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EXPERIMENTAL STUDIES ON THE INTRA VENOUS 

ADMINISTRATION OF A FAT EMULSION FOR 

NUTRITIONAL PURPOSES 

]Jy 

Hrnosm OsA 

From the 2nd Surgical Di＇’ision, Kyoto University Medical School. 
(Director : Prof. Dr. Y ASUMASA AoYAm) 
〔Receivedfor Publication: Dec. 5, 1955.〕

Surgical operation has two main dangers, one caused by operation technique 

itself, and the other dependent upon the patient’s pathological condition. For the 

purpose of preventing the latter danger, a surgeon administers parenteral nutrition 

to the patient. Accordingly, for the purpose of more effectively utilizing amino 

acids which have been parenterally administered, even though quantitatively 

insufficient, for tissue protein synthesis, there would be no alternative but to supp-

lement the resultant caloric insufficiency with carbohydrate and fat. This is the 

very reason why we surgeons expect on the “Protein Sparing Effect" of carboh・

ydrate and fat. But, notwithstanding, fat compares far more advantageously with 

carbohydrate with respect to calories. Thus far a very few studies on parenteral 

nutrition with fat have been performed. Independent of studies of McKIBBIN and 

SHAFIROFF, in 1949, we succeeded in our laboratory in producing a fat emulsion 

which could be safely given intravenously, and since then we have continued this 

experimental stud~＇ ， and the clinical observation on the same. TsuKADA in our 

laboratory reported that cod liver oil emulsion, which was infused intravenously, 

was changed in the body through the stage of lipoprotein for once when the infused 

fat was effectively utilized in the body. However, quite different from the oral 

administration of fat, in order to achive the objective of nutrition with fat by 

infusing a fat emulsion intravenously such as we have done experimentally, a fat 

emulsion which principally contains triglycerides of long chain fatty acids, such部

oleinic acid, etc., should be used, as ascertained by SHIROTANI in our laboratory in 

his study on the fat content in thoracic duct lymph. On the other hand, from 

the results obtained in the experiments on hemol?tic phenomenon, it was also found 

that the use of trigb・cerides of short chain fatty acids should absolu旬Ivbe avoided. 

Thus, it became evident that the use of co'.l liver oil emulsion containing compar-

atively large quantiti郎 ofshort chain fatty ni::ids as mentioned above, fo undesirable. 

For these reasons, we have prepared and used sesame oil emulsion which does not 

contain any short chain fatty acids. The author has done electrophoretical deterrn・

inations of the change日 incirculating lipoprotcin in the ca日 0r in trm'en ous in fusion 
of sesame oil emulsion. Thじ日Cresults ha¥'C been compared with the previous reports 

b~・ TsuKADA, in which he u日cda cod liver oil emulsion. The author studied the 



INTRAVENOUS ADMINISTRATION OF A FAT EMULSION 

Table 1 

Electroph-0retic Fractions in Normal Rabbit Serum. 
〔Valueshows mean of 90 samples.) 

T. P. I Alb. I a-Glob. I f,-Glob. I )-Glob. 
g/dl I % I % I % I % 

5.94 I 60.7 I 8.9 I 18.1 I 12.3 
(5.4～7.4) I (48.9～63.5) I (6.3～16.7 i I (13.3～28.3) I cs.a～20.9) 

Table 2 

Electrophoretic Fractions of Rabbit Serum before 
and after Infusion of Fat Emulsion. 
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problem of whether or not the 

fat, which is parenterally admi-

nistered in the form of this 

emulsion, is effectively utilized 

in the body with the “Protein 
Sparing Effect，＇’by observing 

the changes of body weight, 

serum protein, nitrogen balance, 

and the effects on the processes 

of tissue protein synthesis. 
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Table 4 

Controls. Electrophoretic Fractions of Rabbit Serum 
before and after Simultaneous Infusion of Glucose 
Solution with Methionine. 

C8H1103N2Na, 0.02 M Co(NH)2 

(Co)2C(C2H5)2, with a pH of 

about 8.6 and an ionic strength 

of 0.1, was used. Determination 

Time [Rabbit I T. P. I Alb. I o:-Glob. [ [:l-Glob. [ ）心l<;ib.of circulating serum volume was 
after i I I I I I -
infusion I No. I g/dl I % I % I % I % made出 ctoroph伽 netricallyby 

1一一一一7 6.a-----1 55.z l9:o-I z王子一寸王「 useof 0.3 per田ntEvans-blue. 
i主~I 二二一」L」一旦z旦＿l_l主J」旦.§ 1_1_5~！－ The estimation of serum water 

I I 6.3 I 63.4 I 6.9 I 11.5 ! 15.2 
3 hrs. ! 41 I 6.0 I 65.1 I 6.5 i 1 l.2 川辺 was made by KURODA’s modified 
o 1 42 I 5.4 I 60.4 I 1r.1 I 11.6 i 10.3 method. 
6 hrs. I I 5.6 I 60.1 I 12.2 I 17.9 I 9.8 
つo I 43-I -6:-1154.~－1-s:-o-117:-r-i 10.1 Nitrogen Determinati仰： Uri・
12 hrs. ! I 6.0 ¥ 62.4 ! 8.3 ¥ 18.6 ) 10.7 nary and fecal 凶 rogenexcretion 

I I 5.8 I 68.5 I 7.7 I 16.5 I 7.3 
24 hrs. I 45 I 5.8 I 63.6 I 7.2 I 21.5 I 7.7 were d伽 mined by KJELDAHL 

analysis. 

Experimental hypoproteinemia in rabbits, fed by ordinary low pro白in,low 

calorie feeding for 7 da~刊 was induced by plasmapheresis, leading to decrease of 

about 4.0 g per cent in total serum protein concentration. 

The Determination of Liver Tissue Protein: Physiological saline-soluble or insolu-
ble protein was determined by FrsHMAN, & VEEN’s method. 

RESULTS 

1. EXPERIMENT AL RESULTS IN NORMAL HEALTHY RABBITS. 

(A) Total serum protein concentration and electrophoretic-fractionated serum 

protein were as shown in Table 1, in 90 cases of adult healthy rabbits, each wか

ighing about 2.0 kg. 

