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INTRODUCTION 
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The high concentration of essential fatty acids (abbreviated as EF A) as well as of 

cholesterol in the adrenal gland suggests that the metabolism of these acids are related to 

the formation and secretion of adrenocortical hormones. 

恥1ATSUDAin our laboratory has observed that animals deficient in EFA. show an 

earlier exhaustion of liver glycogen during fasting and succumb to starvation sooner than 

controls. This has been considered to be a reflection of decreased adrenocortical acti¥・ity. 

NAGASE has also shown in his study on acute postoperative pulmonary edema that EFA 

deficiency induces an increase in capillary permeability owing not only to structural changes 

in the capillary wall but also to decrease in adrenocortical capacity. Subsequently, it has 

been confirmed by colleague TA MAKI that the adrenals of EF A deficient rats secrete smaller 

quantities of steroid hormones in vivo under various stresses. Furthermore, colleague 

IsHIMARU has observed electron microscopically that the adrenocortical fasciculata cells of 

EF A-deficient animals show a decrease in number of mitochondria and changes in their 

inner structure : vacuolization, depletion of smooth-surfaced endoplasmic reticulum, disap-

pearance of fine granules, development of gross fat granules, etc・. According to colleague 

KUMANO the administration of cholesterol to EF A deficient rats aggravat白 theirEFA 

deficiency and decreases adrenocortical capacity in spite of increased total cholesterol and 

esters in the adrenals. 

From all of these observations in our laboratory and the reports of HAYASHIIJ.¥ and 

PORTMAN that the adrenals of EF A-deficient rats secrete smaller quantities of steroid 

hormones in vitro under stimulation of ACTH, and of SKOVSTEAD et al., who obtained the 

same result in vivo, it is obvious that EFA in the adrenals is one of the most important 

factors influencing adrenocortical function. Nevertheless, the functional roles of these acids 

in the adrenals have not yet been clarified. 

From the fact that cholesterol can serve as a precursor of adrenal steroid hormones, 

and that administration of A（、THto rats produces a marked drop in the cholesterol ester 

fraction of the adrenal, it has been considered that adrenal cholesterol esters may he in-

volved in steroid hormone biosynthesis. 

The present investigation was designed to clarify the role of EFA, and especially 

that of adrenal cholesterol ester fractions on adrenocortical activity. Pyridoxine has been 

suggested hy many investigators to have an important relationship to lipid metaholi川）.
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Therefore, a study of the effect of pyridoxine on fatty acid metabolism and on aclreno-

cortical acti¥・ity was included. 

EXPERIMENTAL ANIMALS AND METHODS 

1) Experimental Animal ~ 

Male albino rats叶 theWistar strain supplied by the Animal Center of Kyoto Uni司

吋 rsitywぜreused for this study. The weanling rats were fed a rat chow (a product of 

Oriental Yeast Ind. Co. Japan) until their body weight reached about 40-50 g, then were 

divided randomly into three groups ; a fat diet group, a fat-deficient diet group and a pyri-
doxine-deficient fat diet group. These groups were maintained on their respective diets 

listed in Table 1αd lil1itu111 for 12 weeks in all experiments except the last group which 
was fed a pyridoxine-deiicient fat diet for 6 weeks after a fat diet for 6 weeks. 

人旦 thesource of EF.主， apurified and peroxide-free sesame oil was used. The fatty 

acid composition of the sesame oil analyzed by gas-liquid chromatoεraphy was as follows ; 

C16: 0 9.5拓， C16:1 0.7 ＇~r., Cl 8: 0 5.U;, C18 1 34.6パ，C18:2 48.9%, Cl8: 3 0.7 
% and C20 : 0 0.5 ・;,..; . Each gram of the casein and the starch used in this study contained 

respectively, 437 p.g and 46 p.g of total fatty acids, 7 pg and 7 1-1g of linoleic acid, 3 pg 

and 2 /.Lg of linolenic acid and no other polyunsaturated fatty acids (abbreviated as PUF A) 

according to gas-liquid chromatographic analysis. Therefore, a rat eatinε10 g of the fat-
deficient diet per day ingests lぜ同 than 0.1 mε of EF.-¥ per cla¥'. 

Table 1 仁川＂＇＂＇ 1t1011りIthe diet吋

F;it diet 

メl;ircli GO〆ヤ

( ＂、＂＂】 16 

：－；，.、＂＂＂ oil 20 
Salt-mi,turc・ 3 

V1t.1min-mixt11 円、 0.5 

Chりlinechloride 0.5 

2) Methods 

After an overnight fast, animals were 

anesthetized by intraperitoneal injection of 

nemhutal and hlood was collected from the 

abdominal aorta. Then both adrenals were 

removed immediately, dissected free of sur-

rounding fat and weighed. The left adrenal 

from each rat was used for lipid analysis and 

the right one and serum for hormone deter-

mination by colleague FUKUDA. Because of 

their small 同化， the left adrenals obtained 

from the fi ¥・e animals were pooled to provide 

a sinεle sample. 

The pooled adrenals. after homo只eni-

Fat-def icier、tdiet P、’ridoxine-cleficientfat diet 

80°0 

16 。
3 

0.5 

0.5 

Vitamin mi：山

Vitamin .¥ 

B1 

J3G !Iヘrirl"xuwI 
!312 

[) 

E 

lべ
Niacin 

Pantothl'nic acid 

Folic acid 

一一一一ー

60°,; 

16 

20 

3 

0.5 I IヘIirl1附1nelm・1 
0.5 

2500 I. u. 
!.Omg 

l.5mg 

l.Omg 

1.0; 

:11.srng 

200 [ ¥! 

i.Orng 

0.2mg 

10.0rng 

~.5rng 

0.5rng 
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zatio「i were extracted with ethanol-ether 3 : 1 ;is described by our colleague ]INDO. Ch()-

lesterol esters of adrenal lipids were separated from the other lipid components by chroma-

tography on silicic acid according to the method of HIRSCH and :'¥HRENS with minor 

modifications. 入 sharpseparation of the esters from the other lipid components was ob-

tained. Total lipids and cholesterol esters were then saponified with 2 ethanolic KOH 

at 60° C for 1 hour. After extraction of nonsaponifiable materials from the alkaline so・

lution with petroleum ether, the total fatty acids and the cholesterol ester fatty acids were 

removed hv acidification of the aqueous solution and subsequent extraction with petroleum 

ether. Petroleum ether extract of nonsaponifiable materials was u蛇 clto determine total 

cholesterol and esterified cholesterol by the method of :.¥BELL et al・－

For fatty acid analysis, two different methods were used, alkaline isomerization for 

PUFA content and gas-liquid chromatography for fatty acid composition of these materials. 

PUFA of total lipids and cholesterol ester只 weredetermined by ultraviolet spectrophoto-

metry after alkaline isomerization for 20 min.日t180°C, using 21 ~ KOH in ethylene 

glycol according to the method of ]INDO, which is a modification of HOLMAN and HAYES. 

