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ABSTRACT 

The influence of pyridoxine upon the metabolic conversion of linoleic acid to 
arachidonic acid was studied in the livers of rats maintained w ith different kinds 
and conditions of dietary fats. 

In the basal diet group, the liver phospholipid fraction of the pyridoxine de
ficient animals revealed significantly higher percentage of linoleic acid and sig
nificantly lower percentage of arachidohic acid, when compared with the control 
group, whereas in the liver phospholipid fraction, the proportion of arachidonic 
acid was higher and that of eicosatrienoic acid significantly lower in the pyri
doxine deficient group fed the hardening oil diet. Recovery experiments were 
carried out. The time course of changes in the fatty acid composition of the 
liver lipids of rats fed cotton-seed oil, after 6 weeks on a hardening oil diet, re
vealed slower velocity of increase in arachidonate, slower velocity of decrease in 
eicosatrienoate and faster velocity of increase in linoleate in the pyridoxine de
ficient group. Changes in the fatty acid composition of the liver phospholipid after 
giving r-linolenate to rats previously fed a fat free diet showed also slower velocity 
of increase in arachidonate and lower velocity of decrease in eicosatrienoate. 

It is concluded that pyridoxine plays an important role in the essentia l fatty 
acid metabolism, chiefly in the conversion of r-linolena te to arachidonate. 

INTRODUCTION 

The relationship between pyridoxine and essential fatty acid (EFA) meta
bolism is still to be clarified despite numerous investigations in this area 
during recent years1>. Especially the possible role of pyridoxine in the meta
bolic conversion of EF A has been of interest since the report of Witten and 
Holman2> that tissue concentrations of arachidonic acid were lower in rats 
maintained with a diet deficient in pyridoxine and essential fatty acids and 
given linoleate than in those maintained with a similar diet and given pyri
doxine and linoleate. They emphasized that linoleate was a precursor of 
arachidonate in the rat, and that conversion was stimulated by pyridoxine. 
The importance of pyridoxine for utilization of linoleate was further docu-
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mented by the findings that in pyridoxine deficiency, with or without supple

mentation with linoleic acid, the content of linoleate particularly in the phos

pholipid fraction of the liver was increased while concomitantly arachidonate 

was decreased and the greatest effect was obtained during the first few days 

of supplementation3' -s) . These findings are supported by the experimentations 

in human beings6' 77' . The mechanism of the action of pyridoxine might pos

sibly be explained by the in vitro experiments of WakiJ8', in which pyridoxal

and pyridoxamine-phosphate appeared to be cofactors in the chain elongation 

of the fatty acid chain by incorporation of acetyl CoA. Kirschman and 

Coniglio9: , on the other hand, indicated that pyridoxine was not concerned 

specifically with the conversion of linoleate to arachidonate, but "may effect 

in a general manner the metabolism of the saturated and monounsaturated as 

well as polyunsaturated fatty acid," since the greater increase in arachidonate 

in rats fed both pyridoxine and linoleate could have resulted from tissue 

growth. Greenberg and Moon10l observed that the presence or absence of 

pyridoxine in the diet did not influence the amount of arachidonic acid in the 

blood when fat deficient monkeys were fed corn oil. Other recent investi

gations11' 12' also lent no support for a specific effect of pyridoxine supplementation 

on conversion of linoleate to arachidonate in liver. Thus up to the present 

time, no clear-cut conclusions have been drawn concerning a specific role of 

pyridoxine in the metabolism of the polyunsaturated fatty acids. 

In the attempt to delineate a possible function of pyridoxine in relation to 

the metabolism of essential fatty acids, it seems pertinent to investigate the 

influence of dietary pyridoxine on the fatty acid distribution in the liver of 

rats maintained with different kinds of dietary fats and to study the time 

course of these changes. 

