new corticosteroid with a strong sodium retaining action and named 

it electrocortin. ¥VETTSTEIN and REICHSTEIN15）叫＞next succeeded in cr~·stallizing it 

and named it aldosterone. Since then it has received wide attention as one of the 

mineralocorticoids secreted physiologically b>・ the adrenal cortex. SIMPSON stated 

that it has 25 times the sodium retaining e汀ectof DOCλ，5 times the potassium 

excreting e任ectand ne注rly100 times the N"a/K ratio diminishing e百ect. It is also 

said to be 25 to 30 times as e百ectivein maintaining the life of adrenectomized 

dogs and 3 times as stable to cold as cortisonem引）. About 200y of aldosterone is 
secreted in adults each day, but onlγ1 to 6γis excreted in the urine円アENNING52)53)).
The ratio beh＼℃en secretion and excretion is not constant. Especially when the 

inactivation of aldosteronc 1ハtheliver is i11tcrf'c1℃d with, it becomes even more 
irregular (KUMAGAYA"I)). 

人目 thereis a correlation between the Na/K ratio in the urine and the aldo-

sterone concentration in the suprarenal venous blood, i. e. aldosterone secretion, it is 

believed best to use the .i¥a/K ratio (or I心Xa ratio) in the urine as an index in 
the bioassay of aldosterone. If the logarithm of the Na/K ratio is used, a linear 
correlation can be obtained1'). Experiment (B) was undertaken with the view that 

the aldosterone activity in the body could be indirectl~· determined with a certain 
degree of quantitative accurac＞’ byア measuringthe Na/K ratio in the urine. Although 

there are different opinions about the region that secretes aldosterone and the 

mechanism regulating it, the following theor~’ has general support. Unlike hydroxy-
corticoid and ketocorticoid, aldosterone is secreted by the glomerular zone of the 

adrenal cortex. Although glucocorticoid secretion is increased b>・ repeated large 

injections ofλCTH, the secretion of aldosterone shows only a slight temporar~· 
increase, and then it decreases to the preinjection level or lower. The Na/K ratio 

did not fall even with injections of l叫 of人CTH-ZO凹eor 4mg daily for 2 days; 

on the contrarγ，it even started to incr℃ase. Thi日 meansthat the secretion of 
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aldosterone is not influenced by ACTH in either dosage schedule. Glucocorticoid has 
been said lw SwrNGLE"5l, KuMAGAYA°'° and CAMARA5の to bQ an anti-aldosterone 
steroid, and if it is injected together with aldosterone, to be antagonistic and lessen 
its effect57J. It is accordingly believed that the secretion of glucocorticoid is pro-
moted l乃’ injectionsof large amount of ACTH-Z, which thus diminish the action 
of al~osterone and increase Na/K ratio. Then what controls the secretion of aldo-
sterm1e, since ACTH is not the main factor ? Many investig-:ators believe that body 
fluid volume does. Restriction of sodium intake and loading with potassium are 
considered to stimulate the secretion of aldosterone ；γet they do not do this by 
altering the potassium and sodium concentration in serum or the total amount. of 
potassium and sodium in the body but by causing changes in extracellular ,fluid 
volume. FARRELL"8】53Jbelieves that there is an aldosterone regulating center in the 
diencephalon which receives stimuli from peripheral receptors sensitive to changes 
in electrolyte concentration and which secretes glomerulotropic hormone (G. T. H.). 
This hormone reaches the glomerular zone of the adrenal cortex humorally as does 
ACTH and stimulates aldosterone secretion. In the experiment with a low. sodium 
diet, a conspicuous fall of the urinan' Na/K ratio occurred as soon as the diet was 
started, and sodium was e百ectivclyretained. This indicates that ~at and fat-free 
diet groups could endure the low sodium diet iη・ a full secretion of aldosterone. 
The fact that the Na/K ratio was still low on the !st clay when the standard diet 
was resumed, show日thatthe ability to secrete aldosterone is prolonged beyond the 
immediate necessity. In this cxp:::riment no di百erencewa日 Sコヨnbetween the rats 
in the fat diet group and those in the fat-free did group as to .:.Ja/K ratio changes. 
Stress caused by the injection of formalin also causes the Na/K ratio to decrease 
definitely. As has been pro-.red b:-・ TAMAKIγn experiment, formalin also works well 
as stressor for glucocorticoid and has been used ,,・idcl.＼’ in cxpei・iments on stress 
response since SELrn's first report on this subject. Formalin has this action even 
though starvation was not capable of causing an increased secretion of aldosterone. 
These findings show that both stai・vation and the injection of formalin non-specifi-
cally e庁ectglucocorticoid secretion as stressors but that formalin onlγis specific for 
aldosterone. For instance, the appearance of man｝・vacuolesin the glomerular zone 
following injections of formalin (MoRrりO〕） suggests that it acts direct!.＼’ on the 
glomerular zone and indirectlv on the fascicular zone through the medium of ACTH. 
TAMAKI admitted the distinct di汀erencein the concentration of formalclehydogenic 
corticosteroid in blood between the rats on the fat diet group and those of the fat-
free diet group caused by injections of formalin, but ih both groups the Na/K ratio 
fell in about the same degree and no de白nitedifference ¥YaS recognized in any of 
these stress experiments. 

