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I. INTRODUCTION 

1631 

A fat emulsion which can be given intravenouslJ.ア was prepa1℃d in our 

laboratory.20・2u・Since then, fat metabolism in vivo has been examined histochemically 
by AsADAu and IzuKURA28>, and biochemical studies have been conducted bγIKEDA27), 

NAKATA46', SEN056> and KuvAMA35>. These studies in our laboraton’ clearly demonstrate 

that the fat globules (triglycerides) infused intravenously are first phagoc,'>・tized ¥Jy 

the alveolar phagocytes and the reticuloendothelial cells of the liver and the spleen, 

and are changed from glycerides into phospholipides in these cells. The phospholipides 

thus produced enter not onl，＼’ into the hepatic parenchymatous cells, but also into 

the extrahepatic tissues in the form of lipoprotein, and undergo further metabolism. 
Furthermore, HAsHINo19) in our laboratory proved, Ii，＼’ means of perfusion 

experiments of the isolated liver and Ii，＼’ intravenous administration experiments, 

that fat can be oxidized at least to the stage of ketone bodies in the isolated liver 

as well as in the body and that the production of ketone bodies is chiefly performed 

in the liver. SHIGENAGA57) in our laboratorγattempted to determine, by the u田 of

羽TARBURG’sapparatus, the respiratory quotient and the rate of ketone bod，＼’ production 
in various tissues following intravenous administration of fat emulsion. As a result, 

he has demonstrated that the liver is the chief organ for the production of ketone 

bodies, and has reached the conclusion that extrahepatic tissues have the function 

of oxidizing ketone bodies produced in the liver. 

In the present paper, the author has concentrated upon examination of the 

phases of production of a-ketoglutaric acid (hereinafter referred to as K. G. A.) in 

rat tissues following the intravenous administration of fat emulsion by paper 

partition chromatograph,¥・, in order to determine whether the fat globules (triglycerides) 

infused intravenously can be introduced into the T. C. A. c.¥・cle, the final stage of 

fatty acid oxidation. 

II. MATERIALS AND METHODS 

1) Ex1日rimentalAnim'lls: Healthy male rats weighing approximately 150g 

were used. After being fed the standard diet for about one week, the，＼’ were fasted 

for 12 hours prior to the experiment. 
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2) Fat Emulsion: 20% sesame oil emulsion, containing 14;: glucose was used. 

3) Used Drugs: 

1. methionine ([-methionine) 

2. riboflavin (riboflavin-5’－phosphate) 

3. nicotinic acid (niacin amide) 

4. vitamin C (l田ascorbicacid) 

5. pantothcnic acid (calcium pantothcnate) 

4) Infusion Method : 14 ／シ glucose solution, the fat emulsion, or mixtures in 

three di百erent proportions of the vitamins and the fat emulsion n℃I℃ infused 

intravenously as shown in Table I. 

Table I Co例~binations of Fat E例 ulsionand Various Drugs Used in the Experiments 

Group 

A 114% Glucose 

B !Fat emulsion 

C IFal emulsion 

D !Fat emulsion 
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Niacin amide: [-Ascorbic acid 

Niacin amide! I Calcium pantothenate 
Niacin amide1 [-Ascorbic acid I Cal山 mpantothenate 

5) Tissue Samples : The experimental animals were sacrificed b~· 四rdiac

puncture, and 4～5 ml of blood was collected. 1 ml of this blood was used for the 

determination. The liver, the diaphragm and the kicln町’ were quick！~· removed and 

immediately frozen lict＇γc211 two blocks of dr~· ice according to the method described 
b~· （‘Av ALLIN! and FRONTALI.4) 

Fig-. 1 Chromatograms of k巴toacid 2 : 4-dinitrophenylhydrazones (Solvent, n-butanol/ 
ethanol/sodium bicarl川nalc'・ The filter papers are arranged in order from 
left to right: pure"' ketog-lutaric acid 2 : 4-dinitrophenylhydrazone; blood; liver; 
diaphragm; and kidney. The white marks between the filter papers show the 
position of the spot due to o:-ketoglutaric acid phenylhydrazone on the paper. 
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6) Procedures of Measurement: The determination of K. G. A. was made with 
paper chromatograph~· .5，問、12,17,32,5L55,53,60) 

The method used was an improvement on that of CAVALLINI and FRONTALI4> 

devised by ToKUSHIGE, MoRIWAKI, KATSUKI and TANAKA.66' A sample chromatogram 
is shown in Fig. l. 

