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INTRODUCTION 

91 

Rapid progress in understanding fat metabolism in vivo has been made since 

QuAsTEL (1935) used tissue slices, and LELOIR-MUNoz (1939) utilized washed liver 

particles in the study of the oxidation of fatty acids. The sequence of fat meta-

bolism which is generally recognized at present is as follows: fatty acid breaks down 

to acetyl coenzyme A in the fatt~· acid cycle (after Lynrn) and, in the presence 

of oxaloacetic acid, enters into the Krebs’Tricarboxylic Acid cycle (T. C. A. C：＞℃le) 
and is oxidized to water and carbon dioxide. 

Independent of Geyer, Sha白roffand other studies, in 1949, HIKASA in our labo-

ratory succeeded in producing a fat emulsion which could be safely given intrave-

nously. Since then our histochemical and biochemical studies on the process of fat 

metabolism in vinJ have been continued. N1sHINO in our laborator:< reported that 

the oxygen consumption of various tissues 1vas markedly increased b:.・ the intravenous 

administration of the fat emulsion. While the日cfindings show that the infused fat 

is well oxidized in the body, the l】atll¥nlγof utilization of fat introduced by the 

intravenous route is not conclusively known. 
Therefore, the author attempted to elucidate this problem b:.・ studying both the 

respiratory quotient (R. Q.) and ketone uod.＼ー formationof rat tissues following 

intravenous administration of fat emulsion. 1".. R. Q. is defined as the ratio CO, 

produced旬 02consumed, and this value c.crvcs to indicate only to a certain extent 

the nature of the metabolic process being studied. For instance, a R. Q. of 1.0 

would occur upon complete oxidation of carbohydrate, 0.8 for protein and 0.7 for 

fat. 

The significance of the R.Q. values was greatly clari白edb.＼’ the determination 

of the ketone bodies which were produced in the same tissues . 

.:¥IA TERI.A LS AND METHODS 

A) EXPERIMENTAL MATERIALS 
1) Fat Emulsion: In the present investigation, 20 per cent sesame oil emulsion 

and 20 per cent cod li1・cr oil emulsion, both containing 7 per cent glucose and small 

quantities of stabilizers, were employed. The standard dose of the intravenous 

administration of the fat emulsion was defined as l.5cc of 20 per cent fat emulsion, 
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which is equal to Q_3g fat, per lOOg body weight. 

2) Experimental Animals: Healthy male rats representing omnivorous animals, 

each weighing approximately 150g, were used. They had been maintained on fixed 

diet for 5 to 7 days and were fasted for 12 hours prior to the experiment, and 

were in the postabsorptive state. 
3) Preparation of Tissue Slices: After injection of the fat emulsion, animals 

were successively sacrificed by bleeding without anesthesia at definite intervals. 

The organs were excised and immediatelv lined with filter paper dampened with 

the buffer solution. Slices approximately 0_3mm thick were cut free hand with a 

safety razor blade. 

4) Warburg’s Apparatus: Thf> instrument, which was improved by Nishino, 

was used and the temperature of water bath was kept to 37.5土005°C. 

5) Used Drugs: Methinonine as 1-methionine, Vitamin C as 1-ascorbic acid and 

pantothenic acid as calcium pantothenate were used in the formation of the solution. 

B) EXPERIMENTAL METHODS 
1) Procedure for the Determination of R.Q.: The measurement of R.Q. of tissue 

was made by the modi白eelDickens-Simer’s 1st method. 
Three flasks, having one main chamber and two sidearms, and a standard thermo-

balometer were prepared. Each main chamber was filled with Zee of saline-phosphate 

bu百ersolution containing 0.2 per cent glucose (8.5cc of m/2 Na2HP01 solution, 

l.5cc of m/2 KH2P01 solution, 240cc of 0.9 per cent NaCl solution and lOcc of 5 

per cent glucose solution) as the medium for the tissue slices, which were placed in 

flask 2 and 3. Alkali (0.4cc of 10 per cent KO!J) and. acid (0.4cc of 3n H2SOJ) 

were placed respectively in the two sidearms of each行askand the gaseous phase 

was filled with 100 per cent oxygen. 

At first, the acid and alkali were tipped from the sidearms into the main 

chamber to obtain the initial bouncl COョinflask 1 (X1C02) and flask 2 (X2C02). 

After the o幻・genuptake for 1 hom・wasdetermined in flask 3 (X02), the solutions 

were mixed to obtain the total C02 containing the bound C02 and the C02 evolved 

over the entire experimental pe1旬d(X3C02). 

Hence, the R.Q. can be calculated by the following formula. 