(B) Changes in serum protein components in case of single infusion of fat 

emulsion: AsADA, NAKATA, SENる， NISHINO,and others in our laboratory previously 

carried out the histological and biochemical studies on the metabolic proce回 offat 

when cod liver oil emulsion was infused intravenously. They pointed out the fact that 

the infused fat is firstly phagocytized by the alveolar phagocytes, KUPFFER's cells, 

reticuloendothelial cells of the spleen, etc,, and also that the neutral fat gradually 

changes over to phospholipid in these cells, and then enters the hepatic parenchy-

matous cells where it is oxidized. Furthermore, TsuKADA studied the metabolic 

process of fat in body from the viewpoint of protein metabolism, and revealed that 

Table 5 
Changes in Serum Protein and Serum Water Following Intravenous Infusion of 
Fat Emulsion. (Each values show mean of samples.) 

Remarks I Serum I 0 '10 min.¥ 3o min i I hr 

Emulsion iT. P. (g/dl)j 5.2 I 5.35 I 5.2 I 5.2 I 4.9 j 4.8 I 5.2 ~.~I~ 
+ I ’ I I I 

型h竺竺 J只W ( 0; JI ~3.31 : 'rl.'.25 I 9~竺｜－ぞ：！とL竺出－竺~l … ι012.92 I… 
T. P. ( g-/dl 1[ 6.2 I (i.0 5沿： 5.8 I 5.8 I 6.o I 6.2 I 6.o I 6.2 

（‘ontrol I ・ I I I I I 
日 W. I九11 叫 i山！削4i 92.68 I 92.58 I山 iiりJ18 I川 5I 92.11 
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infused fat must pass through the phospholipid stage in order to be utilized in 

body. It has thus been clarified that plasma lipids combine with protein to form 

lipoprotein, and exist in plasma in the form of ・a-and β－globulin fractions, and 

that βーlipoproteinconsists of 25 per cent protein and 75 per cent lipids. Further-

more, it has recently become evident that 30 per cent of the above lipids are ph-

ospholipids, 45 per cent of the latter being cholesterol ester and free cholesterol. On 

the other hand, it has been found that αーlipoproteincontains 65 per cent protein 

Table 6 
and 25 per cent lipids. Thus α－ 

and β－globulin are comprised of 
Electrophoretic Fractions of Dog Serum before and lipids in excess of 50 per ・Cent. 
after Infusion of Fat Emulsion. 
(Each values show mean of 2 samples.〕

ITime I T. P. I 
Re mar ks lafter I I 

!infusion' g/dl I 
A: 1 •:ob I 'G~ob I y-:ob 

O I 7.1 I 43.65 I 22.35 
30 min.I 6.2 I 43.30 I 26.05 

Emulsion I 1 hrs. I 6.45 I 42.70 I 23.80 
＋ 

Methionine 2hrs・I6.4 
4 hrs. 6.1 
6 hrs. I 6.1 

43.55 23.60 
44.30 22.90 
44.1亘 22.45 

Table 7A 

22.15 11.85 
18.55 lZ.10 
22.05 11.45 
20.85 lZ.00 
21.45 11.35 
21.75 11.65 

Controls. Nitrogen Balance. (Each values show 
mean of 2 samples.) 

Remarks 
0 j ~ I ~ I Total 

同！ 210 I ，~：＇ 126::' 1,::1 
Body weight 
Weight loss g 
Decrease % 

18.015 8.785 26.800 

The increase in α－and β－globulin 

fractions affects the refractive 

index of serum protein fraction 

as an increase in lipids rather 

than increase in protein. This 

becomes recognizable as though 

an increment of a-andβ－globulin 

fraction in the case of the infu-

sion of the cod liver oil emulsion 

for the infused fat formed 

lipoprotein, and for its ability加

change step by step into the blood 

lipids inherent in the body. The 

author studied the fluctuation in 

α圃 andβ－globulin in the infusion 
of sesame oil emulsion, and 

compared the results with those 

obtained in TsuKADA’s experi-
men ts. 

(i) EXPERIMENTAL RESULTS Urinary nitrogen output g 
Fecal nitrogen output g 1.803 

-9.169 
0.809 I 2.612 IN RABBITS. 

Nitrogen balance g 一3.2111-12.383 Single Administration of the 

Table 78 
Fαt Emulsion: It is obvious that 

the total serum protein and the 
Controls. Electrophorεtic Fractions of Se 
(Each values show mean of 2 samples.〕 ele:::trophoreticcomponents must 

Serum 
protein 

T. P. 

Alb. 

α－Glob. 
トGlob.
α『Glob.

g/dl 

% 
% 
。ノ
/0 

。
,o 

I under Days of infus10n 
一一一一一ーで 一一一一 blood samples of 7 cc were remo-
0 I 10 2臼 vcrlfrom the same test rabbit 

5.8 
59.45 
8.15 

16.~ 

16.0 

5.I I for electropho問tic analysis. 

59.2 I Therefore, to avoid this, collection 

8.15 I of blood samples from the same 

18.8 I rnbbit was not done successively. 

13.85 I When the first blood speciments 



were collected, total serum protein 
Effect of Daily Infusion of Fat Emulsion on Nitrogen concentration and electrophoretic 
Balance. (Each values sho明 meanCl'f 3 samples.) fraction were measured. Then 7 

Days of infusion I days later the fat emulsion W儲

0 i 10 I 20 I Total intravenously infused at the rate 
ト一一一l一一一←ト一一－ of 0.5 g of fat per kg body we・

2.130 I 1.880 I 1.760 I ' I I ight into a rabbit which was in 
250 1120 1370 
11.g I 5_9 I 17_8 the postabsorptive state. The 

11.防 I10.651 I 22.306 blood samples were drawn from 

1.188 I 1品 4I 3お 2 each different rabbit 10 minutes, 
-Z.793 I -1.566 I -4.359 30 minutes, 1 hour, 3 hours, 6 

hours, 12 hours, 24 hours, 36 ho圃

Table 9 urs and 48 hours, respe氾tively,
Effect of Daily Infusion of Fat Emulsion on Electrophoretic after the above infusion of fat 
Fractions of Serum. (Each values show mean of 3 samples.) emulsion, and, the total serum 

Serum I Days of infusion 、proteinconcentration and the el-

protein I 0 I 10 I 20 ectrophoretic fraction were esti-
' ' 一一一i一一一一一 mated,so as句 makecomparative 

5.5 I 5.6 
I study of the levels before and 60.2 I 56.6 
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Remarks 

Table 8 
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Body weight kg 
Weight loss g 
Decrease % 

Urinary nitrog巴noutput g 
Fecal nitrogen output g 
Nitrogen balance g 

T. P. g/dl 

% 

5.3 

Table 10 ter infusion. Thirty minutes af-
Effect of D也ilyInfusion of Fat Emulsion with Methionine ter infusion and thereafter it 
on Nitrogen Balance. (Each values show mean of 3 samples.) 

deer官邸edprogressively. No abno・

I Days of infusion I rmal changes were observed in 
Remarks I , , I Total I o I 10 I 20 I the el凹 trophoreticpatterns. The 

kg iユlli11.947 1 1.827一一一叫buminshowed a slight tende町
I I to increase IO～却 minut邸 af旬r266 1120 1386 

Alb. 