EXPERIMENTAL PROCEDURE 

Diet and care of animals 
Male albino rats of Wistar strain weighing 50-70 g were used throughout 

the study, and were divided into five groups according to the diets. The rats 

were caged individually in raised wire bottom cages. Water was given ad 

libitum. The diets are described in Tables 1 and 2. Group A received a basal 

diet, whereas groups B and C were maintained on hardening oil diets. D 

group rats maintained with a hardening oil diet for 6 weeks, were transferred 

to the basal diet. The fatty acid compositions of liver lipids were determined 

at intervals for 6 months. E group rats were fed a fat free diet for 2 weeks. 

These dietary groups were subdivided into two sub-groups, pyridoxine deficient 

and pyridoxine supplemented. Group C only was sub-divided into 3 subgroups 

· · · · (i) 1st fed a pyridoxine deficient diet for 10 weeks, (ii) 2nd a pyridoxine 

supplemented diet for 10 weeks, and (iii) 3rd a pyridoxine supplemented diet 

for 2 weeks after 8 weeks on a pyridoxine deficient diet. 
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TABLE 1 

Composition of basal diet (rat/day) 
glucose 6.2 g 

2.4 g 

1.0 g 

0.4 g 

casein (vitamin free) 
cotton seed oil 
Me Collum's salt 

Vitamin mixture (rat/day) 
thiamine-HCl 
riboflavin 
pyridoxine-He! 
vitamin B12 
biotin 
folic acid 
niacinamide 
inositol 
Ca D-pantothenate 
choline-HC! 
PABA 
vitamin A 
vitamin D 

40.0 pg 

60.0 pg 

60.0 pg (when added) 
0.1 pg 

1.0 pg 
10.0 pg 

0.2 mg 
3.0 mg 
0.2 mg 

10.0 mg 
0.5 mg 

300 I.U. 
30 I.U. 

TABLE 2. Effect of dietary treatments on weight gain 

Diet 

(A) basal diet 

(B) hardening oil diet 

(C) hardening 
oil diet 

(i) 
( ii) 