Xi CO＂ー（X2C02-X1C00）旦~－ XrCO包
R.Q.=- m, ，ヨ

xo. 
m1: dry weight of tissue slices in flask 2. 
m2: dry weight of tissue slices in flask 3. 

2) Procedure for the Determination of Ketone Bodv Production. 

The determination of ketone boc1~’ which was produced in tissue was performed 

by aniline-citrate method using Warburg’s apparatus and total ketone body was 
expressed as acetoacetic acid. The main chB-mber of the flask was filled with 0.7cc 

of 50 per cent citric acid, 0.2cc of destilled water and the sidrnrm was filled with 0.9cc 

of the mixed solution in flask 3 following the determination of the R.Q. A control 

experiment was made by using the mixed solution in the above mentioned flask 1 

in the place of the mixed solution in flask 3. 



EXPERIMENTAL STUDIES ON FAT METABOLISM 93 

RESULTS AND DISCUSSION 

A) CHANGES IN THE R. Q. OF VARIOUS TISSUES FOLLOWING THE 
INTRAVENiθUS ADMJNISTRATION OF THE FAT EMULSION. 
1) Infusion of Sesame Oil Emulsion Alone (Group A). 
H明lthymale rats in the postabsorptive state were killed by bleeding without 
anesthesia at definite intervals after infusion of the standard dose of the sesame oil 
emulsion and Qo,, Qco, and R. Q. of liver, kidney, spleen, lung, cardiac muscle and 
skeletal muscle were measured. The results are shown in Table 1. The oxygen 

Table 1 Qai, Qco2 and R. Q. of Various Tissues Following Intravenous 
Infusion of Sesame Oil Emulsion into Rats. (Mean) 

Time after infusion I 0 I 1 hr. J 3 hrs. j 6 hrs. J 9 hrs. J 川出
Qo2 7.30 9~56 13.94 16.94 17.73 18.68 

Liver Qco2 6.35 7.55 8.92 8.34 10.64 13.26 

R.Q. 0.87 0.79 0.64 0.51 0.60 0.71 

Qoz 21.09 22.89 27.93 32.14 33.05 34.09 

Kidney Qco2 18.35 19.00 20.95 22.50 24.46 26.59 

R.Q. 0.87 0.83 0.75 0.70 0.74 0.78 

Qoz 10.15 11.24 14.06 16.60 17.27 18.25 

Spleen Qco2 8.83 .9.44 10.69 12.28 13.13 14.24 

R.Q. 0.87 0.85 0.76 0.74 0.76 0.78 

Qoz 10.51 11.84 12.80 13.49 15.28 16.80 

Lung Qcai 9.25 9.95 10.11 10.12 11.77 13.27 

R.Q. 0.88 0.84 0.79 0.75 0.77 0.79 

Qoz 5.42 5.82 6.39 6.72 7.40 7.70 
Cardiac Qco2 4.72 4.83 5.05 5.04 5.62 6.08 muscle 

R.Q. 0.87 0.83 0.79 0.75 0.76 0.79 

Qoz 1.30 1.36 1.43 1.52 1.63 1.66 
Skeletal Qcai 1.14 1.16 1.14 1.16 1.26 1.33 muscle 

R.Q. 0.88 0.85 0.80 0.76 077 0.80 

consumption of each tissue was increased gradually, particularly in liver, by the 
intravenous injection of the sesame oil emulsion. This finding, similar to the results 
obtained by Nishino, indicates that the infused fats are well oxidized in these tissues. 
On the other hand, the R. Q. of each tissue began to decrease 1 hour after 
infusion and reached its minimum titer after 6 hours. Thereafter the titers decreased 
and were slightly lower than the pre-experimental titer 12 hoμrs after infusion. 
The decrease in the R.Q. of liver was far more remarkable than that of the extra-
hepatic ti路uesas shown in Fig. 1. Thus, in our determination an obvious di宵erence
in R.Q. between liver and the extrahepatic tissues was recognized. 
A decrease in the value of R.Q. is generally observed in the case of relative 
increase in 0,-uptake to CO,-evolution, such as in the case of complete oxidation of 
substances containing fewer carbon atoms compared with oxygen atoms, or in the 
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case of the production of any metabolic intermediate. The R.Q. in complete oxidation 

Fig. 1 Changes in R.Q. of Various tissues of fat shows approximately 0.7. Why 
Following Intravenous Infusion of Sesame did the value of R. Q. in liver 6 hours 
Oil Emulsion into Rats. 