The ketone bodies were measured by the method of KornE, MuKOYAMA and 

MoRITA33' which is an improvement of GREENBERG and LESTER’s method.10> 

III. RESULTS 

Using healthy male rats in the・ post-absorptive state after fasting for 12 hours, 

the K. G. A. levels in blood and tissues prepared under nembutal anesthesia were 
estimated and compared with those prepared without the use of anesthetic. The 

results of this investigation, as shown in Table II, show that the di百erencesare 

Tab1e TI Changes in the Levels of tX-KetoglutaパcAcid According to the Methods of 
Preparation of Experimental Tissues 

て下÷凶eranest… ！ 
Diaphragm〔mg/hg) 0.67 

Kidney (mg/hg〕 0.37 

without anesthetic 

1.02 

0.22 

0.69 

0.38 

almost negligible. The values given in. the table are the means of 5 anesthetized 

samples and 10 non～anesthetized samples. The results obtained are in agreement 
with EL HA w ARY and THOMPSON’s conclusion10>. Experimental tissues were therefore 
prepared without the use of anesthetic in the present investigation. 
(1) Group A (Infusion of 14% Glucose Solution Alone) 

This experiment was performed to afford a control to the subsequent infusion 
experiment of the fat emulsion (Group B). The standard dose for the intravenous 

administration of fat emulsion has been settled as 0.3g of fat per lOOg of bod~＇ 

weight in the following infusion experiments, according to the data of SmGENAGA's57' 

investigations. In Group A, accordingly, 1.5 ml of 14% glucose solution per lOOg 

was infused intravenously into rats. 

Tissues were prepared in the manner stated above at certain definite intervals 

after the infusion, and the levels of K. G. A. in blood, liver, diaphragm and kidney 

were determined. The results are shown in Table III. The levels of K. G. A. and 

ketone bodies in the blood reached the maximum one hour after the infusion, and 

then gradually decreased. An almost identical tendenc~· was observed in the K. G. 

A. levels of various tissues. The increase of K. G. A. one hour after infusion was 

greatest in the diaphragm, follo＼＼℃cl in order by that in the blood, the liver and the 
kidney. The di町erence,however, between the rates of increase of K. G. A. levels in 

the liver and the kidney was insignificantly small. 
(2) Group B (Infusion of Fat Emulsion Alone) 

To this group, 20% sesame oil emulsion containing 14% glucose, was given 
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Group B 

Table Ill ,,_-Ket叫んtaric.lcid Levels in Various Tissues and Concentration of Ketone Bodies 
in Blood Following Intravenous Infusio舟 ofGlucose Sol叫tion(Each value shows 
the mean of three samples.) 

I Time after infusion 

同町ks 1τ~1 3 hr. 6 hr. 9 hr. Fhr.'15叫8hr. 
[Mean (mg／川位 II泊 Iu3 I i.13 1.川 1.12I o.991 l似

I Change （%〕 Io I ＋釦＋III +11 竺－｜十1~ I型 ＿＋！
Liver Mean C~Jhふlo.;I 0.25 i 0.23 I 0.20 I 0叫 0.2;I a.is [ 0.20 

Change(%) I 0 +14' +5 -91 +51 01ー1sI 

Diaohrag-m [ M叩（mg/hg)I0.69 I 0.88 I 0.83 I 0.76 I 0.72 I 0.7~ I 0.6: [ 0.69 
ν5  ,Change(%) i 0!+281+20 +JO +4j +lj -3J 0 

I Mean （時／｝刷0.38! 0.40 I 0.40 0.40 I 0.38 I 0.40 I 0.37 I 0お
K伽 Y I Change （%〕 I~: + 5 I + ~ + 5 I ＿（）に~I 吐ゴ

f~ ! J Mean ｛吋／＜］） II 0.45 I 0.58 I 0.51 I 0.47 I 0.47 I 0.45 I 0.46 I 0.50 
: §" i Blood I Ch叫 e(%) I 0 I + 29 I + I3 I + 5 I + 5 I 0 I + z [ + 11 