(iii) 

~~~~----~---

(D) hardening oil diet 
~ basal diet 

(E) fat free diet 

~ fed r-linolenate 

I 
pyridoxine No. ofl 

(DOP) rats 

( --) 
(+) ~ I 

(-) 8 
( +) 7 

<-> I 
(-()+8) w 1 

~(+)2w 

4 
4 

4 

I (-) II 27 
(+) 22 

DbP)( +)110 
(+) 10 

bodtt ;:t~ght li:'e~t motalityl duration-~~ 
initial 

1
. final w~~) (%) J experiments 

(g) (g) 

71.4 1124.3 13.7±0.31 0 7 wks 
69.4 160.0 4.4±0.4J 0 7 

--'-..~~~ 

!t~ 1g~:~ ~~:~~g:~L~~~- ---~ w,~:~-
57.5 
53.8 

60.0 

60.1 
59.9 

49.9 

50.1 

83.3 3.2±0.4 
180.0 8.1±0.6 

146.0 7.8±2.0 

112.8 
194.8 

60.2 

81.1 

I 
15.2~2.31 
j7.6:d.O, 

J3.2±0.8! 
I I 

J4.9±0.7j 

j1o wks 

1

10 II 

10 II 

0 
0 

25.0 

7.4 I from 6 wks 
4.5 to 6 months 

10.0 j16 days 
I 

-~L:ti__'~--

Pyridoxine deficient sub-groups (in groups A, B, C and D) were produced 
by omission of pyridoxine from the vitamin mixture. In group E the pyridoxine 
deficient sub-group was intraperitoneally injected with desoxypyridoxine13l 0.5 
mg for one week daily, in addition to omission of pyridoxine from the vitamin 
mixture. 

The fatty acid composition of cotton seed oil and hardening oil are of the 
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following weight percentages cotton seed oil: 14 : 0 0.9, 16: 0 21.7, 16: 1 

1.0, 18: 0 2.7, 18: 1 21.0, 18: 2 52.7. hardening oil: 14.0 2.7, 16: 0 25.3, 16: 1 

1.6, 18 : 0 44.0, 18 : 1 23.5. 
The food intake of each pyridoxine supplemented sub-group was restricted 

to the average daily intake of the corresponding deficient sub-group. In this 

experiment the pyridoxine supplemented sub-groups were used as controls. 

At the termination of experiments the rats which had received the pyri

doxine deficient diet showed symptoms of severe pyridoxine deficiency charac

terized by loss of weight, acrodynia, capillary fragility etc. Food cups were 

removed from the cages 18 hr before the rats were killed by decapitation 

without anesthesia. The livers were removed quickly, weighed, and kept at 

-20° until analyzed. 

Methods 
Lipid extraction: Liver lipids were extracted with 20 volumes of chloroform

methanol (2: 1, v/v) by the procedure of Folch et alY' Hydroquinone was 

added as an antioxidant. 

Thin layer chromatography15': Liver lipids were fractionated on thin layer 

chromatography (TLC) into five fractions: I. cholesterol ester II. triglyceride 

III. free fatty acid IV. free cholesterol V. phospholipid. 

The analyses were carried out on 20 x 20 em chromatoplates coated with a 

thin layer (0.5 mm) of silicic acid containing 10% calcium sulfate as a binder. 

The chromatoplates for these studies were dried and activated by heating 

them for 2 hrs at uooc in an oven and allowed to cool to room temperature. 

The solvent system used consisted of n-hexane-ethylether-acetic acid. 39 : 10 : 1 

(v/v/v). 0.02% 2, 7-dichlorofluorescein16' was applied in the adsorbent layer 

for visualizing spots in UV light after chromatography. 

Interesterification: Interesterification of lipids was carried out by a slight 

modification of the method of StoffeP7'. Lipid fractions separated by TLC 

were scraped off into test tubes equipped with glass cap; 5 ml of 5% HzS01 

in methanol and 0.2 ml of 2, 2- dimethoxypropane were added, and methylation 

was allowed to proceed for 12 hrs at 40°C in a water bath. The reaction 