As noted above, there was no di庁erencein the changes in the urinar.¥' Na; K 
r~tio between the fat diet and fat-free diet group; this 1γas to be expected in the 
experimこηtswith .ACTH and with fasting, that did not cause increased secretion 
of aldosterone, but it was also true in the experiments with low sodium diets and 
repeated injections of formalin, that are known to cause the S巴cretionof aldosterone 
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to increase. These facts indicate that adrenocortical capacity is not decreased by 

EF A insufficienc? at least as far as mineralocorticoid is concerned. Previous reports 

from our laboraもonhave indicated that the abilit：γto secrete glucocorticoid is dis-
tinctly decreased in organisms lacking EF A, and that so-called relative hypoadreno-

corticism occurs because the adrenal cortex is not able to provide the quantit;,' of 

glucocorticoid that the organism needs to meet the stress別）＂1). This th印ryis 

applicable only for glucocorticoids in relation to this experiment, and not to mine-

ralocorticoids at all. MATsunA5) has investigated the histological and histochemical 

manifestations of adrenocortical response in the starvation test in the two groups 
of rats (low fat diet and high fat diet). Although he noted such exhaustive 

changes as the depletion of lipid granules in the adrenal cortex, bleeding and 

cytolysis in the low fat diet group, none of these changes m℃I℃ seen in the high 
fat diet group. It is note＼＼’orth;,・ that these changes wc1℃ not seen in the glomerular 

zone but were limited to the fasticular zone ; no di百e1℃ncewas seen in the glomか

rular zone between the two groups. This finding is in perfect agreement with the 

results of this experiment. Thus there seems so far to be no indication of a direct 

cause and effect relationship between EFλde白cienC,¥'in the bod;,・ and the biosyn・

thesis of mineralocorticoid. This problem must still be brought to its final conclu-

sion h,¥' e；叩erimentalbio日＿＼＇nthesisof aldosterone with isotope C14. Furthermore, as 

some other unknown factors besides EF A ma;,・ be involved in the process of 

aldosterone bios;,-nthesis, the writer's experiment might led to the回 meresults even 

without an;,・ direct causal relationship. . ¥s has al read;,・ been mentioned, though, 

dehydration or excessive fluid supply is frequentl，＼’ present during operative stress, 

at which time the permeability of capillar;,・ walls or cell membranes to ,,・ater is 

greatly increased in organism lacking EFλ，which are directly involved in the 
construction of capillary ＂’alls or cell membranes; th仁refore,slight deh;,・dration or 
overh;,・dration causes unexpectedly great change日 ofwater di日trilmtionin the bocly. 

There is clear evidence that the change of extr礼cellularspace at that time acts as 

a stressor and the secretion of aldosterone is casil;,・ in丹uencedexec出 ivcl;,・ b,¥・ slight 

deh;,・dration or overh,\•dration. E¥・en if EF人 hadno direct connection with aldo-
sterone bios;,・nthcsis, they would increase or suppl℃山 thesecretion of aldosterone 

easil;,・ seconclaril;,・ ; and these changes would be ＼’er;,・ great in organisms lacking 

EFA. This is probabl;,・ one of the main reasons that the movement of electrolytes 

was great!;,・ reduced in clogs given fat emulsion before and after gastrectomy as 

compared with the control group. Therefore, it is reasonable to think that fat 

supply also has a great influence on the secretion of alclosterone, even though 

secondaril;,-. :¥ext, a very simple experiment was done to investigate how the lack 

of EF ＂~ changes the permeability of cell membranes to water as expected. 
D. Changes of ¥Vater in Red℃ells 