AsADA and lzuKURA in our labo-
ratory had carried out histochemical 
studies on the metabolic processes of fat 
with fat emulsions, and found that the 
intravenously infused fat globules were 
合rstphagocytized by the reticuloendo同
thelial cells in the lung, liver and spleen, 
changing graduall~’ into phospholipides 

こ二二；：：；：：,m~：：：：. in these cells, and then appeared in the 
3 6 す一一一 r m• hepatic parenchymatous cells in large 
ー「 quantities. Furthermore, Hashino in 

our laboratory demonstrated that ketone body levels in the blood and in the circula-
ting fluid of isolated liver increased after infusion of fat emulsions. These findings 
and the results of the present experiments indicate that a part of infused fat 
converts to ketone body in the liver, even if another part of the fat is oxidized 
directly to water and carbon dioxide in this tissue. 

However, in this investigation, the R.Q. in the extrahepatic tissues decreased 6 
hours after infusion of the sesame oil emulsion to around 0.7. Accordingly, we can 
not help considering that the intravenously infused fat is not only oxidized finally 
in the extrahepatic tissues after conversion句 ketonebod:v, which is produced in the 
liver, but also oxidized directly in the same tissues from the form of phospholipide 
to water and carbon dioxide. 

2) Simultaneous Infusion of Methionine with Sesame Oil Emulsion (Group B). 

Recently, Artom and Entenman have emphasized that choline, which is synthe-
tized by methionine, promotes fatty acid oxidation in the liver. AsADA, JzuKuRA 
and HAsHINO in our laboratory demonstrated that methionine accelerated phagocytosis 
and the conversion into phospholipide of fat by the reticulocndothelial cells, and 
secondarily expedited fatty acid oxidation, at least to the stage of ketone body, in 
the hepatic parenchymatous cells. 

These e町ectsof methionine were reexamined by manometric determination of 
ti田uemetabolism. The rats were injected intravenous！~· the above mentioned standard 
dose of the sesame oil emulsion with 3mg of 1-methionine per lOOg body weight, 
and sacrificed at definite intervals after infusion for the measurement of Qo1, Qco2 
and R.Q. of various tissues. The results are shown in Table 2. In this group, the 
rate of increase in Qo2 of liver waぉhigherthan that in the case of the infusion of 
the sesame oil emulsion alone. On the other hand, the lowest value of the R.Q. of 
liver 6 hours after infusion presented almost no significant di町erencefrom the group 
A, though the values of 1 and 3 hour cas回 wereslightly lower, and the values of 
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Table 2 Q<>i, Qco2 and R. Q. of Various Tissues Following Simultaneous Infusion 
of Met)lionine with Sesame Oil Emulsion into Rats. (Mean) 

95 

Time after infusion J 1 hr. I 3 hrs. j 6 hrs. I 9 hrs. j 12 hrs. 
Qo2 7.30 10.12 14.45 18.16 19:23 20.01 

Liver Qco2 6.35 7.59 8.53 9.62 12.31 14.41 

R.Q. 0.87 
告
0.75 0.59 0.53 0.64 0.72 

Q<>i 21.09 23.90 29.60 33.24 34.56 35.14 

Kidney Qco2 18.35 19'60 21.90 23.27 26.26 28.21 

R.Q. 0.87 0.82 0.74 0.70 0.76 0.80 

Q<>i 10.15 11.20 15.30 17.28 17.48 18.36 

Spleen Qco2 8.83 9.30・ 11.78 13.13 13.46 14.83 

R.Q. 0.87 0.83 。白77 0.76 0.77 0.81 

Q<>i 10.51 11.84 13.37 14.61 15.98 16.61 

Lung Qco2 9.25 9.95 10.56 11.25 12.30 13.28 

R.Q. 0.88 0.84 0.79 0.77 0.77 0.80 

Qo2 6.48 6.89 7.49 7.71 5.42 5.92 
Cardiac Qco2 4.72 4.91 5.05 5.17 5.82 6.25 muscle 

R.Q. 0.87 0.83 0.78 0.75 0.78 0.81 

Q<>i 1.30 1.42 1.56 1.62 1.64 1.70 
Skeletal Qco2 1.14 1.18 1.22 1.20 1.26 1.38 muscle 

R.Q. 0.88 0.83 0.78 0.74 0.77 Q,81 

9 and 12 hour cases were slightly higher than those of its group. Thus, it was 

observed that methionine speeded up lightly the decreasing of the RQ. of liver. 
There was no evidence that the RQ. of kidney, spleen, lung, cardiac muscle 

and skeletal muscle w部 decreasedby methionine, although the oxygen consumption 

of these tissues in Group B increased much significantly than that in Group A. 

These results show that methionine accelerates the formation of ketone body in 

liver after infusion of the sesame oil emulsion. 