mixture was diluted with an equal volume of water and extracted two times 

with 4 ml portions of n-hexane and evaporated to dryness. 

Gas-liquid chromatography18' 19l : A Yanagimoto model 5 DH with a 2000 x 3 

mm stainless column and a flame ionization detector was used. Liquid phase 

was 15% diethylene glycol succinate polyester supported on 80-100 mesh Celite 

545, nitrogen was used as carrier gas at a flow rate of 17.5 ml/min. All analysE's 

were carried out at temperatures between 170 and 190°C. Identification of the 

peaks was made by comparison of retention time with known standards (Applied 

Science Lab. Inc.). The areas nnder the curves were computed by multiplying 



A POSSIBLE ROLE OF PYRIDOXINE IN LIPID METABOLISM 109 

their respective height by the width at half height. For statistical evaluation, 
the averages of the data from each group and the standard deviations of the 
mean were calculated. The significance of differences between the means was 
determined by students't test. 

Determination: 
Phospholipid20> : Phosphlipid was assayed by the method of Hoeflmayr and 

Fried (PL Kit Haury). Namely the residue of Folch extract, after evaporation 
of solvent, was digested with 70% perchloric acid and nitric acid, and the 
liberated phosphate was determined by the molybdate colorimetric phosphorus 
of Fiske and Subbarow. 

Triglyceride21 : Triglyceride was determined by a slight modification of the 
method of Van Handel and Zilversmit~ Namely, aliquots of the chloroform
methanol extract were saponified, the resultant glycerol was oxidized to form 
aldehyde, and the form aldehyde was estimated colorimetrically with chromo
tropic acid. 

Separations of subcellular particles : 
Mitochondria, microsomes, and supernatants were fractionated by the 

methods of Schneider22>. Beckman Model L 4 Ultra centrifuge was used. One 
g of liver was homogenized in 9 ml of ice cold 0.25 M isotonic sucrose ( 8.5 g 
of sucrose per 100 ml of solution). Ten ml of homogenate were centrifuged 
for 10 minutes at 600 g to sediment the nuclei. The supernatant was centri
fuged for 10 minutes at 10,000 g to sediment the mitochondria. The mito
chondria were washed twice by resuspension in 2.5 ml of isotonic sucrose and 
recentrifugation at 10,000 g for 10 minutes. The washed mitochondria were 
labeled the mitochondrial fraction. The supernatant and washings from the 
mitochondrial fraction were combined and centrifuged for 60 mirutes at 100,000 
g to sediment the microsomes. The microsomes were washed once by resus
pension in 2.5 ml of isotonic sucrose and recentrifugation at 100,000 g for 60 
minutes. The washed microsomes were labeled the microsomal fraction. The 
supernatant and washings from the microsomes were combined and labeled 
the supernatant. 

RESULTS 

1. Growth 
The average weights of rats and livers are listed in table 2. 
The growth was retarded or nearly stopped in the pyridoxine deficient 

sub-groups and the growth curves for pyridoxine supplemented sub-groups 
showed steady weight gain during all experimental weeks. In the group C iii 
sub-groups previously depleted of pyridoxine and EF A, the growth curve came 
to show a steady weight gain after supplementation with pyridoxine, 
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2. Effect of pyridoxine deficiency on the fatty acid composition of liver lipids 