<X-Glob. 

~－Glob. 
7・Glob.

%

%

%

 

Body weight 
Weight loss g 

Decrease % 

Urinary nitrogen output g 
Fecal nitrogen output 
Nitrogen balance 

62.1 
10.4 
16.6 
10.9 

g 

g 

9.9 
18.7 
11.2 

10.7 
19.4 
13.3 

after the infusion. 

As indicated in Table 2, the 

total serum protein concentration 

slightly increased IO minutes af-

12.4 
10.967 
1.768 
-2.088 

infusion, but no pronounced ch-

ange was observed until 24 hours 

after. The α－ and β－globulin 
showed a slight tendency to incr-

ease 30 minutes～one hour after 

5.1 
11.097 
1.632 
-2.080 

17.5 
22.064 
3.400 
-4.168 

infusion, and continued only slight fluctuations up to 6 hours. The increase in 

the γ－globulin was not clearly observed. As compared with the findings in case 

of the cod liver oil emulsion reported by TsuKADA, it was observed that the sesame 

oil emulsion could be utilized far more smoothly than the cod liver oil emulsion. 

According to the experimental results by IzuKURA, when sesame oil emulsion, which 

contains no short chain fatt~· acid:-;, wa日 infusedintravenously into rabbits, the 

infused fat, which was changed into phospholipid from neutral fat b.）’ the reticulo-
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endothelial cells was processed not only in the liver but in every tissue of the 

body where it could be oxidized. On the contrary, in case of infusion with cod 

liver oil emulsion, triglycerides-of short chain fatty acids which are contained in a 

comparatively large quantity, was always oxidized only in the hepatic parenchy-

matous cells”after it hacl:been changed into~ phospholipid, and could not be oxidized 

Table 11 
in the extrahepatic tissues, with 

the result that there occurred a 

remarkable accumulation of ph-

ospholipid in the hepatic paren-

chymatous cells. A similar con-

clusion can be reached from 

the results obtained in the expe帽

Effect of Daily Infusion of Fat Emulsion with Methionine 
on Electrophoretic Fractions of Serum. 
(Each values show mean of 3 samples). 

Serum 
protein 

rimental observation by HAsHINO T. P. 

that-cod ·uver~ oil’emulsion is ob- Alb. 

α－GI ob. 
~－Glob. 

γーGlob.

g/dl 

% 
% 
% 

% 

Days of infusion 

。
5.96 
62.6 
9.8 

16.4 
11.2 

Table 12A 

10 

5.7 
63.7 
8.6 
18.3 
9.4 

20 

5目5

56.5 
11.8 
20.3 
11.4 

ligatory ketogenic,'_whereas sesa-

me oil emulsionc is facultative ke-

togenic. Hence, it seems logical 

that the elevation of blood lipid 

levels, which diffused into the 

circulating blood after having be-

en phagocytized by the reticulo-

endothelial cells,-is liable to occur 

in case of infusion-with cod liver 

oil emulsion for the reason that 

Controls. Effect of Daily Infusion of 7 per cent Glucose 
with Methionine on Nitrogen Balance. 
(Each values show mean of 2 samples.) 

Days of infusion 
Remarks 。 10 

the cod liver oil emulsion is apt 
Body weight 

加 beslow)n the oxidative proc-Weight loss 
2.26 I 1.66 

ess o（~ phospholipid )n tissues as Decrease % 

compared with the sesame oil em-Urinary nitrogen output g 

ulsion. We believe that the elev田 Fecalnitrogen output g 

ation of blood lipid levels influe-Nitrogen balance g 

need the electrophoretic patterns, 

Table 12B 

600 
22.1 
21.063 
1.745 
ー12.158

20 

1.30 
360 
20.3 
15.275 
0.832 
-9.777 

Total 

960 
42.4 
36.338 
2.577 
-21.935 

especially the changes of・ α，’． 

j3-globulin, and caused a signifi-

cant difference between.the'cod 

liver oil emulsion"and the sesame 

Controls. Effect of Daily Infusion of 7 per cent Glucose 
with Methionine on Electrophoretic Fractions of Serum. 
(E:i.ch values show mean of 2 samples.) 

oil emulsion. 

Simultaneous Infusion of the 

Fat Emulsion with Methionine : 

AsADA, and others previously cl-

arified the fact日－HJ.atmethionine 

enhances the activitv of the reti-

culoendothelial cells to utilize fat, 

Serum 
protein 

T. P. 
Alb. 
<X-Glob. 
il-Glob. 

J・Glob. 

g-/dl 

% 

% 

% 
。／。／ 

Days of infusion 

。 10 20 

6.4 5.0 
61.7 61.4 
9.2 6.9 
17.1 19.0 
12.0 12.7 
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and that neutral fat is smoothly and rapidly changed into phospholipid in these 

cells. leading to the secondary acceleration of the process of oxidation of fatty acids 
in tissues. In order to determine what alteration the lipoprotein would undergo 

when the present fat emulsion was intravenously infused simultaneously with meth-

ionine, the author added 10 mg of !-methionine per kg body weight. As controls, 

7 per cent glucose solution, 3.3 cc and !-methionine, IO mg per kg body weight 

were simultaneously infused. As indicated in Table 3, a slight decrease in the 

total serum protein concentration was observed after infusion in all c拙 es.However, 

no abnormal peak was shown in the electrophoretic patterns. A slight increase in 

the albumin was observed IO～30 minutes after infusion. Thirty minutes～one 

hour after, the α－ and β－globulin showed a slight increase. Three hours after, no 

change in the α－ and β－globulin was observed. Twenty-four hours after, the β－ 
globulin again increased. No abnormal increase in the γ－globulin was shown. On 

the contrary, the controls (Table 4) indicated a slight decrease in the β－globulin 

one hour after and showed a increase after 24 hours. Therefore, the increase in 

the β－globulin after 24 hours which occurred in case of the simultaneous infusion 
with the fat emulsion and methionine is presumed to be due to the fact that the 

depot fat in body been mobilized by methionine. As above-mentioned, in case of 

single infusion of cod liver oil emulsion reported by TsuKADA, a remarkable incr-

ease was observed in the α－ and β－globulin 24 hours after, and in case of the 
combination with methionine, the same remarkable increase in theハー andβ－glob-
ulin occurred very rapidly. However, from the results obtained in the present 

experiments using sesame oil emulsion, there was noticed no significant difference 

in the changes of the α－ and β－globulin between the infusion of the fat emulsion 
alone and the infusion of the fat emulsion in combination with methionine. This 

fact indicates that even in the cas巴 ofthe infusion of fat emulsion alone, the 

infused fat is smoothly and rapidly utilized, and there occurs no elevation of 
lipoprotein in blood. 