3) Simultaneous Infusion of Methionine, F. A. D., Vitamin C and Pantothenic 

Acid with Sesame Oil Emulsion (Group C). 
According to the experimental results, obtained by Hashino, the utilization of 

ke句nebody in liver is augmented by the addition of val'ious vitamins, such鎚

riboflavin, ascorbic acid and pantothenic acid, which are concerned in fat metabolism. 

Therefore the author carried out the following experiment to clarify the effects of 

these drugs. Methionine, 3mg, F.A.D. (Flavin Adenine Dinucleotide), 3mg, ascorbic 

acid, 6mg, and pantothenic acid, 6mg per lOOg body weight were injected intrave-

nously into rats with the standard dose of the sesame oil emulsion. 

The results are presented、inTabJe 3. In comparison to the previous groups, the 

great increase in oxygen consumption of all tissues w部 foundin this group. Further, 

the decrease in the RQ. of liver tended to be less than that of Group A and Group 

B and the R.Q. of the extrahepatic tissues, especially of spleen, lung and cardiac 
muscle, decreased more distinctly than that of those groups. 
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Table 3 Qo2, Qco2 and R. Q. of Various Tissues Following Simultaneous 
Infusion of Methionine, F.A.D., Vitamin C and Pantothenic 
Acid with Sesame Oil Emulsion into Rats. (Mean) 

Time after infusion 。 1 hr. 3 hrs. 6 hrs. 9 hrs. 12 hrs. 

Q0z 7.30 10.22 14.67 18.47 20.07 20.73 

Liver Qc0z 6.35 7.46 9.53 11.08 12.44 14.51 

R.Q. 0.87 0.73 0.65 0.60 0.62 0.70 

Q0z 21.09 24.96 31.97 35.04 35.23 36.00 

Kidney Qc0z 18.35 19.97 23.36 24.87 26.06 27.77 

R.Q. 0.87 0 80 0.73 0.71 0.74 0.77 

Q0z 10.15 11.38 16.20 18.36 19.01 19.78 

Spleen Qco2 8.83 8.99 12.06 13.18 14.05 15.00 

R.Q. 0.87 0.80 0.74 0.72 0.74 0.76 

Q0z 10.51 12.09 13.68 15.07 17.06 18.00 

Lung Qco2 9.25 9.80 10.16 10.91 12.72 13.82 

R.Q. 0.88 0.81 0.74 0.71 0.75 0.77 

Q0z 5.42 6.06 6.96 7.20 7.68 8.06 
Cardiac Qco2 4.72 4.97 5.26 5.17 5.75 6.21 muscle 

R.Q. 0.87 0.82 0.76 0.72 0.75 0.77 

Q0z 1.30 1.46 1.64 1.69 1.74 1.83 
Skeletal Qco2 1.14 1.20 1.26 1.23 1.31 muscle 1.41 

R.Q. 0.88 0.82 0.77 0.73 0.75 0.77 

GREEN, LIPMANN, OcaoA and LYNEN have recognized in their biochemical studies 

in vitro on fatty acid oxidation that ftavin is a essential component of hydrogen 

carrying system in this metabolic process. Furthermore, TsuKADA, OsA, NisHINO, 

TAKEDA and HAsHINO in our laboratory have reported that the intravenous admini-

stration of the fat emulsion was made effective by the simultaneous administration 

of riboflavin. Riboflavin is biochemically a.ctive only in the form of F. A. D. or F. 

M. N. (Flavin l¥fononucleotide). However, in vivo the major part of riboflavin is 

present in the form of F.A.D., while F.M.N. is found in small quantities and free 

riboflavin is present in least amount. Therefore, in the present investigation, pure 

F. A. D. was used. HIKASA and IsHIGAMI observed that simultaneous infusion of 

ascorbic acid with the fat emulsion improved metabolism of the infused fat, owing 

to be intensified activity of lipase in serum and the liver. It has also been demon-

strated by SunA and his co-worker乍 studiesthat ascorbic acid activates both aconi-

tase and succinic dehydrogenase in the T. C. A. cycle. In fatty acid oxidation, as 

mentioned above, fatty acid is converted to acetyl coenzyme A by the fatty acid 

cycle (after Lynen) and, enters into the T.C.A. cycle by condensation with oxalo・

acetic acid. Accordingly, it is accepted that pantothenic acid, which is a chemical 

component of coenzyme A, is very impor-tant in fat metabolism. Therefore, it is 

presumed that the relative increase in the R.Q. of liver is caused by an increment 
of the evolution of carbon dioxide and a decrement of the ketone body production 
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in this tissue. 

The decrease in the R.Q. of the extrahepatic tissues may be caused by the fact that 

the disposal of ketone body, which is produced in the liver, is markedly reduced, 

and the direct oxidation of fatty acid, mentioned above, plays an important role in 

fat metabolism in these cells. 