Table IV rx-Ketoglutaric Acid Levels in Various Tissues and Concentグationof Ketone 
Bodies in Blood Following I勿IグGむenousInfusion of Fat Emulsion I Each 
value shows the mean of three samples.〕

I Time after infu ・ 

恥 marks I 0 ¥ 1 hr.13川両よい川叫8hr. 
i即時／叩2I 1.12 I ]. ~~ I ］.「 1.26I 1.…11.05 
Change(%) I Ol+lOI +81+141+241+151 +6 +3 

IM抑制hg)I0.22 I o~~ I o「 o~ I 026 I o~： I 02Ll o.• 
Change(%) I 0 -91 +I4 +91 +181 -91 OI -9 

m)M叩叫＞Io.69 I o.56 I o.79 I o叫 1…I0.131 oη 
Change (%) I 0 Iー19I + 14 I + 43 I + 12 I + 30 I + 6 I +4 

Y I Me 
Change (9五） • I o I + 3 I + 11 i + 24 I + 32 I + 32 I + 8 I + 3 

: ~~I ~’nnri I Mean (m日i)I aム｜…日記 o.95I瓦；－I…｜ーム；9-jD.81
l m ~ I …v~ I Ch叩 ge(%) J o I +30 I +86 j+111 I＋即 j+IOOI +76 J ＋幻
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intravenously at the rate of 1.5 ml per lOOg. The results are shown in Table IV. 
The level of K. G. A. in the blood, the diaphragm and the kidney increased gradually 

until it reached the maximum after 9 hours. After that it decreased gradually. 
Furthermore, the changes in the concentration of ketone bodies in the blood were 

similar to those in the K. G. A. level, and agreed well with the results obtained by 
HASHIN0.19) 

These experiments with Groups "¥ and B and previous investigations in our 

laboratory, show clearly that intravenously infused fat is first phagocytized by 

alveolar phagocytes and reticuloendothelial cells of the liver and the spleen and the 

glycerides are changed into phospholipides in these cells. These phospholipides enter 
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1ot only into the hepatic parenchymatous cells, but also into the extrahepatic tissues 

n the form of lipoprotein, and undergo further metabolism. That is, the fat infused 

intravenously breaks down to acetyl-CoA in the Fatty Acid cycle and, in the 

presence of oxaloacetic acid, enters into the T. C. A. cycle. 

(3) Groups C, D and E (Simultaneous Infusions of Various Vitamins and the 
Fat Emulsion) 

What e百ectsoccur in the catabolic process of the intravenously infused fat, if 

various vitamins needed for fat. metabolism are simultaneously employed with the 

fat emulsion? To make this point clear, the author investigated the changes in the 

levels of K. G. A. in blood and tissues, when various vitamins, namely, methionine, 

riboflavin, nicotinic acid, vitamin C and pantothenic acid, ＼＼℃re infused in di汀erent
combinations as follows : Into rats of Group C, 3 mg of methionine, 3 mg of 

riboflavin, 6 mg of nicotinic acid and 6 mg of vitamin C per lOOg of bod:yア weight

were injected intravenously together with the standard dose of fat emulsion. Into 

rats of Group D, 3 mg of methionine, 3 mg of riboflavin, 6 mg of nicotinic acid 
and 6 mg of pantothenic acid per lOOg of body weight were injected with the fat 
emulsion in the same way. And into rats of Group E, 3 mg of methionine, 3 mg 

of riboflavin, 6 mg of nicotinic acid, 6 mg of vitamin C and 6 mg of pantothenic 
acid per lOOg of body weight were injected. The results of these experiments are 

presented in Tables V, VI, VII and Fig. 2. 
Levels of K. G. A. in the blood, the diaphragm and the kidney, as well as the 

concentration of ketone bodies in the blood, increased gradually after the infusion, 
and reached the maximum after 6 hours. After that, they decreased gradually. It 

is clear that the reduction of time from 9 to 6 hours before reaching the maximum 

was caused by the simultaneously infused vitamins. Levels of K. G. A. in the blood, 
the diaphragm and the kidney after 6 hours were greater in Group C than in the 

other two groups, and little difference was田enbetween Groups D and E. In regard 

Table V o.-Ketoglutaric Acid Levels in Various Tissues and Concentration of Ketone Bodies in 
Blood Pollo初 ingSimultaneous .Infusion of Methionine, Ribof laりin,Niacin Amide and 

Ascorbic Acid with Fat E例ulsion(Each value shows the mean of three samples.) 