I’ANos'11J has reported that one of the most striking characteristics of fat defi-
cienc;,・ was elevation of the basal meta)Jolic rate. In consequence, the basal oxygen 

consumption of rats fed a fat『 iree diet increase日， whiletheir water consumption is 

twice that of the control group, ancl the increase in weight of the fat-free diet 
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group is onl~＇ 67% of the fat diet group although they receive the same numb2r 

of calories. The insensible water loss of the fat-free diet group was up to double 

that of the high fat did group at 40% humidit~·. Thes己負ndingspJint out that 

the permeability of skin to water is abnormallyア accelerated,and it is not hard to 

imagine that the body water of animals lacking fat is lower than in tho同 supplied

with enough fat. TAMAKI J has reported that the combined use of the emulsion 

and RINGER’s solution before gastrectomy is ven’helpful in maintaining circulating 
blood volume and extracellular fluid volume at nearly normal levels, while this was 

not possible when fat emulsion was not used. KoBAYASHI J obtained the same 

results in his experimental studies on dogs. 

The writer also could confirm the increase of water consumption and the 

decrease of body water reported by PANOS, from the large urine volume in the fat-

free diet group in Experiment (B), the great increase in the red cell count and 

hematocrit value, the small mean red cell volume and the hasty fall of the red cell 

count and hematocrit value after the infusion of a large quantity of 5% glucose 

solution in Experiment (C). EF A form a part of certain lipoproteins, which are 

a combination of lipids and proteins, and indispensable structural units of tissue. 

Recently, the importance of the structural function of EF A has attracted attention 

(SINCLAIR 9l); the structural deficiency of cell membranes caused by EF A insufficiency 

results in increased permeability, and NAGASE8J has investigated this as one of the 

factors in postoperative pulmonary edema. Moreover, it is now generally believed 

that active transport through the cell membrane occurs with carrier which requires 

energy consumption. In 1956 SowMoN'"l discovered in red cell membranes a sort 

of fat that has a伍nityfor cations, especially the potassium ion, ancl reported that 

it was soluble in lipids and might be the carrier of electrolJ・tes through the cell 

membrane. These自ndingssuggest that EFλmay have a more important function 

in cell membrane permeabilityア bγparticipatingdir2ctlJ’in the transport of cations 

in addition to their importance as part of a structural unit of cell membranes. 

Therefore, it is considered that the mechanism keeping the gradient of ion concen-

tration inside and outside of the cell depends on the structure of the cell membrane 

plus the carrier and the energy system making the carrier work, and that when 

this mechanism is damaged in EF A de日ciencychanges in the permeability of cell 

membranes result. The low gradient of sodium and potassium concentration in 

Exp巴riment(C) seems to support this concept. The fact that the mean red cell 

volume of the fat-free diet group is more rapidly increased by the injection of 5% 

glucose solution than that of the high fat diet group indicates the ease and rapidit；.ア

with which water passes into cells, pl¥J¥'ing that the permeability of cell membranes 

is much greater in the former than in the latter. 

V CONCLCSION 

The following conclusions were: r己achedabout the relations between fat and 

electrolyte metabolism and the function of mineralocorticoids in a series of experi-
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ments on dogs infused re］〕eatecllywith 20% sesame oil emulsion and rats fed fat-

free diets. 
1. Repeated supplies of fat do not disturb the stability of sodium and potas-

sium concentrations in serum at all. 

2. The combined use of enough potassium and fat is e町ectivein preventing 

potassium loss after operation and in providing a definite protein sparing action. 

3. A double dose of fat further imprn＼γes the potassium balance. 

4. The fat suppl~， is able to maintain sodium balance so that it alters mini-

mallγwith borlγfluid changes in the pre-and postoperative stages and sta~＇S close 

to normal throughout. 

5. The secretion of mineralocorticoid is accelerated by neither the injection of 

ACTH nor fa日ting,but it is definitely stimulated by a low sodium diet and the 

inj~ction of formalin. 

6. In this experiment, a direct cause and e百ectrelation between EF A and 

mineralocorticoid m’ω le日日 evident than between E,Fλ and glucocorticoid. Mineralo-

corticoid still possessed fully it日 reserve secretor~· capacity even when EF A were 

deficient. However, the白naldecision as to whether or not EPA are involved in 

the biosynthesis of mineralocorticoids must be left to future experiments. 