The residual fatty acids from total lipids and cholesterol 引 ters were methylated by 

using 2% rnethanolic sulfuric acid at 7Ci C for 90 min.. The methyl 引 tersof the fatty 

acids were analyzed in aメHJ:¥1.¥ I以1:Gas Chromatograph恥fodel( ;c 1 B equipped with a 
hydrogen flame ionization detector. A 150 cm l I-shaped stainless-steel column of 6 mm 

i. d., packed with 25ふ diethylene glycol succinate coated on Shimalite Q, 60-80 mesh 

was used at 210°C. Nitroεen was the carrier gas, and the flow rιtie was 30ml.1min. at 

an inlet pressure of 3 Kg/cm' The inlet heater was kept at 300'C and the detector cell 

at 235 C. Approximately 5 /Ll of a solution of the methyl esters in petroleum ether w江戸

injected. The individual esters were identified by carbon number and hy internal standards 

wherever feasible. Authentic methvl esters of fatty’ acids’obtained from the ？、？《
Institute of Health (U.S.A.) and Hormel Institute (I i.S.‘λ.） , were used as internal standards. 

Quantification was carried out by triangulation. The fatty acid composition is reported as 

area per cent, and the area percent of mixed methyl esters of standard saturated CS C22 

fatty acids well agreed with their weight per cent as reported previously. 

RESULTS 

I Body weight and adrenal weight 

Body weight, adrenal weight and adrenal weight per 100 g body weight of the three 

diet groups at the end of the feeding period are shown in Table 2. 

During the course of the feeding period, all rats receiving a fat-deficient diet exhibited 

the signs of EF入 deficiency , 自じdvpaws and tails, loss of hair on the back, on the neck 

Table 2 Body weight, adrenal ＇吋！日htand adrenal weight per 100 g body weight of the three 
diet group：、＂tthe end of the feeding period 

PA 
l
 
－
 
3
 
了、，（ 

Br1ck w白ght Adrenal weight しitTn,iiw臼ghtper lOOg 
hoch・ ＇刊ight

Faトdeficientdiet 145±5.9 

116士11.2 

18.7士l.lmg

15.3土0.8

]/,9士u

7.8士0.6mg

10.7士0.6

12目4士0.7

ドι1ldiet 250土16.8g* 

fヘridoxine-deficientfat diet 

キ Standarderror of the mean. 
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and around the face, and stunted growth. In the rats fed a pyridoxine-deficient fat diet, 

mild dermatitis and retardation of growth were observed. 

Adrenal weight per 100 g body weight of fat-deficient rats or pyridoxine-deficient 

rats was significantly greater than that of rats fed supplemented fat diet. Body weight, 

and adrenal weight per 100 g body weight of the rats fed pyridoxine『deficientfat diet 

were similar to those of faトdeficientrats, and there were no significant differences between 

them. 

II Adrenal PUFA content, fatty acid composition and cholesterol content 

A) Resting state 

1) Adrenal PUFA content 

Table 3 shows the adrenal PUFA content of total lipids and cholesterol ester fractions 
of the three diet groups analyzed by alkaline isomerization. The adrenals of the rats fed 

a fat-deficient diet showed decrease in dienoic and tetraenoic acids which were abundant 

in the adrenals of the rats fed a fat diet or a pyridoxine-deficient fat diet. They showed 

an increase in trienoic acid, of which there was little in the adrenals of the last two groups. 

Tetraenoic acid content of the rats fed a pyridoxine-deficient fat diet was as high or higher 

than those of supplemented animals. However, dienoic acid content was lower in the 

adrenals of the rats fed a pyridoxine-deficient fat diet than in those supplemented. In all 

groups, the greater part of PUF A except dienoic acid occurred in their cholesterol ester 

fractions. 

2) Fatty acid composition of adrenal lipids 

Since alkaline isomerization technique did not distinguish between PUF A which had 

the same number of double bonds but which differed in chain lenεth，広as-liquidchromato-

graphy was carried out to determine individual fatty acids. 

The fatty acid composition of adrenal total lipids and cholesterol esters of the three 

diet groups as analyzed by gas-liquid chromatography is shown in Table 4. Adrenal total 

lipids of EF A supplemented animals (fat diet group and pyridoxine-deficient fat diet group) 

exhibited high proportions of 18 : 2, 20 4 acids and low of 16 : 1, 18 : 1, 20 : 3 and 

22 ・ 3 acids. Contrary, £FA-deficient group showed high proportions of 16: 1, 18: 1, 

20 : 3 and 22 : 3 acids and low of 18 2, 20 : 4 and 22 : 4 acids. The fatty acid com旬

Table 3 Adrm:'l PUFA口mtentof total lipids and cholesterol esters of the three diet groups 

Group :-¥o. of 
ml' 

Adrenal PUFA lmg/!OOmg adrenal) 

Di Tr I Tt Pt ! Hx 

Total PUFλ 1.10 0.17 1.55 0.1.1 0.03 
Fat diet 5 

ChベヘterPUFA 0.13 0.12 : 1.07 1
 
1
 

n
U
 

0.03 

Total PUFA 0.19 1.51 0.86 0.17 0.10 
Fat-deficient diet ;) 

（、Ii－庁、krPUFA 0.12 0.96 0.70 0.15 0.09 

Pyridoxinトdeficientfat 
diet 

Total PUFA 。」5 0.16 1.79 0.18 0.04 
5 

Ch-ester PUF人 0.13 0.11 1.51 0.15 O.o3 

Di : clienoic acid Tr : trienoic acid Tt ・ tf'tr;i円nicacid Pt: pentaennic acid Hx He山ennicacid 
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Table 4 The f:itt、acidn 1m1”＂iti<1n of adrenal totnl li1川｜、；md
cholesterol ester点。fthe thr町 dietgro111＂、

Fat diet group Fat-deficient diぞtgroup ｜日刊白山川
l三1tt、acid 日roup

ー 一 一 一一一一 一

Total I Ch-e批 rTotal Ch-ester T"t＂・ じh-e叶c-r
一一一一ー一一 一一 一 一一一ーーー一一 一 一一一 一

14 : 0 1.4 1.6 1.9 1.0 0.7 

16: 0 J.).5 9.6 17.0 11.7 12.3 8.7 

16: I 1.4 2.5 5.9 5.3 1.7 0.8 

18: 0 1.5 1.0 3.1 u 2.0 1.2 

18 : I 34.3 18.3 31.6 18.8 22.3 13.8 

18 : 2 15.0 :;,3 2.1 1.8 9.8 1.7 

18 : 3 0.2 0.9 0.7 

20 1.8 6.2 7.0 3.9 5.6 

20 3 0.コ 3.5 7.7 11.0 1.4 2.6 

20 : 4 11.2 19.0 1.8 7.1 22.7 24.6 

22 : 0 。.5 1.6 1.0 0.6 1.4 

22・3 0.7 1.4 7.7 13.8 0.7 

22 : 4 11.1 24.5 13.l 19.4 29 I 

22: 5 1.5 2.3 2.0 1.9 1.0 2.6 

22: 6 I. 1 I. I 2.2 1.8 0.7 2.3 

5 rat、in白1chgroup. 