一土，， 1~1~1ぷEE:~~竺

f IL ！な·（~ア川.： l~I ＇~：t'ff~i~-il＇.~； 
Group C 

Riboflavin+ 



1636 日本外科宝函第28巻第5号

Table VI a-Ketoglutaric Acid Levels in Various Tissues and Concentration of Ketone Bodies 仇 Blood
Fo/lmυing Sれ刊叫ltaneousInfusion of Methionine, Riboflavin, Niacin A例ideand Calciui循
Pantothenate with Fat E11wlsion (Each value shows the mean of three samples.) 

I Time after infusion 

Group D _J_ －竺ナ 0 1 hr. i百戸／~12 hr.¥1s丙五
i I Mean （叫 ／＜ιI

Fat emulsion+ I I Blood I I I I I I I I I 
R I I Change (%) I 0 I +16 I +27 I +28 I +21 I -2 I +3 I 0 

川 hionine+ I ~ i山 jMean (m山）j0.22 j 0.26 I 0.22 I 0.23 I 0.19 I 0.20 I 0.22 I 0.21 
l 11. －一一 !Change(%) I Ol+ISI OI +51ー14I -9 I o I ー5

Riboflavin+ ~ J Mean (mg/hg)! 0.69 J 0.69 I 0.81 I 1.24 I 0.90 I 0.75 J 0.70 I 0.68 
:・ ! Diaphragm I Change （%〕 ＼o I o I + 11 I + so I + 30 I + 9 I + 1 IーI

:¥'iacin an11de + I '"' ! ; ' i ; l ; ・ ・ ーー！一一
'Iと I [Mean （時／hg)ro.38 I u.39 I 0.43 I o.44 I o.38 oお I0.39 I 0.35 

Calcium f I Kid町 jchange(%) I oj +3j+13/+16j o -51 -31-a 
pantothen山 i I －一一一一一 一l一一一！一一一一I___ I I 

~~I [Mean （同／di)I o.45 I o.56 I o.8s I u8 I o.91 I o.64 I 0.11 I o.so 
:::: :::;- Blood I I I I I I i I I 
~ ~ ! I Change C%) I o I +24 I +96 1+1621+103 I +43 I +57 I +12 

Table VII a-Ketog/utaric Acid Levels in Various Tissues and Concentration of Ketone Bodies 
in Blood Following S閉山ltaneousInfusion of Jlethionine, Ribofla型in，九TiacinAmide, 
Ascoグbic_-!cid and Calcium Pantothenate with Fat E111ulsi011 (Each value shows 
the mean of three samples.) 
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to ketone bodies, the increase was most marked in Group D, and was less apparent 

in Group C, and least in Group E. These r℃sults of the pre田ntinvestigations a1唱

consistent with the ob刈 n・atiり11sof HAsHrno19>, ,,・ho had carried out biochemical 

studies on the concentration of ketone bodies in rabbits, using the回 memixtures of 

fat emulsion and vitamins as in Groups C and E. It ma~· be noted here that the 

delay in the appearance of maximum values in his experiments w加 dueto the use 
of a herbivorous animal. 

To state the ab:ive considerations in di百erentwords, the infusion caused a marked 

inc1℃ase in the K. G.λ. level in Group C, but the increase in the concentration of 
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Fig・. 2 Changes in ≪-ketoglutaric acid le＼叶sin blood, liver, diaphragm and kidney. 
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ketone bodies was not so notable. In Group D, on the contrary, the concentration of 
・ketone b吋iesobviously increased, but the increase in the K. G. A. level was only 
slight. Concentrations of both K. G. A. and ketone bodies in Group E showed hardly 
' any increase (Fig. 2). 
In view of the results so far achieved, it would be safe to say that vitamin C 

, is involved in the reaction in which citric acid is converted to K. G. A., whereas 
pantothenic acid is involved in the further reaction in which K. G. A. is converted 
to succinic acid. The citric acid in the above reaction is produced by condensation 
1 of oxaloacetic acid with acetyl-CoA, which has been produced through fatty acid 
oxidation (Fig. 3). Therefore, it is quite reasonable that no accumulation of K. G. A. 
and ketone bodies is observed and the function of the T.仁.A. cycle is most smooth 
in Group E, to which vitamin C and pantothenic acid have been administered 
1 simultaneously with the fat emulsion. 
( 4) Control Experiment 