Changes of the serum protein concentration : When this fat emulsion is intrave-

nously infused, it is often noticed that the serum protein concentration is usually 

lowered in respective of whether or not methionine is simultaneously used. However, 

it does not seem reasonable that this result is attributable to the decrease in total 

circulating albumin. The increase in the serum water was observed at the very 
sarne time that the total serum protein concentration began to decrease as indicated 

in Table 5. As compared with the controls, the total serum protein concentration 

was lowered for a longer time, and the degree of the increment in the volume of 

water was more remarkable. The cause of these phenomena can hardly be cons-

idered due to the water in the emulsion. The mechanism of this phenomenon is 

thought to be clue to the transitory elevation of blood lipid levels caused by the 

infusion of the fat emulsion, which elevates the plasma osmotic pressure, inducing 

the transport of tissue water穐 illtothe circulating blood. 

(ii) EXPERIMENTAL RESULTS IN DoGs. 
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As previously mentioned concerning rabbits, repeated collection of blood samples 

seriously effects the test animals. Therefore, dogs were used since they are cosid-

ered to be comparati\'cl~· unaffected by the repeated collection of blood samples. 

Studies on the serum protein before and after the infusion of the fat emulsion 

were carried out, and the results were compared with those obtained in rabbits. 

As shown in Table 6, similar to rabbits, the total serum protein concentration 

showed a tendenc~’ to decrease gradually, and failed to return to previous levels even 

6 hours after infusion. Regarding the pattern, 2 or 3・irregularminor peaks appe-

ared over theβ－globulin boundary between 30 minutes and one hour. After that, 

the β－globulin boundar~· showed a single peak. No change was observed in the 

albumin fraction. As time passed, slight fluctuations in the a-and (3-globulin 

fractions were noted. The ')'-globulin fraction showed no remarkable fluctuation. 

In short, it seems that, similar to rabbits, the infused fat was smoothly utilized, 

and there was no elevation of lipid levels. 

2. EXPERIMENT AL RESULTS DURING LOW DIET. 

According to the recent studies on the oxidative process of fatty acid“in vitro", 
it has been shown that various enz)・me systems participate in this metabolic process 

similar to other nutriments. 1冶hie13 
HAsHINo studied ke' o ie bo〔1γfor- Effect of Daily Infusion of Fat Emulsion with Methionine, 
mation and its relations with enz- Riboflavin on Nitrogen Balance. 
yme systems“in v』vo".The pre- (Each values show mean of 3 samples.) 
sent author further studied the ! D旧vsof infusion f 

relations b巴tweenfat and enzyme R".!marks i =, , I Total 
Io  1101201 

勾’府ms加問lated句 proteinme- 一一一一一一［一一一よ一一一｜一一一一
tabolism, and determined whether Body weight kg I 2.200 I 1.997 I 1.900 
or not the pre田ntfat emulsion Weight loss g I 1203 I 97 300 

would demonstrate the "Protein Decrease % I I 9・2 I 4・5 I 13・7 
Urinary nitrogen output g I I 10.384 I 11.234 I 21.618 

Sparing Effect”. Rabbits were I I I I 
Fecal nitrogen output g I I 1.784 I 1.517 I 3.301 

fed with a standard dosage diet I I I I 
for more th加 3weeks. The re-

Nitrogen balance g I Iー1.519I -2.105 I -3.624 

ducing diet of 27 g of wheat Table 14 
bran, 75 g of radish leaves, and Effect of Daily Infusion of Fat Emulsion with Methionine, 
water in adequate volume was Riboflavin on Electrophoretic Fractions of Serum. 
given. The nitrogen content was (Each values show mean of 3 samples.) 

540 mg for wheat bran, 600 mg Qo~門町 I Days of infusion 
for radish leaves, which is the ~L· Uヤ l

pro tern [ O I 10 i 20 
equivalent of a total of 116 Cal.一一一一一一一一一」一一
For the first 10 d町へ thefat em回 T. P. g/dl I 5.9 

ulsion was daily infused at the Alb. % I 59.8 
ix-Glob. % I 9.7 ra旬 of0.5 g of fat per kg body I 
~－ Glob. % I 19.1 

w2ight, and for the latter 10 da- I 
J -Glob. 0~ I 11.4 

ys, at the rate of 1.0 g of fat ・ 

5.8 
59.7 
8.6 
19.1 
12.6 

5.7 
59.7 
10.2 
19.2 
10.9 
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per kg body weight. 
A. Control. 
As shown in Table 7 A and 7 B, when the rabbits were fed by the above low 

calorie diet without any treatment, the body tissue protein was decomposed consid-

Table 15A 

Controls. Effect of Daily Infusion of 7 per cent Glucose 
with Methionine, Riboflavin on Nitrogen Balance. 
(Each values show mean of 2 samples). 

Remarks 
Days of infusion 

I Total 。 10 20 
Body weight kg 1.270 
Weight loss g 530 330 860 
Decrease % 25.1 13.4 38.5 
Urinary nitrogen output g 14.390 14.043 28.433 
Fecal nitrogen output g 1.689 1.142 2.831 
Nitrogen balance g ー5.429 -6.660 ー12.089

Table 15B 

Controls. Effect of Daily Infusion of 7 per cent Glucose 
with Methionine, Riboflavm on Electrophoretic Fractions 
of Serum. 
(Each values show mean of 2 samples.) 

Serum Days of infusion 
protein 。 10 20 

T. P. g/dl 6.1 5.5 
Alb. % 59.9 56.3 

α－Glob. % 8.3 6.7 

~－Glob. % 16.2 17.5 
7働Glob. % 15.6 19.5 

erably, resulting in death before 

the end of the experiment. 

B. Group Infused with Fat 

Emulsion Alone. 