(i) Basal diet group: Group A was fed a basal diet consisting of glucose 

64%, vitamin free casein 24%, cotton seed oil 10%, Me Collum's salt mixture 

4% and adequate vitamin mixture. The average weight of the livers was 4.4 

±0.4 g for the control group and 3.7 ±0.3 g for the pyridoxine deficient sub

group. Liver phospholipid (lipoid·p) was lower in the deficient sub· group (669 

pg/g) than in the corresponding pair-fed controls (907 pgjg). Liver triglyceride 

tended to be lower in the deficient sub-group (6.09 mgjg) than in the controls 

(7.30 mgjg) . The fatty acid composition of the total liver lipids for both 

control and pyridoxine deficient rats is shown in Table 3. Pyridoxine deficient 

rats tended to show a higher proportion of linoleate and a lower proportion of 

arachidonate in comparison with the control, but these increase (0.2<p<0.5) 

and decrease (0.1 <p <0.2) were statistically nonsignificant. The percentages 

of total saturated and mono-unsaturated fatty acids in the pyridoxine deficient 

sub-group were almost equal to those in the control group. The fatty acid 

compositions of liver phospholipid and triglyceride are shown in Table 4. In 

both control and pyridoxine deficient animals of phospholipid fraction, the 

poly-unsaturated fatty acids comprised 44 to 45% of the total fatty acids. 

Comparison of the phospholipid fraction in the two sub-groups of animals 

elucidated that the pyridoxine deficient animals indicated significantly higher 

proportion of linoleic acid (p<0.05) and significantly lower proportion of 

arachidonic acid (p<0.05). The percentages of saturated fatty acids were 

almost the same in both sub-groups of animals. The liver triglyceride fraction 

of the pyridoxine deficient sub-group had significantly higher proportion of (p 

<0.01) linoleic acid than the control group. Also, the deficient animals had 

lower proportions of (p <0.05) mono-unsaturated fatty acids (palmitoleic and 

oleic acids) in the phospholipid fraction. The percentages of arachidonic acid 

and saturated fatty acid showed the same figures in both sub-groups of animals. 

TABLE 3. Effect of pyridoxine deficiency on the fatty acid 

spectrum of liver lipids (basal diet) 
====;;==== 

I pyridoxine deficient\ control 
__________ f_at_t_y_a_c_id--------~~--~<~%~)------~--- (~%~0 ~) __ __ 

12 : 0 
14 : 0 
16 : 0 
16 : 1 
18 : 0 
18 : 1 
18 : 2 
18 : 3 
20 : 4 

more longers 

Saturated fatty acid 
Mono-unsaturated fatty acid 
Poly-unsaturated fatty acid 

(mean ± S.D,) 

0.2 ± 0.1 0.3±0.1 
0.6 ± 0.2 0.4±0.1 

24.8 ± 1.2 23.2+2.3 
2.8 ± 0.4 2.7 ± 0.2 

19.1 ± 3.1 20.0 ± 2.1 
18.5± 2:1 17.1 ± 1.7 
16.5± 2.4 14.8±0.8 
0.5 + 0.3 0.3±0.1 

16.6±1.9 20.0±3.7 
1.9± 0.2 3.7±1.0 

44.7 
21.3 
35.5 

43.9 
18.8 
38.8 
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TABLE 4. Effect of pyridoxine deficiency (7 wks) on the fatty acid 
spectrum of the liver lipid fractions (basal diet ) 

= === === I Triglyceride I Phospholipid 
Fatty acid -PyridoXine-~ ~Control Pyridoxine I Control 

deficient (%) ( % ) deficient (%) (%) 0 0 
-~ 

14 : 0 
16 : 0 
16 : 1 
18 : 0 
18 : 1 
18 : 2 
18 : 3 
20 : 4 

Saturated 
Mono-unsaturated 
Poly-unsaturated 

(mean ± S.D. ) 

I 

I 
1.8± 0.7 

36.0±2.8 
1.4± 0.7 
7.8±2.4 

20.4±1.7 
29.9± 4.0 
0.3± 0.1 
2.6± 1.1 

45.6 
21.8 
32.8 

average liver weight (g) 