In this group of experiments our results indicate that the infused fat is oxidized 

more smoothly and completely in all tissues in the case of the simultaneous infusion 

of methionine and various vitamins with the sesame oil emulsion than in the case 

of the infusion of the sesame oil emulsion alone or with methionine. 

4) Infusion of Cod Liver Oil Emulsion Alone (Group D). 

In our laboratory, several kinds of fat emulsions containing triglycerides of 

various fatty acids were prepared. It is presumed that the metabolic process of fat 

varies with quality of the fatty acids contained in these emulsions. According to 

the paper chromatographical studies of Tan, the cod liver oil emulsion contains 

many highly unsaturated fatty acids, which are not found in the sesame oil emulsion. 

The author attempted a comparative. study of the oxygen consumption and the R. 

Q. of various tissues in the case of the intravenous administration of these two 

emulsions. The standard dose of the cod liver oil emulsion was infused intravenously, 

and the same experiments were repeated. The results obtained are shown in Table 4. 

In this case, the rate of increase in Qo2 of all tissues was slightly lower and 

Table 4 Qo2, Qco2 and R. Q. of Various Tissues Following Intravenous 
Infusion of Cod Liver Oil Emulsion into Rats. (Mean) 

Time after infusion 

Qo2 
Liver I Qc0z 

R.Q. 

Qo2 
Kidney j Q叫

R.Q. 

Q0z 
Spleen I Qco 

R.Q. 

Qo 2 
Lung I Qco 

R.Q. 

。 1 hr. 3 hrs. 6 hrs. 9 hrs. 12 hrs. 

7.30 9.49 13.51 16.06 17.23 18.10 

6.35 6.64 8.51 7.07 9.48 12.31 

0.87 0.70 0.63 0.44 0.55 0.68 

21.09 21.60 23.85 25.40 28.80 31.68 

8.35 17.87 18.51 19.30 21.91 25.62 

0.87 0.83 0.78 0.76 0.76 0.81 

0.15 11.16 12.60 13.39 14.98 16.27 

8.83 9.39 10.22 10.42 11.53 13.50 

0.87 0.84 0.81 0.78 0.77 0.83 

0.51 10.80 11.52 12.10 14.88 15.60 

9.27 9.05 9.24 9.34 11.33 13.12 

0.88 0.84 0.80 0.77 0.76 0.84 

5.42 5.76 6.14 6.34 7.08 7.20 

4.72 4.89 4.88 4.92 5.55 6.10 

0.87 0.85 0.79 0.78 0.76 0.85 

1.30 1.32 1.35 1.42 1.50 1.58 

1.14 1.14 1.09 1.15 1.13 1.24 

0.88 0.86 0.81 0.81 0.75 0.79 
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the degree of decrease in the R. Q. of liver was more remarkable than the c郎eof 

the administration of the s田ameoil emulsion. However, the R.Q. of the extrahe-

patic tissues showed the highest value in all groups. The decrease in the R. Q. of 

spleen, lung, cardiac muscle and skeletal muscle reached the climax 9 hours after 

injeetion of the cod liver oil emulsion, relatively later than in the c郡 eof injection 

of the s田ameoil emulsion. 

Previously, AsADA and IzuKURA in our laboratory recognized by histochemical 

studfos the ・fact that the phospholipides, from the infused glycerides, appeared、in

the hepatic parenchymatous cells in far greater quantities in the 問seof the admin,.. 

istration of the cod liver oil emulsion, which contained many highly unsaturated 

fatty acids, than the case of the administration of the sesame oil emulsion, not 

containing them. 
Accordingly, a rapid decrease in the R. Q. of liver following the intravenous 

administration of the cod liver oil emulsion is re郎onablyexplained by the fact that 

thE> large amount of phospholipides in this tissue converts chie自yinto ketone body 

by successive βーoxidation. And it is thought that a slig,hter and slower decrease 

in the R.Q. of the extrahepatic tissues in this group, as compared with the findings 

of other groups, w出 causedby a vigorous disposal of ke駒田 body, which was pro-

duced in the liver. 

In summary, there w出 asignificant difference between fluctuations in the R. 

Q. of liver and the extrahepatic tissues following the infusion of the fat emulsion, 

as shown in Figs. 2, 3, 4, 5, 6, and 7. That is, the decrease in the R. Q. of liver 

was a far more remarkable than in other tissues, and was most distinct in Group 

D, next in Group B, then Group A and Group C in order, although this order is 

just the reverse in the extrahepatic tissues. From these findings it is accepted that 

liver and the extrahepatic ti岱uesperform respectively different functions in the 

process of fat metabolism. 