In the case of daily infusion 

of the fat emulsion"'alone for 20 

daJァs,protein sparing effect was 

observed to a remarkable degree 

(Table 8), but the β－ andヮ－glob-

ulin increased (Table 9). This 

fact shows that the infused fat 

could not be completely utilized. 

Histologically,'_however, traces of 

neutral fat could be observed in 

the reticuloendothelial cells, 

without abnormal findings such 

as fatty liver. 

C. Group Infused with Fat 
Emulsionαnd Methionine Simu~ 

ltaneously. 
As stated in the l】receding

chapter, it has been demonstrated 

b? researchers of our laboratory 

that methionine accelerates phag-

ocytosis and lipoidization of fat 

in the reticuloendothelial cells, 

Table 16 and secondarily influences favor-

Effect of Daily Infusion of Fat Emulsion with Methionine, ably the fatty acid oxidation in 
Riboflavin, Addition of Glucゅseon Nitrogen Balance. ti~sues. Based upon those experi-
(Each values show mean of 3 samples.) mental results, the fat emulsion 

I Days of infusion I was daily infused in combination 
Remarks 「一一「一丁一一一ITotal with methionine, 5 mg per 0.5 g 

I O I 10 I 己U I 
I I 」一一！ _ of fat for 20 cla~·s. As presented 
kg I 2.140 I日 60I 1.967 I iへTable10_ and 11, rema山 bleBody weight 

Weight loss 

Decrease 

g 

% 

Urinary nitrogen output g 
Fecal nitrogen output g 
Nitrogen balance g 

Bo I 93 1173 protein sparing effect was shown 
3.5 I 4.6 I 8.1 
｜！出 comparedwith the controls, 

9.269 I 10.609 1.19.878 I I with 7 per cent glucose solution, 
1.685 I 1.545 I 3.230 
の304Iー1504 I -1.808 3.3 cc, and !-methionine, 5 mg per 

kg body weight (Table 121¥, 12B). 
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However, compared with the group in which the fat emulsion alone was infused, 

no significant difference was found, besides the E四 andβ－globulin increased. Those 

results indicate that the infused fat could not be smoothly utilized by the simult-

aneous infusion of methionine alone. 

D. Group Infused with Fat Emulsion, Methionine and Riboflavin Simultaneously. 

TsuKADA previously reported that it was indispensable to add methionine and 
riboflavin to the infusion of cod liver oil emulsion. Furthermore, HAsHINO pointed 

out the importance of riboflavin being infused simultaneously, basing this on his 

experimental studies. NATH recently demonstrated that continuous injection of 

sodium acetoacetate and β－hydroxybutyrate into rabbits for 3 months produced a 
state of riboflavin and nicotinic acid deficiency. From these experimental results, 
l-methionine, 5 mg, riboflavin同5’『phosphatesodium solution, 2 mg per 0.5 g of 
fat, were infused simultaneously with the fat emulsion. As shown in Table 13 

and 14, remarkable protein sparing effect wa[; shown as compared with the above-

mentioned two groups (B, C). On the contrary, the control (Table 15A, 15B), 

with 7 per cent glucose solution 3.3 cc, l-methionine, 5 mg and riboflavin, 2 mg 

per kg body weight, showed a marked decomposition of body tissue protein. In 
brief, from the fact that the decrease in the albumin and the increase in the α－ 

and β－globulin could not be observed for the first time when riboflavin is used 

simultaneously, it is presumed that the infused fat could be utilized smoothly. 

E. Group Infused 1;.;ith Fat Emulsion, Methionine, Riboflavin and Glucose 
S?lution Simultαneously. 
According to the recent studies of the process of fatty acid oxidation “in vitro”， 
it has been clearly demonstrated that adenosine triphosphate(A. T. P.) and coen-

zyme A (CoA) is essential to“spαrk”the initial reaction of fatty acid oxidation. 
A. T. P. is produced from inorganic phosphate by progressing the process in which 

pyruvic acid, carbohydrate intermediate, is oxidized to carbon dioxide and water, 

namely the five-oxidation process in the tricarboxylic acid cycle (T. C. A. cycle). 
Thus CoA accepts phosphate from A. T. P., and the sulphydryl radical (SH radi-

cal) is phosphorylated. Phosphorylated CoA combines with fatty acid to activate 

Fig. I the carboxyl radical of the fatty 

0 
II 

HS-A+ATP－一歩HO-P～S-A+ADP

OH 
0 0 0 0 
II II II II 

R-C-OH+HO-P～S-A－→R-C～S-A+HO-P-OH 
OH OH 
Remarks : HS-A: COA 

acid. (See Fig. 1) Fatty acid, 

which is activated by combination 
with CoA, enters into the fatty 

acid cycle to be broken down to 

acetyl-CoA. In other words, fatty 
acid oxidation is “sparked” by 
oxidation of a“sparker”（in term-
ediates in T. C. A. cycle) which 

is produced by carbohydrate metabolism. Acetyl-CoA reacts with oxaloacetic acid, 

which is produced by carbohydrate metabolism, to enter into the T. C. A.、cycle.

The combined use of glucose should be considered in the intravenous infusion of fat 

emulsion for the purpose of the parenteral nutrition. Therefore, fat emulsion, to 
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which is added 7 per cent glucose solution, has been practically used. However, 

in the case of the present animals, it was obvious that the glycogen depots were 

liable to be deficient, and that an addition of 7 per cent glucose solution was insu-

fficient to smooth the oxidation process of the contained fatty acids. To correct 

this, 5 per cent glucose solution, 5 cc per 0.5 g of fat was further added to the 

fat emulsion and simu1taneously infused into the rabbits with !-methionine, 5 mg 

and riboflavin, 2 mg per 0.5 g of fat. The results are given in Table 16 and 17. 

As shown in Table 18A and 18B, Table 17 
no significant difference was re” Effect of Daily Infusion of Fat Emulsion with Methionine, 
eognized between the case of this Riboflavin, Addition of Glucose on Electrophoretic Fractions 
control and the case of controls of Serum. (Each values show mean of 3 samples.) 

as mentioned in Table 12A, 12B 

and 15A, 15B. This fact signifies 

that the additional amount of 

glucose improved the process of 

fat metabolism, thus allowing the 

infused fat to be utilized more 

effectively and smooth！~＇. produ-

cing such a remarkable protein 

sparing effect. 

F. Group I吋usedwith Fat Controls. Effect of Daily Infusion of Addition of Glucose 
Emulsion, Methioni’ne, Riboflav- with Methionine, Riboflavin on Nitrogen Balance. 
in, Vitam加Bu Vitamin C and (Each values show mean of 2 samples.) 