position of the adrenal cholesterol esters of the three diet groups showed differences similar 

to those of total lipids indicated above, but Cl 6 and CJ 8 acid proportions were smaller 

and C20 and C22 acids were greater than that of total lipids. 
Ac仁川relin只to MoHRHAUER and He lLM主N,eicosatetraεnoic acid (20 : 4) from rat liver 

lipids consists mainly of arachidonic acid (5, 8, 11, 14-eicosatetraenoic acid) and small 

amounts of 4, 7, 10, 13 eicosatetraenoic acid. The eicosatrienoic acid (20 : 3) in liver 

lipids of fat-deficient rats consists mainly of 5, 8, 11-eicosatrienoic acid with small 

amounts of the 7, 10, 13 isomer as determined by reductive ozonolysis. Table 5 shows 

metabolic pathways of PUFA in animal bodies as assumed in our laboratory largely based 

upon the works of MEAD and HOLMAN and their coworkers. From this schema, it is 

obviot』Sthat increased fatty acids in fat-deficient animals are those of the endogenously 

deri,・ed oleic and palmitoleic acid families. However, in EFA supplemented animals, an 

increase is found in linoleic acid which恥・1EADet al. reported can never be synthesized in 

animal bodies, and in httv acids of linoleic acid family. 

Table 5 Metaholic path＼＼＇；円、 。fpolyunsaturnt配llλ1 1、acidsin animal bodies 

ll CH;i- 1 ぐH~）,-c、HCHー｛・H，，－＜‘H=CH-tCH2’； CCOH 
Linoleic acid lり， ！？（）けιHh・:idien《iic‘acidl ＜.・lR・－＇~ ·l ' ( J8：ぅ，，(iJ

;-Lin＜》len
'. +'.'C 

8, 11, 14-Ei山内山ien11ic日cidC1n，ム.11・ 14 (20 3川61
'LJ 

.-\r山«l••nic 山；cl l~l’ 8. 1 J, 14-Eicosatetraenoic acid I C叫 J;.s. 11・ 14 l20・.j，，巾l
, +'.'C 

I. 10, 13, 1日Dnr＜叫1tl'lraen川cacid C口 J7,J<1.13・ 16 
：ーコI寸

I. 7, 10, 13, 1°6 I l<1c<1>・q>entaenoic acid C2：！・J,.;.10・13・16 (22 : 5川61
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2) CHrCH，－（、H l' H-CH＇.＇ー〔、 H =CH-CH2-CH~CH→ CH2 1~－COl lH 
Linolenic acid (9, 12, J:i-( Jct"de.仁川riennic"Cid 1 C1s. Llg, 12・15( 18 : 3川iI 

) -2H 
6. 9. ］ ~ . ] ：）ー（kt川l円.1tetr"e11"ic・ acid C1s. L15, 9, 12・J!;

l +2C 
8. 11. 11. 17ト：IC<i>"tetr;ienoicacid （・＇.＇＂・ Lis. 11. 14・ 17 (20 : 4叫31

; -2H 
5. 8. 11. 1』， 17-Eirn,:1pent.1E・nけ1cacid （、2打、 Lf.;.B• 11• 14• 17 

： 十 ~c
7, JO, 13. 16.’＼ l)－［）叫＂＂ 11氏、nt；・wn‘》icacid Cn. J7. 10. 13・16・ 19 I 22 : 5川31

喧－2H
¥, 7, 10, 13, 川．19-D《忙の刈hヒλ砧enoic‘1cid（・2・」1・7・111・13.16 ・ l~

31 CH3-1CH＇.＇円ーぐHCH-1ぐHジ1-COOH
Oleic acid < リーOctad町付l＜’j,・acid) C1s・J,

; 2H 
6, LJ-Oc・t.1dec“lwnrn仁 acidt、18・.45.9 (18・2川91

; +2C 
8, 11-Eic口問d1enoicacid C 2山 ,4＂・11

↓－2H 
:.;, 8. 11-Eic川 Mrienoicacid ぐ20・ムー 8・11 (20 : 3川り）

; +2C 
7, 10. 13 Dom、1trien"1caciιlぐ＂＇J7. 10・13
4) l、H「tCH .. '"-CH L、H-rCH'.'17ぐCJUH

Palmitoleic孔cidiり－H＂、.1clen・rn山 acid)C15. Llg 
〆 コトI 、＋2C

6, 9-H＂＇制1・・≪:idi<l剛c；川d ¥I ;iccen ic acid ( 1 lー｛）山山肝111'1ιacid)
（‘16・ J.,. 9 C 18・ Lin 
、、温＋2l‘〆－211

8, I I <kt；“Jl'Cid川ぃ，1cacid t、1'・& •. 11 (18 : 2川71
: －ゴfl

5, 8, 1 1 ー（ ）山川町汁trit·11•,;,. acid C1s. ＆ョ，小 11(18：：ヲ川，，
：＋コ（、

7, JO, Ll-E＂・＇出1trie1111it・ acid c'.'!!・ J,. 10. 13 (20・3川71
；コtI 

!. 7, I II, I :1 l·:i日町 1t<:tr;1C . ·n1•1 v acid （三＇＂.J., 7, JO, 13 (20: .¥ 川71

From the results obtained by alkaline isomerization and gas-liquid chromatography, 

EFλ，especially arachidonic acid which generally is considered to be the most important 

one, were contained largely in cholesterol esters in all groups. 

3) Adrenal cholesterol content 

The values for total and esterified cholesterol in adrenals of the three diet groups are 

shown in Table 6. The increase in total and esterified cholesterol in the EF A deficient 
animals is in agreement with the reports of ALFIN-SLATER et al. and HAYASHIDA and 

Pc11ぐr:vL¥"'. It is particularly interesting that adrenals of EF A-deficient rats have an in-

creased cholesterol which is considered an important precursor of adrenocortical hormones, 

Table 6λdrenal d1<>ie,terol and c11rtic<>,ter<>ne content .ind sernm 刊 rtin i'ten川e levc~I、。f the 
three diet gr川 l[l、

F11t diet 

f;it-cld1ci"111 diet 

iヘndoxmヒ－rleficirn1
1日Idiet 

5 

5 

Adrenal 
cholesterol Ad陀nalcorticc》steron♂
mg/IOOmg川Ir.

Tnt<il I Esterified ,.ag/ I川油 山
5.67 •l.96 3.5 0.84 

8.22 7.70 '.2.9 0.51 

'5.72 'i.07 3.3 0.60 

たrum
c1 >rl icosterone事

＼。，，

Group 

r.it、
！’日／lOOml

）
 
（
 
1
 25 

5 36 

ホ Mc・.1-1m・dh1・ c<>llf';ig1w Fukud.i 
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but have a reduced adrenocortical secretion as shown by FUKUDA. 

B) A single administration of ACTH 

1) Adrenal PUF A content 

Table 7 shows the changes in adrenal PUF A content of the three diet groups follow-

ing a single administration of ACTH-Z in a dose of 3 I. U. into the back muscles. All 

PUFA in total lipids and in cholesterol esters decreased following injection of ACTH in 

each group. 