We have seen that the levels of both K. G. A. and ketone bodies in Groups C, 
D and E reached the maximum 6 hours after the infusion of the fat emulsion. In 
'order to ascertain beyond any doubt that these increases are due solely to the infused 

9 6 3 
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Group 

Drngs 

ix-Keto司
glutaric 

acid 

Ketone 
bodies 

Fig・. 3 Acctoaretic ancl citric acid in relation to 
.t ~－carbυ11 fragment r Al'C'Lylー（‘0A1.

ACTIVATED 
FATTY A（’ID 

AぐIミTYT,-Co:¥ ＜＝ヨ ACETOACETICACID 

u +OXAL仙叩TICACID 
CITRIC ACID 

↓ C02 + H之O

Table VIIl Control E.rpr1’』.'Irent 

j Group C' i十 Gr叩 PD’ し← Gro~p Z’ 一一
i 14% Glucose + j 14% Glucose ＋｜附 Glucose+ 
I-Methionine + RiboftaYin + I 1-Methioninε ＋Riboflavin+ I I-Methionine + Riboflavin+ 
1 Niacin an刈e+ I-Ascorbic I Niacin amide + I Niacin amide + I-Ascorbic : acid 1 i acid + 

! Calcium p訓 ott児enate ! Calcium p加 tothenate 

l 恥 nCでJll:il 川。anBlood I I Blood 」句 i i Blood I IChange (%) I + 11 1( hange ( %〕 ｜ーII !Change （%） ーl

I r IM…山IIo . ~0: 11¥Iean伽g／ ヰ IM巴aI Liv巴r ｜、 I I Liver I 
' ：（可ha暗 e（%〕 ！イl 1c1i日ngc（%〕 ｜一司 jChange (%) ｜ー14

! Diaph- Me< mg/h色・Ji
! ragm （’h丘n広e(%) 1+11,ragm Change〔%） ' ol ragm !Change (%) I +3 

:.¥lea川rng/hg);0.41 . i:.¥Ieanr ffド＇hg1 0.3~ 1 IMean(mg/hg)I0.38 : Kidney : Kidney 人 Kidney’｜  
! Cha附 （%） I +Sj fh叫 e〔%） ー11 ;c11叫 e(%) I o 
I ;:.¥fean < nc早々ll110.18 ~ ＇.＼1ean （叫 ん!11ri11I '.¥lean (mg/dl)lo.45 i Blood I I Blood 1 , I Blood I ｜ ｜印刷肝（%）I +7 [Change (%) I +51 !Change (%) j 0 

fat emulsion, the author carricrl out a control experiment by using 14% glucose 
solution, instead of sesame oil emulsion, with various vitamins in Control Groups C', 
D’and E'. The results are shown in Table VIII. In regard to levels of K. G. A. an<l 
ketone bodies, no great difference was seen between these groups. Besides, the values 
thus attained did not differ so much from the results in rats in the post-absorptive 
state after fasting 12 hours. Accordingly, it m町 beargued that the increase of K. 
G. A. and ketone hDcl:: k¥Tb after infusion is【lucchicfl:-; to the oxidation of infu副
fat. 

IV. DlS< T’R訂ON

The general view of fat metabolism in vitro, which is biochemically suppor凶
torla ~· ， is briefly as follows: Acti¥・atcd fatty acid breaks down into 2・carbon
fragments, viz. acctyl－（句oA after repeated β・oxidatiom;8' 11'31・c・w.One part of acetyl・ 
（‘リ.＼enters directly into KREBS’T. C. 1¥. cycle3u, and is dissolved into carbon dioxide 
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and water (Direct oxidation). The other part of acetyl-CoA reacts, in pairs, in the 
liver by the action of condensing enzyme句 formacetoacetic acid, which is di百used
into the blood stream and is carried to the extrahepatic tissues, and then is dissolved 
and activated into acetyl-CoA again. This acetyl-CoA enters at last into the T. C. A. 
cycle, and is oxidized completely to carbon dioxide and water like the former 
(Indirect oxidation). 2,3,7,9,i3,19,3口

systems catalizing the reactions of fatty acid oxidation are contained in mitochondria. 
37 ,39,40.:≫J 