Ni cot向icAcid A山 deSimulta- I Days of infusion I 
neously. Remarks 「一「一一 τ I Total 

I o I 10 ! 20 I 
As above mentioned, sufficient 一一一_l_ －」 一一1 －｜  
glucose is necessary for the fat B叫 weight kg I 2.150 I 1.750 I 1倒
metabolism to progress smooth！~＇· W匂 htloss g I I 400 I 310 I 710 
However, in order to smooth the Decrease % J I 18・8 I 川 I33.s 

Urinary nitrogen output g I I 13.129 I 1・1.689 I 27.818 
carbohydrate metabolism, Vita- ' ' ' ' 

Fecal nitrogen output g 
min B1 is necessary. Deficiency Nitrogen balance 
not only in Vitamin B, but also 

nieotinic acid amide and Vitamin 

G is liable to occur during these 

continued reducing diets. HIKAsA 

and lsHIGAMI demonstrated that 

Serum Days of infusion 
protein 。 10 20 

T. P. g/dl 5.8 5.66 5.6 
Alb. % 61.1 61.2 61.4 

α－Glob. % 8.4 9.4 8.9 

~－Glob. % 17.2 17.9 18.2 
ァGlob. % i 13.3 11.5 11.5 

Table 18A 

g 

内

h

u

F

、d

Q
d

勺
4

巧

d

q

o

1

1

 

-5.644 l-10.019 
1.605 3.401 

Table 18B 

Controls. Effect of Daily Infusion of Addition of Glucose 
with Methionine. Riboflavin on Electrophoretic Fractions 
of Serum. (Each values show mean of 2 samples.) 

the combined use of ascorbic acid Serum I Days of infusion 
with the f山mulsi~n intensified protein I ---a r－ ι「20
the activity of lipase in the liver T. P. 両日6~寸一五－＇－－－ 1 ~ 
and serum, and that effective!>' Alb. % I 66.4 I 61.1 I 52.4 
influenced the metabolic processα・Glob. % I 7.4 I 8.3 I 10.3 
of the infused fat. Hence, the fat r;-G1ob. % I 15.8 I 16.8 I 11.1 
emulsion plus l司methionine,5 mg, y-Glob. % I 10.4 I 13.8 I 23.2 
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Table 19 

Effect of Daily Infusion of Fat Emulsion with Methionine, 
Riboflavin, Nicotinic Acid Amide, Thiamin Hydrochloride, 
Ascorbic Acid, and Addition of Glucose on Nitrogen Balance. 
(Each values show mean of 3 samples.) 

Kemarks 
I Days of infusion j 

｜ー←一一ーで一一一一一一一一一iTotal 
i n [ 10 I 20 [ 

Body weight kg 2.1s3 I 2.106 2.013 
Weight loss g 47 93 140 
Decrease % 2.1 4.4 6.6 
Urinary nitrogen output g 9.072 9.941 19.013 
Fecal nitrogen output g 1.780 
Nitrogen balance g -0.203 -0.918 -1.121 

riboflavin, 2.5 mg, 5 per cent 

glucose solution, 5 cc, thiamin hy-

drochloricle, 5 mg, ascorbic acid, 

10 mg and nicotinic acid amide, 

5 mg per 0.5 g of fat were infus-

ed simultaneously into rabbits. 

The results of the experiments 

are pre日entedin Table 19 and 20. 

Protein sparing effect in this 

group was more remarkable than 

that in above mentioned groups 

(B, C and D). According to the 

method of :YiooR, the fat depots 

consumption of the respective gr-

Table 20 oups during the present experi-

Effect of Daily Infusion of Fat Emulsion with Methionine, ment was calculated, as indicat疋d
Riboflavin. Nicotinic Acid Amide. Thiamin Hydrochloride, in Table 21. ¥Ve cοuld thus obser-
Ascorbic Acid, Addition of Glucose on Electrophoretic 
Fractions of Serum. (Each values show mean of 3 samples.) ve that the present fat emulsion 

Serum 
protein 

T. P. 

Alb. 

α－Glob. 
!3-Glob. 
y-Glob. 

g/dl 

% 

% 

% 

% 

, spared not only protein but also 

I h士山~Si<J_l1__一山epots.
。 I 10 ! 20 3. RESULTS IN HYPOP-

6.2 I 6.2 I 6.1 ROTEINEJTIC RABBITS. 

62.5 I 63.0 I 62.5 As described above, it has be-

11.0 I 9.4 I 9.8 en demonstrated that the present 
15.6 
10.9 

15.7 

11.9 

16.3 

11.4 
fat emulsion shows a sparing 

effect of protein. Furthermore, 

the author examined the fluctu-

Table 21 ations in the serum protein and 

Changes of Dept Fat for 20 Days. the liver tissue protein when fat 
(Each values show mean of samples.) emulsion wぉ infusedinto hypo-

Remarks 1Weight 1Depot Fat proteinemic rabbits, produced by 
'loss (g) ]loss （宮）

｜ 一一←ア '1 plasmapheresis. Prior to the pr-
I Without Infusion I 840 I 469 

I I esent experiment, the liver tissue 
8 i Glucose+ Methionine I 960 I 330 
g I.Glucose+ Methionine +Riboflavin ! 860 I 434 protein in normal healthy rabbits 
ニrG.+M.+R.+A叫i伽 ofGlucose I 710 I 412 was cl伽 ・min

bbits were fed a dailv low calorie Fat Emulsion 

~ IF. E. + Methionin 
仲 IF.E. + M. +Riboflavin 

~IF. E.+M.+R.+Glucose 
号IF.E. + M. + R. +G. + Thiamin 
§ I Hydrochloride+ Ascorbic Acid+ 
Nicotinic Acid Amide. 

370 
386 

300 
173 

140 

236 

266 diet with 50 g of Okara (Protein 

194 2.3 g, 35 Cal), 200 g of Hakusai 

113 leaves (Protein 2.7 g, 24 Cal) and 

12 g of Starch ( 40 Cal), while 
106 plasmapheresis was performed 

for 7 days. As indicated in Table 
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Table 22 
Serum Protein and Liver Protein of Normal Rabbit. 