2) Fatty acid composition of adrenal lipids 

Besides the three diet groups described above, a newly prepared fat diet group and 

a fat-deficient diet group were analyzed by gas-liquid chromatography. 

As shown in Table 8, area percent of 20 : 4 acid decreased in cholesterol esters follow-

ing ACTH injection in all groups, while serum corticosterone levels rose and reached 

their maximum after 1 2 hours following ACTH injection as shown by FUKUDA. The 

Chd nge' in adrenal PUF A content of the three diet gn川P'following 
a single administration of ACTH-Z 3 I. U. (mg/IOOmg adrenal) 

Table 7 

Fat diet group 

Ch-ester PUFA 

Hx 

0.03 

0.02 

0.02 

0.03 

0.02 

0.02 

Pt 

0.1 I 

0.10 

0.09 

0.07 

0.07 

0.09 

Tt 

1.07 

0.68 

0.75 

0.80 

0.55 

1.05 

Tr 

0.12 

0.08 

0.08 

0.08 

0.05 

0.11 

D1 

0.13 

0.11 

0.1 I 

0.12 

0.08 

0.12 

Hx 

0.03 

0.03 

0.03 

0目02

0.02 

0.02 

Total PUFA 

Pt 

1.ss I 0.1」

o.99 I 0.12 

o.94 I 0.11 

1.15 I 0.10 

し02 I 0.10 

l 1」 i 0.12 

Tt 

0.17 

0.15 

0.15 

0.14 

0.10 

0.18 

D1 

1.10 

0.72 

0.73 

0.78 

0.69 

0.80 

（）ねtsI 

戸、υ
F
h
u

戸、υ

戸、u
F
h
u

一HJ

Before 

2 

4 

6 

12 hrs. 

Ch-ester PUFA. 

Tr I Tt r 日 IHx 

0.10 0.15 I 
0.68 0.15 I 

0.63 0.13 ! 

0.33 0.10 ! 

o.52 0.13 I 

0.13 0.04 

Tctal !'l._IFA 

Tr L Tt j Pt 

r 0.86 

I 0.84 

0.75 

0.45 

0.70 

0.29 

Fat-deficient diet group 

0.09 

0.07 

0.10 

0.06 

0.05 

0.02 

0.96 

0.97 

0.95 

0.59 

0.77 

0.28 

Di ] 

0.12 

0.09 

0.07 

0.08 

0.09 

0.05 

け入

0.10 

0.08 

0.11 

0目06

0.06 

0.02 

0.17 

0.18 

0.14 

0.12 

0.15 

0.06 

1.51 

1.55 

1.02 

1町09

1.05 

0.42 

i No. 

lof T吋一一l 
I 5 I 0.19 I 

s I o.1s I 

s I 0.16 I 

5 i 0.12 ! 

5 ' 0.16 

5 . 0.09 i 

Before 

2 

4 

6 

12 hrs. 

I'; ridけxine-deficier】tfat diet group 

Before 

2 

4 

6 hrs 

Ch-ester PUF A 

Tr Tt Pt j Hx 

0.11 1.51 0目15 I 0.03 

0.10 I 0.87 I 0.13 I 0.02 

o.os I o.37 I om I 0.02 
o.os I o訓 1 0.13 I 0.02 

D1 

0.13 

0.09 

0.04 

0.07 

Hx 

0.04 

0.03 

0.02 

0.03 

Pt 

0.18 

0.16 

0.10 

0.17 

Total PUFA 

Tt 

1町79

1.38 

0.67 

1.05 

Tr 

0.16 

0.15 

0.13 

0.11 

Di 

045 

0.36 

0.37 

0.51 
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corticosterone response in serum after ACTH stimulation was markedly reduced in the 

rats fed fat-deficient diet. But the difference between the rats fed supplemented fat diet 

Table 8 Changes in the fatty acid composition of adrenal cholesterol esters 
following a single administration of ACTH-Z 3 I. U. 
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and pyridoxine-deficient fat diet was not dis-

tinct following a single administration of 

ACTH (Fig. 1). Two hours after the 

injection, 20 : 4 acid in cholesterol esters 

decreased significantly (p 0.01), but the fatty 

acids other than 20・4acid did not show any 

significant change (p>0.05) (Table 9). Fig. 

2 shows changes in adrenal arachidonic acid 

content in each group calculated from tetra-

enoic acid content by alkaline isomerization, 

and the ratio of 20 4 and 22 : 4 acids by 

gas-liquid chromatography following a single 

administration of ACTH. 

3) Adrenal cholesterol content 

In all groups, parallel decrease in adrenal 

total and esterified cholesterol following ACTH 

injection was observed (Fig. 3). These data 

show that most of these changes occur in the 

出tじrfraction. 
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Fig. 3 Ch川取れ inadrenal cholesterol c• 川te11t of 
the three diet groups following d single 
administration of礼CTH-i'.3 I. U. 
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Successive administration of えCTHfor 

4 days 

Three diet groups of the rats were in-

jected with ACTH Z in a dose of 3 I. U 

into back muscles on 4 successive days. In 
the course of this experiment, animals were 

fed respective diets ad lihit u111, but an over-

night fast was forced before sacrifice. Two 

hours after the injection on the second and 

fourth day, rats fed fat diet or fat-deficient 

diet were sacrificed and adrenal lipids were 

analyzed. Aメ forthe rats on pyridoxine-

deficient fat diet the procedure was carried 

out on the fourth day only. 

Adrenal PUF.-¥ content and fatty acid 

com po『itionduring successれぞ，－＼CTHinjection 

are represented in Table 10 and 11. Fig. 4 and 5 show changes in adrenal arachidonic 

acid and cholesterol content during successive入（、THinjection. The first day’s values are 

borrowed from that of 2 hours after a single administration of ACTH in previous ex-

peri口1ent.

Rats fed fat diet contained arachidonic acid abundantly in adrenals both in total lipids 

and in cholesterol esters from the first day through the fourth day, but in rats fed fat-

〔）DIET GROUP 
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Fig. 2 Cl1.111以佐川inadrenal arachidonic acid content 
of the three diet日lり＂＂＇followmg a single 
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hrt 



-l-l 日本外科宝函第34巻第 1号

Table 10 Char】gesin adrenal l'l'F主 contentof the three diet grrnqト duringdaily 

administration of .¥l'Tll-Z 3 I. U. lur I cLl¥s I田g/JOOmgadrenal) 

Fat diet group 

Before ! 5 

2 i 5 

4 d川 N ー

Fat-deficient diet group 

Before 

2 

4 days 

＼，』
《》Irはt、

Ul 

0.87 

0.61 

0.52 

－
一
－
h
a
q
d
p
o

n
－－
3

5

 

一
n
u
n
u
n
U

一
q
t
υ
a
a
a
『
J
I

M
川

一

1A

’l
一
D

l

－
o
o
o
 

k
u

－
 

h
h
a

－
 

N
h

一5
3

5

Tr 

Total Pl Tfλ 

Tt 

1.43 

1.04 

1.00 

Pt j Hx Di 

0.13 ! 0.04 :: 0.1」

O.JO ! 0.03 ' 0.10 

0.09 0.04 0.08 

Hx 11 Di Tr ! Tt 

0.09 0.08 0.62 

0.08 0.07 0.56 

0.06 0.03 0.23 

0.13 

0.09 

0.10 

Total PUL¥ 

Tt I Pt 

0.81 0.13 

0.76 0.12 

0.41 0.07 

lヘridoxine-deficientfat diet group 

（、Ii（ヘt~r PUFλ 

Tr Tt Pt 

0.08 0.95 0.10 

0.05 0.50 ' 0.06 

O.Q7 0.59 0.06 

Ch-ester PUF.'.¥. 