No. of rats 

2.0±0.6 
36.2±1.4 
3.0±0.8 
8.1 ± 1.6 

24.7±2.3 
23.6±2.6 

N.D. 
2.3±1.0 

46.3 
27.7 
25.9 

control 

0.2±0.3 
22.5± 1.7 
0.4±0.1 

27.0± 0.9 
5.5± 0.6 

20.4 ± 1.5 
N.D. 

24.0± 2.3 

49.7 
5.9 

44.4 

pyridoxine deficient 
contr ol 
pyridoxine deficient 

0.2± 0.1 
21.1 ± 1.5 
0.5± 0.2 

27.6± 0.7 
5.6±0.6 

17.1± 0.6 
N.D. 

27.9 ± 2.2 

48.9 
6.1 

45.0 

4.4±0.4 
3.7± 0.3 

7 
7 

(ii) Hardening oil group: Group B was fed a hardening oil diet containing 
10% hardening oil instead of cotton seed oil. So the rats of this group B ex
hibited in EF A deficiency at the end of the experiment. The average weight 
of the livers for the control was 4.4 ± 0.4 g and 3.0 ± 0.3 g for the pyridoxine 
deficient sub-group. Liver phospholipid tended to be lower in the deficient 
sub-groups than in the corresponding pair-fed control. Liver triglyceride was 
significantly lower (p < 0.001) in the deficient sub-group. The fatty acid com
position of the total liver lipids for both control and pyridoxine deficient rats 
is shown in Table 5. Comparison of the total liver lipids in the two sub-group 
of animals indicated higher proportion of arachidonic acid. Also, the deficient 

TABLE 5. Effect of pyridoxine deficiency ( 6 w ks) on the total 
fatty acids of liver lipids (hardening oil diet ) 

Fatty a cid \P yridoxine-deficient\ Controls 
rats (%) (% ) 

12 0 0.8± 0.7 0.5+ 0.2 
14 0 0.4± 0.1 0.6± 0.1 
16 0 20.7± 1.5 19.9 ± 1.6 
16 1 3.7±0.7 4.4±0.8 
18 0 23.2±2.5 22.4 ± 1.3 
18 1 28.6±0.7 31.4± 1.9 
18 2 2.5± 0.5 1.4± 0.7 
20 '> 

•) 11.1± 2.0 12.8± 1.8 
20 : 4 11.0± 0.7 6.9± 1.3 

22 Carbons a nd longer 2.2± 0.1 2.0± 0.2 

Saturated 45.1 43.4 
Mono-unsaturated 32.3 35.8 
Poly-unsaturated 26.8 23.1 

( mean± S.D.) 
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TABLE 6. Effect of Pyridoxine deficiency ( 6 wks) on the fatty acids 
of liver phospholipids (hardening oil diet) 

Fatty acid I Pyridoxine-deficient[ Controls 
rats (%) (%) 

12 0 0.3 ± 0.2 0.1 ± 0.2 
14 0 0.4 ± 0.1 0.2 ± 0.1 
16 0 18.9± 1.7 16.6± 1.3 
16 1 3.9± 0.4 3.5 ± 0.8 
18 0 25.6 ± 2.0 26.2 ± 2.3 
18 1 25.2 ± 1.7 24.3 ± 1.7 
18 2 2.3 ± 0.5 1.9± 1.1 
20 3 10.9 ± 1.3 17.7± 3.1 
20 : 4 12.2± 1.8 8.6 ± 0.6 

22 Carbons and longer 1.8± 0.4 2.0 ± 0.1 

Saturated 45.2 43.1 
Mono-unsaturated 29.1 27.8 
Poly-unsaturated 27.2 30.2 

(mean± S.D.) 
Tissue lipoid-p 618 (flg/g) 700 (flgf g) 

( Hoeflmayr and Fried) 

animals had higher proportion of (p <0.01) linoleic and lower proportion of 

(p<O.Ol) oleic acid than the control group. Eicosatrienoic acid (20: 3 w 9), 

characteristic of EF A deficiency23>, tended to be lower, but the decrease was 

statistically not significant in the deficient group. The percentage of saturated 

fatty acid was almost the same in both sub-groups of animals. The phospho

lipid fraction (Table 6) of the pyridoxine deficient group showed higher per

centage of arachidonic acid and lower percentage of (p<0.001) eicosatrienoic 

acid when compared with the control group. Also the proportion of palmitic 

acid was significantly higher (p<0.02) in the deficient group. The percentage 

of mono-unsaturated fatty acid was the same in both sub-groups of animals. 

TABLE 7. Effect of pyridoxine deficiency (6 wks) on the fatty acids 
of liver triglycerides (hardening oil diet) 

Fatty acid 

12 0 
14 0 
16 0 
16 1 
18 0 
18 1 
18 2 
20 3 