Rabbit I Body I brculating :circulating ~Saline-soluble i里aline-insol.ubleI Ratio 
I - I T. P. I I lliver protein lliver protein I 

No・ Iweight I lserum volume !serum protein I (A) I (B) I A/B 

kg I g/dl ! cc I g 
101 2.00 I 6.2 i 96 5.95 

102 2.50 I 6.6 I 101 : 6.66 

103 2.54 I 5.8 108 , 6.26 

~I一元丁瓦丁示 ----6ム

g/% g/% 

11.9 6.7 1.77 

11.6 6.9 1.68 

11.3 6.8 1.66 

11.6 6.8 I 1.70 

Table 23 
Serum Protein and Liver Protein in Experimental Hypoproteinemic Rabbit. 

(Before plasmapheresis.) 

cc 

「C正面fating
I serum 
protein 
g 

I 6.21 

Rabbit !Body 
Jweight 

No・ lkg 

106 I 2.10 

107 I 2.10 

108 I 2.36 

Circufating 
seru町l
volume 

Alb. %ド：ob.,~－：ob. , y-:ob. Ratio 
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Table 24 

Effect of Daily Infusion of Fat Emulsion on Recovery of Serum Protein and Body Weight. 

(Each values show mean of 2 samples.) 

Days of Body 
IT. P.，帥｜叫 I~－g帥 y-glob. Remarks infusion after weight 

plasmapheresis kg g/dl % % % % 

Before pla- 2.13 5.9 60.8 11.3 14.9 13.0 smapheresis 
Fat 。 2.05 4.0 53.1 14.3 24.2 8.4 Emulsion 
＋ 5 2.02 5.3 54.7 13. l 21.2 11.0 

Various 10 2.08 5.9 55.3 13.0 19.6 12.1 Vitamins 
15 2.13 6.0 59.6 11.7 15.4 13.3 

Before pla-
2.00 6.0 59.0 10.9 15.5 14.6 smapheresis 。 1.90 3.9 50.3 11.1 29.2 9.4 

Control 5 1.64 5.0 51.5 11.6 24.8 12.1 
10 1.76 5.4 51.2 13.8 21.0 14.0 
15 1.77 5.8 52.3 11.5 22.l 14.1 
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23, the serum protein and the saline-soluble liver protein marked！γdecreased. The 

experimental hypoprotcinemic rabbits thus prepared were fed with a ration supp-

lying a daily intake of 300 g of Okara (Protein 13.8 g, 210 Cal), while fat 

emulsion was daily infused in combination with the above-mentioned vitamins. As 

shown in Table 24, the group infused with the fat emulsion returned to the previo-

us levels in serum protein and body weight far more rapidly than the controls. The 

above facts signify that protein orall~· supplied, although insufficient in amount, 

was utilized more effectively for the tissue protein s~·nthesis when compared with 

the .controls. Furthermore, the author continued to feed the hypoproteinemic rabbits 

with the same low calorie diet and infused the fat emulsion and vitamins. The 

liver pr叫einon the 5th clay of the experiment was determined. As shown in 

Table 25, the saline-soluble liver protein of the controls decreased markedly as 

Table 25 

Effect of Daily Infusion of Fat Emulsion on Recovery 

compared with those cases infus-

ed with the fat emulsion. More-

of Liver Protein in Experim巴ntalHypoproteinemic 
Rabbit. 

over, no abnormal findings, such 

as fatty liver, ＼＼℃re observed hi-

I Rabbit !Saline -soluble 1Saline -insoluble! Ratio stologically. From the above re-
Remarks I !protein I protein I sults. it was ascertained that the 

I i'¥o・ iε／勺CA) I g／銘（B) I A/B ’ 
L一一＿_I_一 一一 I 一」一一一一 intravenousinfusion of fat emul-

Fat Ell}ul-I 122 I 7.5 I 6.S I 1.10 sion into the rabbits in a state of 
sion... '. 123 ¥ 7.s ¥ 6・7 ¥ 1.1 l hypoproteinemia did not impair 

’ I 4 I 7.6 I 6.7 I 1.12 
V~rio~s I I 」 theircondition, but caused more 
Vitart1ins l 一一一一l一一一一一一一一一丁一一一 寸

! mean i 7.55 I 6.72 I 1.11 effective utilization of the oral 

120 I 6.6 I 6.6 I 1.00 protein in the synthesis of plas-
121 I 6.8 I 6.7 I 1.01 ma and tissue protein. Control i I I I 

mean I 6.7 I 6.65 I 1.00 Dぽ USSION 

It has been pointed out by DERMAN and LEITEs that neutral fat is changed into 

fatty acid or phospholipid in the reticuloendothelial cells. This fact has been more 

clearly demonstrated, since the fat emulsion, produced in our laboratory, was safel；.ア
infused intravenously. The infused fat globules are phagocytized by the reticulo・

endothelial cells in the lung, liver and spleen. The fatty acids, contained in the 

infused fat emulsion, are oxidized after neutral fat is changed into phospholipid 
in these cells. In case triglycerides of short chain fatt~· acids are used as compon-
ents of the fat emulsion, phospholipid, which is changed from these fatt~’ acids, 

enters into the hepatic parench::matous cells. However, in the fat emulsion which 

is principally composed of triglycerides of long chain fatt>・ acids, phospholipid ent-

ers into not only the hepatic parenchymatous cells but all the cells of body to be 

oxidized. Therefore, the increase in blood ketone bodv levels is far more remark-
able in the former fatty acids, as compared with the latter. This indicates that 
despite the fact that short chain fatty acids are principall~· oxidized to the stage 
of ketone body in the liver, long chain fatty acids arc partially oxidized 句 the

stage of ketone body in the liver and then diffuse into the υlood stream to be 
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Fig. 2 can匂dto the extrahepatic tis-
"""Oxidized Directly in Liver 

Short Chain Fatty Acidぐ~ sues, and the major part of 
~Ketone B叫 rormationin Liver these are metabolized finally to 

:' / ~；；：~~~d in Extrah印刷c water an山 arbondioxide in the 
extraphepatic tissues (See Fig. 