0.57 

0.47 

0.20 

Hx 

O.D3 

0.02 

0.03 

Pt l Hx 

O.JO ! 0.08 

0.10 : O.Q7 

0.06 I 0.04 

ρ
L
 
，d
 
e
 
e
 

L
H
 e
 

『
白

A
h

U

1
什

聞

nr

t

4
＆

園

礼

1
川

町

－

E

K

－
d
 

e

T

I

L

E

E

口

h
T
h
圃

n

t

i
一
－

e

n
J

園

口

旧

z
－d

r
－
－

f
 

l
刊

H

－H

1
3

、．
i

？

出コ－

R

川

7

6

7

6

8

2

6

6

8

3

7

7

7

；

・

：

’

i

r
叫

ん

一

加

l

U

3

l

m

u

7

m

7

1

U

H

i

：

m
d

－

一

一

間

叩

－

－

3

t

E

一

n
n
－

一

0

5

8

2

7

3

3

－3

7

9

0

2

1

6

川

M

E

一4
1

0

0

1

ト

6

＆

2

a

l

L

仏

1

3

c
m
－

一

一

1

1

1

3

K

H

E

D

A

一
一

山一

u

－F
一
一

－
t

－

F

O

O
－－

8

0

9

4

 

i
λ

－
e

2

〕

Z
〕

．

E

l

i

－

C

2

0

1

5

1

9

2

0

6

1

i

 

c
－
，
d

1

i

1

4

1

A

つ＆

e

－
 

h
u
b

－
t
 

i

n

－

川

山

mr

－

川

U
旬

、iに

U

b

E

‘，．A 
唱
E
Ae
 

Lu a
 

下
且

Before・ 

4 d川、

I三1tl、acid

11 . 0 

16 0 

16 : I 

18. 0 

18 : I 

18: 2 

20 1 

20 3 

20: 4 

22 : 0 

22 : 3 

22: I 

22 : 5 

22: 6 

5 r川、 i111・,,ch group. 

D
 

ad t
 

o
m
 

N
 t
 
o
 

Before 

0.9 

9.6 

0.9 

I. I 

JU 

6.5 

l.り

3目5

23.J 

1.0 

0目7

26. J 

'.2.0 

3.6 

Total l'l11よ..'¥ 

rr Tt ! Pt I Hx 
0.16 l 1.79 i 0・18 • 0・04

0.09 0泊 I 0.07 0.02 

0.13 

0.04 

2 

2.0 

l l.8 

1.3 

1:5.5 

tr 

10.2 

6.3 

2.0 

16.7 

15.6 

2.1 

'.2.6 

ぐIi'"tcr Pl！ド.＇＼

01 Tr Tt ' Pt 

0.11 1.51 0.15 

0.04 0.33 0.04 

Hx 

0.0'1 

O.Dl 

Iヘml《山ine-defic1ent
fat diet group 

I Before 

2.3 it 0.7 II v 

15.'..'. 8.7 

1.2 II o.s 
1.1' 1.2 

15.7 11 13.8 

tr I 1.7 

7.1 11 5.6 

8. t '.2.6 

5.1 :21.6 

1.8 i: J..J 

1s.2 11 0.1 

I lリ＇ :29. J 

'.2.3 '.2.6 

3.3 ii 2.3 

ー＇！ davs 

I. I 

13.3 

1」

1.1 

11.3 

6.0 

3.9 

21.6 

I.I 

0.7 

28.0 

3.0 

0.9 



ROLE OF ESSENTIAL FATTY . .'¥.CIDS AND PYRIDOXINE <>NλDRENりじりRTICλLトlINCTlC＞：＼←15 

FAT DIET GROUP 

Ill/I帥明
1ar 

0 5ふ~I

0 5 

I 0 

0 5 

ヘ
"' Ch-ester 
－一一－＋一一－－－－ー・．，ーー－－・

FAT-DEFICIENT DIET GROUP-

＼／人＼＼＼可

‘． ‘一、一ーーーー＿... ＿ー

0 I 

一ーーーーー・．．．．
ーー・ー・吋．

PYRI日OXI NE-DEFICIENT 
FAT DIET GROUP 

．．．．．．．－ 一．．司．
一一．白‘‘
ーー‘、．

d・Y・S
•Fig. 4 Changes in adrenal arachidonic acid content 
of the three diet groups during daily 
admini,tration of ACTH-Z 3 I. U. for 

)'Iパ。oml

I 00 

t da、ト

ACTH ACT” ACTH 
! 

Fat Diet Group 

ト、、』
Ii --. ..__ Pyridorone deficient 
／町、、‘～.Fit Oi et Group 

50ト ／Ii--......～～＼＼＼』

Fig. 6 

ーー．ドーーー一一一一一一 、．; ----.... ＿ー・
Fat deficient Diet 

• Group 

。l 4 days 

Changes in serum corticosterone levels of 
the three diet groups during daily admin・
日trationof ACTH-Z 3 I. LT. for 4 d；川、
tF叫h悩la>

聞l/loom1
制rI FAT 01 ET GROUP 

Fig. 5 

5ト、

へ~.，＼ Total 
ト ートーー・------ －－－ーーー ーー－ー・

Este『，f1ed 

FAT-DEFICIENT DIET GROUP 

。l

PYR I日OXIME-OEFICIENT
FAT 01 ET GROUP 

4 d・7・
Changes in adrenal cholesterol <.:<Jntent of 
the three diet groups during daily admi-
111,tr川i＜山 of主CTH-Z3 I. U. for 4 d旬、

deficient diet adrenal arachidonic acid, alread, 

only a small amount at rest, decreased marked-

ly after 4 days, especially in the cholesterol 

esters. But in rats fed pyridoxine-def icient 

fat diet, adrenal arachidonic acid in cholesterol 

白 tersdecreased markedly after 4 days in spite 

of unchanged level of total arachidonic acid. 

According to FUKUDA, changes in serum 

corticosterone levels during successin: . .1..CTH 

injections are as shown in Fig. 6. えclrenal 

arachidonic acid content in cholesterol がter,;

changed parallel with serum corticosterone 

levels during successive A仁THinjections (Fig. 

7). 

Changes in adren~d cholesterol content as 

illustrated in Fi宗.5 had in gener,il the same 
tendency as those of arachidonic acid, but in all threピ groupsestぜrifit・dchりlesterolchλ11日eel

parallel with total cholesterol, and cholesterol content of the adrenals of rats fed fat-deficiと11t 

diet in total or in esterifiecl form was high in contrast with their arachidonic acid content. 
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APPENDIX Lipid analyses of 5 human adrenals 

1) Materials 

え只 shownin Table 1:.2, 5 human adrenals 

used in this studv. 