20 : 4 

22 Carbons and longer 

Saturated 
Mono-unsaturated 
Poly-unsaturated 

( mean ± S.D.) 
Tissue triglyceride 

I Pyridoxine-deficie:nt i' 
rats (%) 

0.2 ± 0.1 
1.0± 0.2 

28.9 ± 1.3 
4.5 ± 0.9 
6.8 ± 2.2 

53.9 ± 3.3 
1.2± 0.6 
2.2 ± 0.5 
1.2± 0.9 
trace 

36.9 
58.4 
4.6 

2.44 mg/ g 
(Va>:L Handel and Zilversmit) 

Controls 
(%) 

0.3±0.1 
0.9 ± 0.3 

28.8 ± 2.0 
5.3 ± 0.9 
5.9 ± 1.6 

56.2 ± 3.6 
0.7 ± 0.4 
1.2± 0.4 
0.3 ± 0.2 
trace 

35.9 
61.5 
2.2 

5.38 mg/g 
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The proportion of poly-unsaturated fatty acids remained relatively unchanged 
since the higher arachidonate values were counteracted by the lower eico
satrienoate. 

The fatty acid composition of liver triglyceride is shown in Table 7. 
Oleate tended to be lower, but the decrease was nonsignificant (0.2 <p<0.5) in 
the deficient sub-group. 

In cholesterol esters (Table 8), the proportion of oleate was significantly 
lower (p<0.05) in the deficient sub-group. 

-

TABLE 8. Effect of pyridoxine deficiency ( 6 wks) on the fatty acids 
of the liver cholesterol esters (hardening oil diet) 

Fatty acids 

12 : 0 
14 : 0 
16 : 0 
16 : 1 
18 : 0 
18 : 1 
18 : 2 
20 : 3 
20 : 4 . 

Saturated 
Mono-unsaturated 
Poly-unsaturated 

(mean± S.D.) 

I Pyridoxine-deficient! 
rats(%) 

1.4± 0 
2.7± 1.2 

41.4± 7.3 
5.8± 1.5 

14.1± 3.1 
29.3±5.8 

2.0 ± 1.7 
1.8± 1.0 
2.5 ± 1.5 

59.6 

I 
35.1 
6.3 

Controls 
( %) 

1.9± 0.6 
1.9±0.9 

39.8± 7.5 
7.2± 1.5 

11.2± 2.7 
35.6±4.8 
1.0±0.2 
2.0 ± 0.8 
1.0± 0.4 

54.8 
42.8 
4.0 

(iii) Recovery experiment: This group C was also fed a hardening oil diet. 
After given the deficient diet for 8 weeks, in the (iii) sub-group, the diet was 
switched from the deficient to the supplemented control. Average weight of 
the livers was 3.2 g for the pyridoxine deficient sub-group (i), 7.8 g for the 
recovery sub-group (iii) and 8.1 g for the control group (ii). 

The fatty acid compositions of liver total lipid and phospholipid are shown 
in Table 9. Comparison of the total liver lipid indicated that the proportion 
of fatty acids in the recovery sub-group (iii) became similar to that in the 
control group (ii). In the recovery su.b-group (iii) the percentage of arachi
donic acid decreased to 3.3% while the percentage of oleate increased to 35.8%. 
Comparison of the phospholipid fraction also revealed that the proportion of 
fatty acids in the recovery sub-group became nearly the same as that in the 
control group. Therefore in the recovery sub-group (iii), the decrease in the 
percentage of arachidonate was accompanied by an equivalent increase in that 
of eicosatrienoate. The proportion of oleate increased too. 

Comparison of the total fat in the deficient and the control sub-groups for 
10 weeks indicated higher concentration of arachidonate and lower concentration 
of eicosatrienoate in the pyridoxine deficient sub-groups. The phospholipid 
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12 0 
H 0 
16 0 
16 1 
18 0 
18 1 
18 2 
18 3 
20 : 3 
20 : 4 

longers 

fraction 

Y.SATO 

TABLE 9. Changes in the fatty acid composition of liver total fat 

and phospholipid of rats fed hardening oil 
- -

I total fat ( %) 

BG ( - ) 10 w[!Bs( (J)8tw[ control 

II phospholipid (%) 
B 10 I Bs ( - ) 8 w I 
s(-) w i--->BG(+)2w 

ND. N.D. 0.6 

II 

0.1 1.1 
0.9 0.4 0.8 0.3 0.3 