B) CHANGES IN THE RATE OF KETONE BODY PRODUCTION IN 

VARIOUS TISSUES FOLLOWING THE INTRAVENOUS ADMINISTRATION 

OF THE FAT EMULSION. 

Fig. 2 Changes in R.Q. of Rat Liver Following 
Intravenous Infusion of Fat Emulsion. 

Fig. 3 Changes in R.Q. of Rat Kidney Foll-Owing 
Intravenous Infusion of F乱tEmulsion. 
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Fig. 4 Changes in R.Q. of Rat Spleen Following Fig. 5 Changes in R.Q. of Rat Lung Following 
Intravenous Infusion of Fat Emμlsion. Intravenous Infusion of Fat Emulsion. 
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Fig. 6 Changes in R.Q. of Rat Cardiac Muscle 
Following Intravenous Infusion of Fat 
Emulsion. 
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Fig. 7 Changes in R.Q. of Rat Skeletal 
Muscle Following Intravenous Infusion 
of Fat Emulsion. 

R.Q 
0.9 

07 
ール
~ ,,..,. .. 
F → o ... , c 

－ー一ー『・ ＠智・ap D 

06L 
0 I 121/lrS.) Q{f I 1~仇rs.J

As mentioned above, manometric methods of study on a process of tissue 

metabolism have a weak point in that the metabolism is observed from the viewpoint 

of only oxygen and carbon dioxide. For instan伺， itis possible that the same R.Q. 

is obtained by di百erentmetabolic pathways and a similar value is detected as a 

total value in various types of metabolism. The exact cause of our decreases in R. 

Q. is not clearly understood at present. 

Therefore, the author carried out determinations of ketone加のおacetoacetic

acid which w出 producedin liver, kidney and skeletal muscle following the intra-

venous administration of fat emulsions. 

1) Infusion of Sesame Oil Emulsion Alone. 

After the determination on the R.Q. of tissues receiving the standard dose of 
the sesame oil emulsion, the concentration of ketone body in the medium w部 mea-

sured by the method mentioned above. The rate of ketone body production w部

expressed as micr宅omolesof acetoacetic acid produced per hour per 1 OOmg of dry 

tissue (Quacac). The data are presented in Table 5. The Quacac of liver began 
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Table s・ Rate of Ketone Body Production in Tissues Following Intravenous 
Infusion of Sesame Oil Emulsion into Rats. 
(Values were expressed as μ moles of acetoacetic acid per IOOmg 
dry weight of tissue per hour.) 

Time after infusion 。 1 hr. 3 hrs. 6 hrs. 9 hr・s. 12 hrs. 

3.86 4.16 5.57 7.43 5.98 5;29 
Liver 

cha（~l> 。 + 8 +44 +92 +55 +37 

0.81 0.86 0.85 0.89 0.83 0.85 
Kidney 

I Cha（~c;、e） 。 + 6 + 5 +10 + 2 + 5 

Skeletal 0.66 0.72 0.75 0.73 0.69 0.70 

ロrnscle ChaC~） 。 + 9 + 14 + 11 + 5 + 6 

to increase 1 hour after infusion and reached its maximum 6 hours after infusion. 

Thereafter the rate gradually decreased until it reached the 12 hour stage. On the 

other hand, the Quacac of kidney and skeletal muscle, which was far lower than 

that of liver, w出 hardlyincreased by the infusion of the sesame oil emulsion. 

These results, may be reasonably explained by postulating that a decrease in 

the R.Q. of liver was caused by an increase in the production of ketone body. 

However, it may also be that in the extrahepatic tissues the infused glyceride is 

not only decomposed at the stage of the ketone body, which is produced in liver, 

but also directly broken down to water and carbon dioxide. 

2) Simultaneous Infusion of Methionine with the Sesame Oil Emulsion. 

The increase in the Quacac of liver following the simultaneous infusion of 

methionine, 3mg per IOOg body weight, with the standard dose of the sesame oil 

emulsion was slightly more than that in the c部eof the sesame oil emulsion alone, 

as shown in Table 6. However, in kidney and skeletal muscle an obvious increase 

Table 6 Rate of Ketone Body Production in Tissues Following Simultaneous 
Infusion of Methionine with Sesame Oil Emulsion into Rats. 
(Values were expressed as μ moles of acetoacetic acid per 100 mg 
dry weight of tissue per hour.) 

Time after infusion 
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。 1 hr. 3 hrs. 6 hrs. 9 hrs. 12 hrs. 

3.86 

0 

4.32 5.89 7.63 6.01 5.50 

+ 12 +53 +98 +56 +42 
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0.88 0.85 0.84 

・+ 1 + 9 .,. 5 + 4 

0.66 

0 

0.69 0.72 0.77 0.73 0.70 

+ 5 + 9 + 17 +11 + 6 

in ketone body production was not produced l〕3・theaddition of methionine. These 

results indicate that methionine accelerates the conversion to ketone body from the 

inf used glyceride in liver, as do the findings obtained by the determination of the 
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R.Q. 