2) Methods 

Extraction, silicic acid chromatography for separation of cholesterol esters and saponi-

fication were carried out as described above. After saponification of total lipids and cho-

lesterol e；恥rfractions, an aliquot of the unsaponifiable fraction was used for cholesterol 

determination as described above. The total fatty acids and the cholesterol ester fatty 

acids were obtained by acidification of the aqueous solution and subsequent extraction with 

petroleum ether. The solvent was evaporated to dryness under a flow of nitrogen, and 

the total fatty acids and the cholesterol ester fatty acids were weighed. Fatty acid prep-

arations were methylated and analysis of the mixtures of fatty acid esters was carried 

out with gas-liquid chromatography as described above. 

3) Results 

The results of total cholesterol, esterified cholesterol, total fatty acid and cholesterol 

ester fatty acid determinations are shown in Table 13, and the fatty acid composition of 

total lipids and cholesterol esters is in Table 14. 

operation were obtained by necropsy or 

Human adrenal gland sources Table 12 
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Table 13 Cholesterol and fatty 汁山lcontent り15 human adrenals 

Total cholesterol 

Esterified cholesterol 

T11tal l.1tt、‘tCJcl、
Chol酢terolester fa ti) ancb 

26.5mg/g 

11.5 

15.0mg/g 
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ll.O 

38.3 

30.3 

11.7 

3 5 

32.1 

2fi.2 

28.9 

8.7 
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29.8 
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16.3 

.ta.? 

37.2 

13.1 

8.6 

Table 14 The fotty acid l'<Jt!li""iti< >11 of 5 human adrenals 

J
U

一

口

一

0

0

1

0

1

2

3

1

3

4

0

3

4

5

0

6

免
U

一

W

一4
6

6

8

8

8

8

0

0

0

2

2

2

2

4

2

1

一
・i
t

a

－－

1
ム

1Ea

－－ゐ

1
4

つ＆

ηι

つ
＆
つ
－

n
4
n
L

？”

。ι

つb

au

一

F

↑・

一

－

G
U
今

L

氏
υ

Fb

s
a
τ
1
A

司
ω
A
U
q
J
v
a
u

q
d
Q
M

I
t
t
A
A噌

n
u

一
J

1

8

3

2

1

0

0

2

9

7

0

0

9

1

3

4

－

q

、υ
1

i

a
一
一

J

2

0

3

2

4

7

2

2

6

4

3

5

1

0

U

一3
－

2

9

7

4

3

5

1

3

3

0

0

3

0

0

2

T

一
一

1

4

1

3

3

2

1

1

5

3

2

心

3

β

β

2

8

7

のん

1
A

－J

－3
1

4

ぷ
v

n
u
n
u

。，UF
b
q
υ
1
A
3
1
q
d
n
U
1
A
q】

一

1

3

1

一

一7
5

1

U

6

5

3

0

9

3

1

l

J

6

2

9

一
1

1

6

3

7

1

4

0

0

2

6

4
士

l
l
p
o
o
l
2

’l
q

J

T

A

 

J 

2.3 

15.7 

6.2 

3.5 

36.0 

11.2 

0.3 

1.0 
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1.9 

0.5 
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1.7 

0.5 

1」

2.9 

7.9 

l.3 

2.6 

31.2 

8.7 

0.3 

1.9 

9.1 

~.3 

1.4 

?S 

10.5 

1.4 

1.8 

6.3 

Cholesterol esters 

2 ! 3 

1.8 I I.I 
8.6 : 7.7 

6.9 5.'l 

2.0 2.2 

38.4 43.-1 

1.1 I 3.7 
0.3 i 0.1 
2.3 ' 2.8 

8.7 I 6.4 

3.0 4.5 

1五 1l 

i.s I 1.3 
5.3 1 7.5 

0.5 i 0.6 

2」 1.3

5.1 3.9 

4 5 

1.9 1.6 

8.7 8.3 

l.2 1.7 

2.4 i ~.2 

3~.4 35.1 

10.3 i 8.6 

0.1 0.2 

1.9 1.6 

10.5 11.0 

5.3 I 4A 
1.3 I 1.4 

0.9 I 1.3 

1.1 I 8.3 

0.6 1.0 

2. l 2.6 

3.3 3.8 

The predominant fatty acid was oleic acid. There was a relat1＼・ぜlyhigh proportion 
of 20 : 3 acid and low of 20 : t acid, especially in cholesterol esters as compared with rat 
adrenals. These data are generally in agreement with the report of EBl・:J<H ¥C;E:'¥ et al.. 
However, 22 : 6 acid was detected in this study <1nd identified by comparison with lipids 
from rat brain which contained an extremely high content of 22 : 6 acid. 

DISCUSSION 

No other organ of the body contains such a high concentration of EFA 出 theadrenal. 

Recent investigations in this laboratory have shown that animals deficient in EFA contained 

low concentrations of dienoic and tetraenoic acids and high concentration of trienoic acid 
in adrenals, and they exhibited a reduced adrenocortical 町 ti,・itv under various srr引只ゼー－

during fasting or even in the resting state. However, little work has been done in de-
termining the iatt＞・乱cid composition of aclren<il lipids concerned with the adrenocortical 

secretory 辻仁tivity.

Present study revealed that the adrenals of EF.¥ defi('¥t・ntrats had lower levels of 
clienoic and tetraenoic acids and hi只her level of trienoic acid both in total lipids and in 
cholesterol ester fractions than those of supplemented ぐlllllrc》｜、.and Ft :1.;i 11 > ¥ showed th<lt 
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in these animals the secretion of corticosterone by adrenal cortex following administration 

of :¥CTH in vivo was reduced significantly. Moreover, it was ascertained by gas-liquid 

chromatography that trienoic acid accumulated in EFA. deficient animals consisted of 20 : 3 

and 22 3 acids目 Whichare considered to be 5, 8, 11-eicosatrienoic acid and 7, 10, 13 

docosatrienoic acid respectively, derived from oleic acid. ..¥ml tetraenoic acid which occyrred 

abundant!¥・ in the adrenals of EF . .¥ supplemented animals consisted of 20 : 4 and '..'.'..'. : l 

acids, considered to be :5, 8, 11, 14 eicosatetraenoiじ acid(arachidonic acid) and 7, 10, 13, 

16 docosatetraenoic acid respectively, both derived from linoleic acid. 

These data are generally in accord with those of H.¥ Y.¥s日IDAand PORTMAN, and 

δKO¥'STED et al.. Howe日 r,they analyzed adrenal lipids by the method of alkaline iso-

merization and not by gas-liquid chromatography, so that the chain length of the acids was 

not determined. 