7. A decrease of body water and an increase of red cell membrane permeabi-

lit~守 are noted in EFλdeficiencγ，which damage the mechanism maintaining the 
gradient of ion concentration on either side of the cell membrane and thus cha.nge 

the p2rmeabilitγof cell membranes to water and electrol~·te日．

8. Therefore, although this experiment could not prove a direct relationship 

b2tween EF A and the bios.）アnthesisof mineralocorticoid, the unexpectedly great 

changes in the extracellular space which develop easily in EF A deficiency when 

dehydration and overhydration are induced, as at times of operative stre田， canbe 

explained by increase in permeability of capillary walls and cell membranes. This 

changes in the extracellular space act as a stressor and has a great in臼uenceon 

the secretion of aldosterone. For this reason the group infused with fat emulsion 

before and after op巴rationhad much less change in electrolyte balance than that 

not receiving fat emulsion. Therefore, the use of fat emulsion infusions is consi-

dered to be a large factor in keeping the electrolyte distribution in the body con-
sistenth・ close to normal. 

The author wishes to express his sincere gratitude to Dr. Y. HIKA耳A.the lecturer of our 
clinic. for his h巴lpfulsuggestion and kind guidanc巴 ofthe work. 
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和文抄録

脂質補給と電解質動態

京都大学医学部外科学教室第2講座（指導．青柳安誠教授）

田 中 庸 介

脂質補給が術前・術後を通じて水分代謝に極めて有 解質ホルモンとの直接的因果関係、はp 不可欠脂酸と糖

効的である事実から，電解質代謝にもまた重要な役割 質ホルモンとの関係、ほど密接なものではなく p 不可欠

を有するであろうことはp 容易に考えられるところで 脂酸の欠乏した状態下でもp なお喧解質ホルモンはそ

あるが，また更に脂質補給は体内コレステロールの代 の分i必予備力を充分に有している．併し：不可 r河白書をが

謝を介して電解質ホルモンの生合成にも何らかの役 電解質ホルモンの生合成に関与しているかどうかの最

割を演じていることも考えられるのである． 終的結論は今後の研究にまたなければならない．

JWち以上の観点に立って＇ 20%ゴマ油乳剤を連続注 17) 不可欠脂酸の欠乏した個体ではp 体内水分量が

入した犬および無脂質食を以て飼育したラッテを用い 減少し，赤血球膜の透過性が充進することが認められ

て一連の実験を行ない，その成績からP 脂質補給と電 る．而も不可欠脂酸の欠乏した状態下ではp その結果

解質動態との関係，更にこれを支配する電解質ホルモ 細胞膜の内外イオン濃度の勾配を維持する作用にも障

ンとの関係を究明して次のような成績を得た． 碍を惹起するようになりp 水分および電解質の細胞膜

（！）脂質の連続投与は血清ナトリウムP カリウム濃 透過性に変調を来たす．

度の恒常性を何ら撹乱するものではない． (8) 従って本実験ではp 不可欠脂酸と電解質ホルモ

12）充分なカリウムと共同脂質を投与すること ン生合成との間にp 直接的因果関係を立証することは

は，手術後のカリウムの体外喪失を防ぎ，同時に著明 出来なかったが，不可欠脂酸の欠乏の有無は個体の毛

な蛋白節約作用を招来せしめる． 細血管壁p および細胞膜の透過性の充進と密接な関係

131 脂質の投与量が増大すればするほどp カリウム を有するからP 実際の手術侵襲時のようにp 脱水ある

平衡は更に一層改善される． いは給水という条件が加わるとF 不可欠脂酸の欠乏し

14）手術前後の体液量の変動に伴ってF 著しく動揺 た個体にあっては，意外に強く且つ容易に細胞外液相

するナトリウム平衡はp 脂質の投与によって最小限に の変動を招き，それが Stressorとして作用し，分泌

とどめられP 正常状態に近い状態を終始保つことが出 されるアルドステロンの分泌状態にも著しい影響をお

来る． よぼす結果となる．このような意味でも，脂質の補給

15）体内電解質ホルモンはACTH投与p 絶食等にょ が術前・術後に亘り応用された際にはp 脂質が投与さ

つてはその分泌充進を来さないがp ナトリウム制限食 れなかったものに較べて，電解質の変動が極めて少な

およびフォルマリン注射によってP その分泌は著明に し従ってその生体内分布が終始殆んど正常状態近く

克進する． 保持される一つの大きな原因となり得る．

(6）本実験法のみをもってすればp 不可欠脂酸と電