3) Infusion of Cod Liver Oil Emulsion Alone. 

In this investigation, instead of the sesame oil emulsicn, an equivalent dose of 
the cod liver oil emulsion was administered intravenously. The results are shown 
in Table 7. The Quacac of liver increased more markedly when compared with the 

Table 7 Rate of Ketone Body Production in Tissues Following Intravenous 
Infusion of Cod Liver Oil Emulsion into Rats. 
(Values were expressed as μ moles of acetoacetic acid per 100 mg 
dry weight of tissue per hour.) 

Time after infusion 。 1 hr. 3 hrs 6 hr・s. 9 hrs. 12 hrs. 

Mean 3.86 4.11 5.63 8.91 6.74 5.82 
Liver 

ChaC;,;) 。 + 6 +46 + 131 +75 + 51 

0.81 0.78 0.85 0.87 0.76 0.79 
Kidney 。 - 4 + 5 + 7 - 6 - 2 

Skeletal 0.66 0.68 0.63 0.68 0.64 0.67 

muscle 。 + 3 一5 + 3 - 3 + 2 

results of infusion of the sesame oil・ emulsion, differing from that of kidney and 
skeletal muscle. 

This fact shows that the infused cod liver oil emulsion, containing many highly 

unsaturated fatty acids, is chiefly converted into ketone body in liver, while the 
infused sesame oil emulsion, containing higher fatty acids other than highly unsa-
turated fatty acids, enters not only into liver, but also directly into the extrahepatic 

tissues旬 beoxidized. 
4) Simultaneous Infusion of Methionine with the Cod Liver Oil Emulsion. 
The Quacac of liver following the simultaneous administration of methionine, 
3mg per lOOg weight, and the standard dose of the cod liver oil emulsion showed 
the highest value as compared with that in the above three groups. However, in 
kidney and skeletal muscle the production of ketone body w邸 hardlyincreased after 

Table 8 Rate of Ketone Body Production in Tissues Following Simultaneous 
Infusion of Methionine with Cod Liver Oil Emulsion into Rats. 
(Values were expressed as μ moles of acetoacetic acid per 100 mg 
dry weight of tissue per hour.) 

Time after infusion 。 r. J 3 hrs. I 6 ~ 9 hrs. J 12 hrs. 
3.86 4.30 6.65 8.92 7.41 6.04 

Liver 
ChaC;,;) 。 + 11 +72 + 131 +92 +56 

Mean 0.81 0.83 0.89 0.84 0.86 0.87 
Kidney 

ChaC~e) 。 + 2 + 10 + 4 + 6 + 7 

Skeletal 0.66 0.67 0.69 0.60 0.69 0.67 

muscle ChaC;,;) 。 + 2 + 5 - 9 + 5 + 2 
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infusion of the cod liver oil emulsion (Table 8). In short, an increase in ketone 
body production of liver was most remarkable in ‘the case of the simultaneous infusion 

of methionine with the cod liver oil emulsion, next in the C部eof the cod liver oil 

emulsion, than methionine with the sesame oil emulsion, the sesame oil emulsion 
alone, in order (Fig 8) , although an increase in that of kidney and skeletal muscle 
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Fig. 8 Changes in Rate of Ketone Body 
Production in Liver Following Intravenous 
Infusion of Fat Emulsion. 
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was not noticed in all cases (Figs. 9 and 

10). From these findings, it is evident 
that ketone body in liver was produced 
in greater quantity by the infused cod 
liver oil emulsion than the s田ameoil 
emulsion and the ketone body formation 
was accelerated by the administration of 

methionine. 
Therefore, we can not help conside-
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Fig. 9 Changes in Rate of Ketone Body 
Production in Kidney Following Intra-
venous Infusion of Fat Emulsion. 
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Emulsion. 
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ring that the above mentioned distinct decrease in the R.Q. of liver w邸 causedby 

the production of ketone body. 