With r引 pedto the cholesterol, it is well known that adrenal tissue contains extremely 

high concentrations of cholesterol, and an injection of Al、THdepletes the cholesterol coル

tent of the adrenal じortex. From these phenomena, together with the fact that cholesterol 

is closely related chemically to the cortical steroids, it has been suggested by many investi-

gators that cholesterol might be a precursor of the cortical hormones. Direct引・idencewa' 

obtained by Z孔FFARO:-JIet al. in 1951, using cholesterol・ 仁14that adrenal cholesterol was 

a precursor of cortisol and corticosterone. 

However, the present study shows that the adrenal cholesterol content of EFA. deficient 

rats is higher than that of supplemented ones in spite of their reduced adrenocortical ca-

pacity. It is obvious that adrenal cholesterol じontentby itself is not an index of adrenocortical 

c<qlacity. 

人じじordingly,it seem宍 likelyfrom the fact that adrenal cholesterol esters contain a 

high proportion of EFA, and loss of cholesterol following injection of入（、THis almost 

entirely due to a decrea対 inthe ester fractions, that adrenal cholesterol esters mav be 

involved in steroid hormone biosynthesis and EFA in cholesterol esters play an important 

role in formation of steroid hormones. It is particularly interesting to speculate whether 

メpecificcholesterol esters are concerned in steroid hormone biosvnthesis. 

The present experiments showed the proportion of arachidonic acid in adrenal cho-

le~ll'rol esters analyzed by gas-liquid chromatography to be decreased significantly (pこ0.01)
in the course of 2 hours following administration of ACTH when the corticosterone re-

バporN:in serum was at its maximum as demonstrated by FUKUDA. On the other hand, 

the proportions of the other fattyけじidsin adrenal cholり tern]c刊tersdid not show any signifi-

cant changes (p > 0.05). The町 results indicate that the cholesterol esterified with 
arachidonic a仁川（cholesteryl arachidonate) decreases叩町ificallyfollowing administration of 

入じTH. Furthermore, the serum corticosterone levels changed parallel with the adrenal 

arachiclonic acid content of the cholesterol esters, rather than that of total lipids during 

succe鉛iveadministration of :¥CTH. 

On 1l1e ba町長 ofthじ resultspresented here, it may he じり11じlucledthat cholesterol ＜＇川terr-

fied with arachidonic :wicl is《1precursor ofメteroiι1honnorn明 inrats. Howen'r it is not 

apparent under the present c・xpL・rimental conditions whether cholesteryl arachiclonate is the 

、c1ll'I】rぞcur、けrofぇtl'roidhりr口1011出， orwhether cholesterol c円lげ iiied wi l h fatty acids other 
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than arachiclonic acid can not scr¥'e川 aprecursor of the hormones, since cholesterol esterifiecl 

with fatty acids other than arachidonic acid also deじre:i対六 followingadministration叶人CTlf,

although its rate of decrease is宍lどnificantlysmaller than that of cholestervl arachiclonate. 

The difference in serum cortit、cisten >ne le＼叶sbetween animals fed pyricloxine supple司

mentecl fat diet and pyridoxinピ－deficientfat diet in the resting state or followi口氏 a"inどle

administration of ACTH was much less strikinιHowever, on the fourth day of札ICC引 si,・e

administration of ACTH, the difference became distinct. At the same time, in animals 

fed pyridoxine-deficient fat diet adrenal cholesterol 肘 terarachiclonic acid decre出 edsharply 

in spite of unchanged total arachidonic acid content. It is apparent that pyridoxine affects 

adrenocortical function through lipid metabolism. 

In previous studies of the rりleof EFA, Kt INKEL and WILLIAMS first noted an increase 

in cytochrome and choline oxidases in EFA deficienn’ TuLPULE and P ¥T¥L¥JWH ¥'.¥reported 

that the deficiency resulted in a reduction of glutamic, succinic and butyric acid dehydro『

genase titers. KLEIN and JOHNSON first suggested that the deficienc¥・ brought about an 

uncoupling of oxidation from phosphorylation in mitochondria. This prりpc州 lwas later 

supported by the work弓 ofTULPULE and ¥ v I LU日＇ISwith hけmo貯 nat引 andLEVIN et al. 
with mitochondria. 

TULPULE and PAT¥¥'.¥RDHAN also ohsen・ed a reduction in liver glutamic dehydrogenase 

activity of vitamin B6-deficient rats, which was further decreased by a double deficiency 

of EFA and vitamin B6・TuLPULEand WILLIAMS suggested that this vitamin was neces-

sary for maintaining the phosphate esterification system 山~ociatcd with the oxidation of 

reduced cytochromeぐ Y,¥M. .¥llλet al. ohsen・ed that vitamin B6 phosphate was nじce"-c;an・

for decarboxylation from pantothenate to pantotheine, so that this vitamin directly related 

。

。

／ 

ン
／／。
／メ

。" 

バ・

、。mi{'day 

色

o Healthy 
e:. Ulcus ventr. ・Ca「Cvent「
企 Care.oesoph. 
×Others 

。／~~°＂

． ’企

／
・

． 》4． 

． 

;. 

20 

::t: 
ト－

"-' 
‘Z 

151 !: 
ω 
的

<= 
0 
且
凶

"' Cピ
乙〆ラ

"-' 
::t: 
Cコ
r、

－ "' -ロトー
〉、

5i :;; 
<= 
』

二コ

I （~ Serum Tel raenoic acid 

IO 15 111g/1ooml 

The relat川＂＇hipbet＼＼官nぜ111111 tetraenoic acid l引 el,;and tntal 17-
<!He・、re,;pc川崎 inurine inλl'T卜Itc叶 1Fuんuda1

5 
/l・ ' 3 

Fig. 8 



50 日本外科宝函 ;p,:3 t 'lj 第 1号

to Co λformation. 

Thus, it is obviou~ that the deficiency of EFえ orvitamin B6 affects many enzyme 

勺・sterns and induces disturbance of lipid metabolism. It is quite plausible that in 

animals deficient in EF:-¥ or vitamin B6, the formation of cholesteryl arachidonate in 

adrenals or the supply of materials necessary for it from plasma might be disturbed, and 

in EF:-¥-deficient animals even in the resting state, and in vitamin B6-deficient EFA sup-

plemented animals under various stresses, their adrenals can not respond to an increased 

demand for adrenocortical hormones in the body. 

As to the role of EF:¥ on adrenocortical activity in man, no conclusion can be drown 

from present 叫uclv. However, FUKUDA showed in his clinical study that there was an 

intimate relationship between tetraenoic acid concentration in serum and total 17-0HCS 

response in urine after ACTH stimulation (Fig. 8). It may be presumed that EFA play 

the same role in the human adrenal as in the rat. 

CONCLUSION 

1) The adrenals of EF:¥-deficient rats had lower levels of 18 : 2, 20 : 4 and 22 : 4 

acids and higher levels of 20 : 3 and 22 : 3 acids both in total lipids and in cholesterol 

esters than those of叩 pplementedcontrols. 

2) Pattern of the adrenal fatty acids of the pyridoxine-deficient EFA supplemented 

rats was similar to that of pyridoxine and EFA supplemented controls in the resting state, 

but after daily administration of AC、THfor 4 days the amounts of EF:¥ i. e. 18 : 2, 20 : 4 

and 22 : 4 acids in cholesterol esters decreased markedly. 