Long Chain Fatty Acid－一＋OxidizedDirectly in Li、erand 
Extrahepatic Tissues. 2). As shown in Fig. l, it has 

been established “in vitro" that fatt~· acids, which enter into the tissue cells in the 
form of phospholipid, produce fatty acid-CoA compound at the first stage in process of 

fatty acid oxidation. Fatt~· acid-CoA compound enters into the fatty acid cycle, yields 

2-carbon fragments viz. acetyl coenzyme A (acetyl-CoA) and fatty acid containing 

two carbon atoms less than the parent fatty acid b~· way of the stage of β－hyd-

roxy acid and β－keto acid. B~· repeating such a reaction formula, fatty ac_id breaks 

down completely to acetyl-CoA, and, in the presence of oxaloacetic acid, enters 

into the tricarboxylic acid cy’cle (T. C. A. c~’cle) in which it is oxidized completely 

to carbon dioxide and water. Various enzyme systems play an important role in 

the process of fattJアacidoxidation. The simultaneous use of various vitamins should 

be considered in the infusion of the present fat emulsion. As demonstrated in this 

experiment, riboflavin is one of the vitamins belonging to this category, and is 

physiologically effective only in the form of flavin adenine dinucleotide (F. A. D.) 

or flavin mononucleotide (F. M. N.). When the fatty acid-Co A compound enters 

into the fatt~ア acid c~·cle of LYNEN to be oxidized, F. A. D. and diphospho・pyridine-

nucleotide (D. P. N.) ar.; essential to smooth this oxidation pro~ess. Thus the im-

portance of pyridine enzyme and flavin enzyme as the hydrogen carriers h出 been

recognized. After acetyl-CoA enters into the T. C. A.町℃le,all h ~·drogens which are 

liberated by turn of the cycle are transported I≫’pyriui11 nucleotide, flavoprotein 

and cytochrom system to finally combine with O叫・gen. And thus fatty acids are 

completely decomposed to carbon dioxide and water. I’yridine nucleotide and flav-
oprotein each contain nicotinic acid amilk .and riboflavin. It is obvious that ribo・

flavin and nicotinic acid amide are indispensable as elements of the hydrogen carr-

ing system in fatty acid oxidation. It has been recently demonstrated that Vitamin 

C not 011ly e11hances the activity of lipase in the liver and serum, as stated prev-

iously, but also activates aconitase and succinic dehydrogenase. Therefore, by means 

of the simultaneous infusion of vitamins with the fat emulsion, the fatty acid 

contained in the infused fat emulsion was utilized smooth！~· and effectively, indu-

cing a marked protein sparing effect.、,Yithsuch a reducing diet as used in the 
present experiment, the addition of 7 per cent glucose solution is insufficint, and 

the addition of a larger amount of glucose and combination with Vitamin Bl should 

be considered. The present results further explain what an important role the 

glucose does play in fat metabolism. The abwe facts demonstrate the important 

roles of these drugs“in vivo", which have already been demonstrated“問 vitro".If 

the present fat emulsion had been infused simultaneou日lywith pantothenic acid, 

which is the principal component of CoA, mor℃ marked protein sparing effect 

could possibly have been obtained. The fact that the increase in theバ－ and βー



INTRAVENOUS ADMINISTRATION OF A FAT EMULSION 169 

globulin components is far less in the case of the infusion of sesame oil emulsion 

than in the c出eof the infusion of cod liver oil emulsion, reveals that the former 

emulsion is more rapidly and smoothly utilized than the latter. In the modern 

conception of lipoprotein, abnormal elevation of a-and β－globulin peak indicates at 

least the catabolic phase of fat and at the same time makes it presumable that 

the catabolism of fat does n.ot follow a smooth. The results obtained from the 

present experiments illustrate that infused fat emulsion for the purpose of parent-

eral nutrition is utilized more effectively when the appropriate methods, as describ-

ed above, are employed. 

SUMMARY AND CONCLUSIONS 

The present experiments were carried out to determine whether or not the se-

same oil emulsion produced in our laboratory show any marked “Protein Sparing 
Effect" by intravenous infusion into normal rabbits fed a reducing diet, as well 

as rabbits in a hypopr叫einemicstate, and to observe from the viewpoint of protein 

metabolism whether or not various vitamins, which have been found recently to 

show biochemical activity“切 vitro",show any significance“in vivo". 
The author reached the following conclusions. 

(1) This fat emulsion shows a remarkable protein sparing effect and enables the 

protein orally taken in, although insufficient in amount, to be utilized more effe-

ctively for plasma protein and tissue protein synthesis. 

(2) Because of the simultaneous infusion of methionine, riboflavin, nicotinic acid 

amide, ascorbic acid and thiamin hydrochloride with the fat emulsion, the infused 

fat is utilized more smoothly and effectively. 

(3) The sesame oil emulsion can be utilized more smoothly and effectively than 

the cod liver οil emulsion. 

( 4) Abnormal・ elevation of叶 andβ－globulin peak in serum indicates that its 

metabolism is not proceeding smoothly. 

(5) From these experimental results, the intravenous infusion of fat emulsion into 

lower animals (i. e. rabbits and dogs) has been shown to be a valid method of 

parenteral nutrition. 

The author wishes to express his sincer gratitude to Dr. Y. HuuヨAfor his helpful suggestions 
and kind guidance in the course of the work. The author’s grateful thanks are due to Assistant 
Prof. Dr. T. OrrA況 r,Obstetorical and Gynecological Division, Kyoto University, for the use of 
electrophoresis apparatus. The author wishes to acknowledge that this investigation has been 
aided in part by a Research Grant from the Department of Education Science Research Foundation. 
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経静.Ibid笠脂肪輪入の蛋白節約作用に関する実験的研究
京都大学医学部外科学教室第2講座 （指導： 背柳安誠教授）

大学院学生長 洋

教室創製の経静肱性輸入可能な脂肪乳剤 （胡麻油乳

剤ij)を減食飼育家兎，或は実験的低褒白血症家兎群の

静泳内へ注入し，果たして蛋白節約作用を示すや否や

を検討した． 叉脂質代童話に関与する各種ビタ ミン類の

重要性を，蛋白代謝の面より invivoに於て観察じ次

の所見を得た．

(1）本脂肪乳剤は著明な蛋白節約作用を有し，経口

的に摂取された蛋白質をしてP より一層効果的にl(rL衆

蛋白，組織蛋均の11J.建に利用せしめる．

(2) 本脂肪乳剤の蛋白節約作用は， リボフラピン，

ニコチン酸アミド，ピタミンC等の脂肪酸酸化酵素系

の併用により，更に一層増強せしめられる．

(3）減食試獣を対象とした際には， 7%の糖添加で

は不充分であり， 更に多量の糖添加，及びピタミ ン

B』の併用により本脂肪乳剤の栄養的効果は著明にな

る．

(4）胡麻油乳剤は肝油乳剤に比して利用され易い．

(5) 血清中の←，~-Globulin の異常増加は脂質の臭

化的方向への過程を示すものでP 而もその処理の不円

滑なることを示すものである．

((i) 従って本脂肪乳剤の適切なる静除内注入法を行

えはp 脂質の非経口的栄養補給の役割を充分果たし得

るものと恩われる．