Now the problem is whether these considerations are also appliciable to fat 
metabolism in vivo. Histochemical and biochemical studies on this pr-oblem have 
. been continue@ for several years in our laboratory, using the fat emulsion which 
was prepared in our laboratory. The results so far obtained by the research of our 
predecessors indicate, roughly, that the lower fatty acids, highly unsaturated fatty 
acids and unsaturated fatty acids having more than 20 carbon atoms are the ones 
which undergo, for the most part, indirect oxidation. On the other hand, higher 
saturated fatty acids, oleic acid and the essential fattv acids are the ones which in 
general undergo direct oxidation. In other words, acids of the former group not onlJ’ 
impose a heavy burden on the liver, but also prcduce ketone Lulic日 toa marked 
degree, and those of the latter impose scarcely an~· bv.rdrn on the liver and wuhιe 
hardly any ketone bodies.63165> In addition to this, our predecessors have also shown 
that for a desirable combustion of fatty acids, even of those that undergo a fairly 
economical, direct oxidation, the simultaneous infusion of glucose and various vitam-
ins, especially riboflavin, nicotinic acid, vitamin C and pantothenic acid is very 
necessary. 9 62、64)

So far we have judged that the fat infused in the form of emulsion is ultimately 
metabolized to carbon dioxide and water lw the T. C. A. cycle. Our con:・ecture, 
however, has been formed on the indirect bases of the results of measurements of 
the respiratory quotient and the production rate of ketone bcdies in Yarious tiumes57' 
and the changes in the concentration of ketone bodies in blocd19> following the intrav-
enous administration of the fat emulsion. 

By measuring the level of K. G. A., a member of the T. C. A. cycle, in the 
liver and extrahepatic tissues (diaphragm and kidney), the author has confirmed 
beyond doubt that the intravenously infused fats (triglycerides) are oxidized and 
finally enter the T. C. A. cycle to undergo the final oxidative processes. These 
measurements have also supported the view that the simultaneous infusion of the 
above-mentioned vitamins is necessary to ex1児elite the metabolic processes and to 
secure maximum nutritional e百ectsof the infused fat. 

In this connection, the author investigat疋dthe particular roles pla~℃d by vitamin 
C and pantothenic acid in the T. C. A. cycle, by estimating the levels of K. G. A. 

in variouぇtissuesand the concentration of ketone bodies in blood following intravenous 
administration of the fat emulsion under di町erentconditions (Groups C, D and E). 
There is no great di古erence,so far as the levels of K. G. A. in various tissues are 
concerned, between the simple infusion of the fat emulsion (Group B) and the 
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simultaneous infusion of the fat with methionine, riboflavin and nicotinic acid. The 
simultaneous infusion of these vitamins, ho¥¥'evcr, reduces the length of time in 
which the increment of K. G. A. reaches the maximum. Moreover, ＇＇’hen vitamin C 
is added to methionine, riboflavin and nicotinic acid (Group C), the levels of K. G. 
A. in various tissues show a marked increase. And yet, when pantothenic acid is 
infused with the fat emulsion in addition to these vitamins (Group E), the levels 
of K. G. A. in tissues do not increase much. In other words, the levels of K. G. A. 
increase most with the simultaneous infusion .of such vitamins as riboflavin, nicotinic 
acid and vitamin C (Group C). Ribof!aYin and nicotinic acid are here necessary for 
the function of the Fatt,¥' Acid cycle, and vitamin C is necessary for the activation 
of aconitas0,18'61> which plaγ只 an important role in the mutual transformation of 
citric acid, cis-aconitic acid and iso-citric acid. It ma~· well be considered that the 
com para ti＇℃Jy slight increase of K. G. A. in Group E is due to the transformation of 
K. G. A. into succinic acid. To give an explanation in greater detail: K. G. A. is enabled 
to enter smoothly the further metabolic proce田 tobe transformed加 succinicacid by 
the action of pantothenic acid, since K. G. A. thet℃by undergoes oxidative decarboxy-
lation by coenzymes like co・carboxy¥ase,D. P. N. and activated CoA to form succinic 
acid戸29,19ι53> From the vic¥¥'-point of K. G. A. production, the changes in its level 
in Group E are similar to those in the group (Group D) to which methionine, 
riboflavin, nicotinic acid and pantothenic acid are administered simultaneous｝γwith 
the fat emulsion. But in regard to ketone bodies in blood, it can be readily recogn-
ized that there is a distinct di百erence between these two groups. That is to say, 
ketone bocl,¥・ production in Group E is less than that in Group D. 
To summarize what has been said. From the view-point of K. G. A. production, 
it might seem on the surface that the metabolic process can be sufficiently facilita凶
only with the simultaneous infusion of methionine, riboflavin, nicotinic acid and 
pantothenic acid (Group D). But, it should be noted that without vitamin C, acetyl-
CoA produced in fatty acid oxidation, does not smoothly undergo the mutu~l trans-
formation of citric acid, cis-aconitic acid and iso-citric acid which is performed by 
the action of aconita田， and that, instead of going through the T. C. A. cycle, it is 
exploited for the production of ketone bodies, and results in the slight increase of 
K. G. A. in Gr~up D'. as we have already’ seen. On the contrary, in Group E旬
which methionme, nbo旺avin, nicotinic acid, vitamin C and pantothenic acid are 
simultaneously given with the fat emulsion, K. G. A. produced by the action of 
vitamin C, is continually transformed into succinic acid by the action of pantothenic 
acid, although the levels of K. G. A. in these two Groups, D and E. seem more or 
less alike. Hence, it must be said that a marked 【li百
between the t＼＼＇り groups.