3) Rats fed EF:¥. deficient diet or pyridoxine-deficient EFA supplemented diet show-

ed reduced secretion of corticosterone by adrenal cortex ; the former even at rest, the latter 

after daily administration of ：＼.（寸Hfor 4 days, as compared with the supplemented controls. 

4） λdrぞnal total and esterified cholesterol content of the rat adrenals fed EF A-

deficient diet was higher than that of supplemented controls, therefore the adrenal cho司

lesterol content by itself is not an index of adrenocortical activity. 

S) In the three diet groups, in the resting state, or followin広 singleand successive 

administration of ACTH, secretion of corticosterone changed parallel with cholesterol ester 

arachidonic acid content in the adrenals. 

6) Two hours after a single injection of AC、TH,when the serum corticosterone levels 

reached their maximum, cholesterol esterified with arachidonic acid (cholesteryl arachidonate) 

1k・crじ礼町dsignificantly more than that esterified with other fatty a仁川1

7) From these observations and the fact that adrenal cholesterol is the major mother 

substance of adrenocortical hormones, it may be concluded that cholesteryl arachidonate is 

the main precursor of adrenocortical hormones in rats. 

The author wishes t" expre" his sincere gratitude to Dr. Y. H1KASA, the .¥"1,t.mt Pro！十悼のrof our clinic, 
f<ir h1、helpful、II日日トt1onand kind guidance in the course りith町 、、・ork.
The gist of the pn吋 nt'tudy w前 reported;it the 36th .".nnual M肘ting,,1 the Japan Endocrinologi山 ISociety 
1 April. 1963九日nd川 the3rd M叩 ngof the Pn 
• ：.；，，、！《111ber’1963).
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副腎皮質機能に占める不可欠脂酸ならびに

ピリドキシンの役割に関する実験的研究

京都大学医ト・1外科’下教室第2講座（指当事・木村忠司教授）

村 岡

従来より教室では脂質礁に不可欠脂酸の生理学的；音、

義の解明に努めてオてたが，その一環として，脂質殊に

不可欠脂酸と副腎皮質機能との関係をも検討し，不可

欠併殺の欠乏l土副腎皮質機能の障害を招来するニとを

実験的並びに臨床的に確認するに至つ凡

本研究は脂質殊に不可欠脂酸の副腎皮質機能に対す

る作用機f'}をうかがう目的で，脂質ftrリノ＿，，械を約

五0°0の割合に含有する精製ゴマ油を 15°0含むh 脂質

欠乏食（精製ゴマ油を澱粉で置換）及び脂質代謝に重

要な関係を有するピタミン＆を欠乏せしめたピタミン

恥欠乏l!H'質食で飼育せる 3群の白鼠について，主l'TH

1間 ＇kぴι1回連続負荷を行って， 副望号脂質と副腎皮
質機能の関係を検討し，併せて剖検及び手術により得

られた人副膏の脂質分析を行った． 副腎脂質より

のコレステロールエステル画分々叩；：こは Silicicacid 

chromatngr川phyを用い， r:,11枚方、析には従来の λlkaline

i' im1-ri1:1tion i：去にG山 ーliquidchromatographyを併用し

てP 副腎総脂質及びコ L ステロールエステ ’~i覇分につ

いて た々 コLステロ－ 'L 及び脂酸の分析を行~＂次の

結果を f~｝.た．尚血清中のコルチコ て テロ ノ の測定は共

同研究者信回が行った．

I) 上記3群と ι不可欠脂酸を含めてが店主fl Ill片隅（t 
コレステロールエステ弘画分中に大半が合有され，脂

質欠乏食餌てe飼育せる試獣で；土， リノール酸，アラキ

ドン続及びD仰向tetnwncJ!C acid の介広が著しく減少

しp Eic• ""trienoic acid 'Ii_ぴ D叫川叫 trienriicacidのそ

れが P仁川しており，その副腎皮質機能は ACTHI /<1] 

並りに4/ii］負何時には勿論すてに安静時に於ても強〈

j（単脅されている．

2! ピタ ミン＆欠乏脂質食群の副腎では，安紛｜時に

はピタミンRs！－充分に校与した脂質食群と間程度か或

はそれ以上の不可欠脂酸を含有し，副腎皮質機能 I，安

l作時及び¥lTH I問［’i何時には対照脂質fit/ff：に比して

殆ど遜色を示さなし、が，主CTH連続，l間fl{,iiでIt,

日lj:!:f低r:11't't中には41照脂質食群と同程度の不可欠l!l"i眼

寺含有するにも拘らずp コレステロ一札ムステル踊分

r:if 介

中の不可欠脂酸は著しく減少して，じしろ脂質夕、芝 ft

群のそれに近づき， 同時に副腎皮質機能も強〈障害さ

れて脂質欠乏食群のそれに近づく．

3) 」れら 3群白鼠の血中コルチコステロン濃度

；土，安静時並びに主l'TH負荷時とも副腎コレステロ

-，，エステル函分中に含有される不可欠脂酸就中アラ

キドン酸の量とよく平行的関係を示す．

4) 副腎のコレステローもはステロイドポ’Lモンの

Pr町 ur釦 rたり得るものであるが， 3群ともその大部分

（約90"'oIがエステル型であって， AぐTH負荷により

急速に；岐’J；する．しかし乍ら副腎のコレ ステロール含

量は副腎皮質機能の低下している脂質欠乏食群に於て

最も高〈，従ってコレステロー，，の含量それ自休は副

腎皮質機能と平行的関係、を示さない．

51 抗、THl回負（，：jに際、して，血清コJI,,チコステロ

ン濃度がほぼ最高値を示す負荷後2時間目の副腎コレ

ステロールエステル脂酸のうち，Gas-liquidchromr,to-

graphyによれば，3群ともアラキドン酸の占める百分

率のみが特異的に有意の減少を示す．即ち託、TH L~ 

｛~itごよってアラキド／酸とエステ ，，紡合している コレ

ステロール （Chole気付ηlarachidonate Jが，それ以外の

脂酸とエーζテル結合するコレステロールに比べて特異

：γ、J:= ;«Q •J,·することを示すものである．

6) 以上の成績から， 白鼠にfj？て（士副腎中の Chr》

l《A、I【、r、Iarachidona tゼ点：副腎ステロイドホ ！Lモンの主な
Prcn1r、＂rである と汚えr,J. Lる．

7) 剖検或は手術により得られたろ例の人副腎のコ

レステロール l!i_び脂酸を分析したわ，人副脅の脂酸機

成は I’l以に比べて Eiぐり＞：1trienoicacid が多111：に合イI

3ふ，ア？キド／俄lt比較的少ない．しかし乍ら共同

研究者福auq-rなった λCTHーtトtの際の尿中総 17-
<JHCメ1,(1ι訟とJUじi'iTetraenoic川 cl（殆どがアラキドン

酸jのrmには統従1，相関々 係、が存在しF 人に於てもア
ラキド〆械がl’J.fll＇こ於けろ と同様の¥i:t主を有するもの

と憶測される．