CONCLUSIONS 

Since the fat emulsion, which could be safely given intravenously, was prepared 
in our laboratory, As~nA, IzuKURA, SHIROTANI, NAKATA, SENo, HAsHINO and others 
have carried out histochemical and biochemical studies on the metabolic proce回 of
the infused fat. According to their results, the infused fat globules are first phago-
cytized by the alveolar phagocytes, stellate cells and reticuloendothelial cells of ・the 
spleen from the blood stream, and then glycerides were changed gradually -in句

phospholipides in these cells. 
Afterwards, the phospholipides, formed from the infused glycerides entered not 

only into the hepatic parenchymatous cells, but also into the extrahepatic ti部U出

to be oxidized. On the other hand, ketone加dylevels in the blood began to increase 
after infusion of the fat emulsion. In which organ these ketone bodies were produced? 
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The auther demonstrated in the present paper that the liver is the chief site 

for the formation of ketone body. However, it is supposed that the metabolic process 

of fat varies with the kind of fatty acids contained in .the administered fat, as has 

加enstated by LEHNINGER, GOLDMAN, CHAIKOFF and others. 
'The rate of ketone bod~· production in liver following the intravenous administ-
ration of the cod liver oil emulsion, containing man~’ highl~’ unsaturated fatty acids 
showed higher values in comparison with sesame oil emulsion, which does not contain 

them. The ketone bod~’ formation in the extrahepatic tissues even with the addition 

of methionine was not determined, since ke句nebodies, which were produced in these 

ti田ues,were immediately broken down to the final stage of fat metabolism. In 
liver, the major part of fatt~γacids were converted to the stage of ketone body, 

which diffused into the blood stream to be finally oxidized in the extr叫1epatictissues, 

while a part of them directly were converted to water and carbon dioxide. Accor-
dingly, the proce岱 offatty acid oxidation divides into direct oxidation, by which 

fatty acids are directly oxidized in tissues, and indirect oxidation, by which they 
are oxidized finall~’ in the extrahepatic tissues after conversion to ketone凶dies.

Furthermore, it is well demonstrated b~· the results in the R.Q. of tissue slices that 

various vitamins, like F. A. D., vitamin C and pantothenic acid, play the important 
role in the catabolic process of fat metabolism, especially in the stage of the T. C. A. 
cycle. 

SUl¥DIARY 

The author measured the R.Q. and the rate of ketone bodJ’production in rat 
tissues following the intravenous administration of the fat emulsion produced in our 
laboratory and obtained the following results : 

1) The R.Q. of liver, kidne~·， spleen, lung, cardiac muscle and skeletal muscle 

began to decrease 1 hour after infusion of the fat emulsion, reached its minimum 
titer 6 hours thereafter and then gradually increased. 

2) The decrease in the R.Q. of liver was far more remarkable than that in 
other tissues. 

3) The rate of ketone body production in liver increased greatly after infusion 
of the fat emulsion, while there was no evidence that ketone bodies were produced 

in the extrahepatic tissues. 

4) Methionine enhanced conversion to ketone bodies from the infused glycerides 
in liver. 

5) The infused cod liver oil emulsion, containing many highJJ’ unsaturated 
fatty acids, was chiefly converted into ketone body in liver, however, the infused 
sesame oil emulsion, containing higl'.er fatty acids other than highly unsaturated 

fatty acids, entered not only・into.・L ver, but also directly into the extrahepatic tissues 
句 beoxidized. 

6) The catabolic process of fat metabolism in vivo carried out smoothly and 
completely b~’ the simultaneous administration of methionine and various vitamins, 

like F.A.D., vitamin C and pantothenic acid with the ‘sesame oil emulsion. 
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組織呼吸商並びに組織内ケトン体産生量の

面から観た脂質代謝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：青柳安誠教授）

重 永正 之

教室創製の脂肪乳剤をラッテの静脈内へ注入し，ワ

ールプルグ検圧計を用いて各種組織の呼吸商並びにケ

トン体産生量を測定し，次のような結果を得た．

1) 脂肪乳剤注入後，何れの組織に於ても呼吸商は

一旦下降し， 6時間乃至9時間後に最低値をとるが，

その後再び徐々に上昇する．

2) 脂肪乳剤注入時に於ける組織呼吸商の低下度

は，肝臓に於ては肝外組織に於けるそれに比べて特に

箸明である．

3) 脂肪乳剤注入による組織内のケトン体産生量の

増加も，肝臓に於ては著明にみられるがp 肝外組織に

於てはこれを認めることが出来ない．

4) 脂肪乳剤にメチオニンを併用すると，肝臓に於

けるケトン体産生量が更に増加する．

5) 高度不飽和脂肪酸を多く含む肝油筑淘jよりも，

高度不飽和脂肪酸を除く高級脂肪酸を多く含むゴム油

字情lを用いた方が，肝臓に於けるケトン体産生量が少

くて，肝外組織で直接完全酸化をうける割合が多いか

ら，体内各組織では有効的に利用される．

6) 生体内に於ける脂質の異化的代謝過程は，充分

な F.A.D.，ピタミンC及びパントテン酸等の各種ピ

タミン類が存在して初めて完全且つ円滑に行われ得る

ものである．