V. Slll¥11¥L¥RY 

and ~~：：r~~ ~~：＂：~二t~：~i~~1ve~fofぷ：~og：なれ：：Io:t：~；：ニsdi~~~：~：
after the intravenous infusion of the se拍meoil emulsion invented in our laboratory. 
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SittlPk . infos.ion of. the .fat. :mul.sion,. as ~vcl~ as 
ethionme, nbofiavm, rncot1111c acid, v1tam111 (, and 

~ these studies. 
JJl 

its simultaneous infusion with 
pantothenic acid was investigated 

The following conclusions were reached : 
1. The fat infusecl in the form of emulsion IS evidently oxidized in the 

parenchy1:1atous organs,, and ultimately metabolized to carbon dioxide and water by 
the function of the T. C. A. cycle. 

z. Fat metabolimn in vivo can be 
riboflavin, nicotinic acid, vitamin C and 
fat emulsion. 

expedited by the infusion of' methionine, 
pantothenic acid simultaneousl~· ·with the 

3. In the T. C. A. c~·clc, vitamin C facilitates the reaction until the production 
of a-ketoglutaric acid from acctyl-CoA, and imntothenic acid acts upon the production 
of succinic acid from rY-kctoglutaric acid. 

The author wishes Lo express sincere gratitude Lo Dr. Y. H1KA~A for his helpful suggestions 
and kine! guidance thrnughout the pt'esent in\'estigaLion. 

The results of this inYestigation as clesn·ibecl in the preceding pages were made public at 
the -1-lLh annual meeting of THE GASTIW-ENTEHOLOCIC:AL SOCIETY OF JAI'A>l in 1958. 
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α・ケトクソレターJレ酸を中心としてみた生体内

脂質代謝過程の実験的研究
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深田費迫

著者は教室創製のゴ＜￥1由乳剤を単独或はメチ寸ニン 2. メチオニンF リポプラピン，ニコチン酸p ピタ

リポプラピンp ニコチン酸p ピタミンc，ノfントテン ミンc，パントテン酸等のピタミン類をゴマ池乳剤と
酸等と併用してラッテに経静脈性に注入しp J血液p 肝 併用することにより生体内脂質代謝過程はより一層円

臓p 横隔膜，腎臓に於けるrケトグルタール酸量の逐 滑化される．

時的測定並に血中ケトン体濃度の測定を行v'1 次のよ 3. クエン酸回路に於いてP ピタミンCU:xーケトグ

うな結論に達した． ルタール酸生成迄の反応を円滑にしP パントテン酸は

1. 注入されたゴマ泊乳剤含有脂酸は明らかに実質 伊ケトグルタール駿よりコハク酸生成の段階に作用す

臓器内で酸化せられ終極的にはクエン酸回路内に導入 る．

される．