20.9 25.4 23.1 17.6 20.4 
4.5 5.0 5.4 

II 

3.9 4.5 
21.6 16.8 17.3 24.6 23.7 
29.4 35.8 37.0 22.3 27.0 

1.2 2.7 1.2 1.6 1.6 
N.D. N.D. N.D. II N.D. N.D. 
12.7 10.5 11.2 

II 

14.9 16.6 
8.9 3.3 3.1 9.5 4.5 

N.D. 0.9 0.7 5.5 2.1 

control 

0.4 
0.4 

17.8 
3.7 

23.9 
26.2 

1.3 
N.D. 
18.4 

5.7 
1.9 

-----~-~~---~ 

of the pyridoxine deficient sub-group for 10 weeks showed higher 

percentage of arachidonate and lower percentage of eicosatrienoate when com

pared with the control group. These changes showed patterns similar to those 

of pyridoxine deficiency for 7 weeks. 
Comparison of the total fat and phospholipid fraction in the pyridoxine 

deficient sub-groups for 6 weeks (group B) and 10 weeks (group C) indicated 

that proportion of arachidonate decreased and equivalently proportion of eico

satrienoate increase in the last 4 weeks of depletion. 

3. Sequential changes in liver lipids after giving cotton-seed oil diets to rats 
previously fed hardening oil diets for 6 weeks 

Tables 10 and 11 and Fig. 1 show the time course of changes in the fatty 

acid composition of liver total fat of rats fed cotton-seed oil after 6 weeks on 

hardening oil (group D). Zero time values are for rats fed a hardening oil 

diet before transfer to cotton-seed oil diet. Lipids from the rats fed the harden

ing oil diet were low in the concentrations of linoleic and arachidonic acids, 

and high in the concentrations of palmitoleic, oleic and eicosatrienoic acids in 

TABLE 10. Changes in the fatty acid composition of liver total fat 

of rats fed cotton seed oil after 6 weeks on hardening oil (Control) 

0 [112 day[ 1 day I 2 day [ 3 day [ 6 day [6 month 

5% 0.6% 
4 1.0 
4 33.5 

I 
12 : 0 0.5%1 0.5% 0.4% 0.2% 0.2% 0. 
14 : 0 0.6 0.5 0.7 0.3 0.4 0. 
16 : 0 19.9 . 23.3 24.1 19.2 20.5 22. 
16 : 1 4.4 3.7 3.9 1.8 1.9 1. 3 2.2 
18 : 0 22.-i 19.0 19.2 27.9 22.6 24. 5 31.3 
18 : 1 31.4 25.3 26.6 16.9 18.2 I 14. 2 12.2 
18 : 2 1.4 7.9 7.1 9.1 9.1 13. 8 18.7 
18 : 3 N.D. 0.2 N.D. N.D. N.D. 0 .. 5 0.2 

3 N.D: 
9 33.0 
3 :::.2 

20 : 3 12.8 9.7 

I 
3.7 2.9 2.2 0. 

20 : 4 6.9 8.1 11.1 20.7 19.0 18. 
longer N.D. 3.5 5.6 1.3 10.3 3. 
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both control and pyridoxine deficient rats. Comparison of the total fat in the 
two sub-groups of animals indicated that the concentration of linoleate in
crease more rapidly in the pyridoxine deficient sub-group than in the control 

TABLE 11. Changes in the fatty acid composition of liver total fat 
of rats fed cotton seed oil after 6 weeks on 

hardening oil (Pyridoxine deficient) 

0 11/2 dayl 1 day I 2 day I 3 day I 6 day 16 month 
--~------·---·--~-

' I I 
12 : 0 0.8% 0.8% N.D. OA% O.fi%i 0.6% 0.6% 
14 : 0 0.4 0.6 0.5% 0.5 0.4 I 0.5 0.7 
16 : 0 20.7 23.6 21.9 21.6 21.0 I 20.2 32.2 
16 : 1 3.7 3.7 3.9 1.6 1.5 I 0.8 2.7 
18 : 0 23.2 16.5 

I 
20.4 28.4 

I 

23.7 I 27.0 24.6 
18 : 1 28.6 24.9 22.2 13.3 14.4 8.3 18.7 
18 : 2 2.5 11.4 I 9.8 11.7 14.1 15.1 28.4 
18 : 3 N.D. 0.5 I N.D. N.D. 

I 
0.4 0.3 0.7 

20 : 3 
! 

11.1 4.3 4.0 2.0 1.9 0.2 N.D. 
20 : 4 I 11.0 8.8 11.7 17.8 I 20.5 23.0 15.2 

I longer I 2.2 I 5.3 8.9 0.9 I 4.0 I 3.4 I 4.1 

20 

10 

I 

.. 

16:2 _ _., 

, .............. .... ,•' 
.. •' , . 

•' 
, ,. / 

t • • • • • • • • • 
l • • • 

_)\ 

I ,• 

\ /' PyridOlCine defic.ienl: 

" control 

'-

~~~----~----~~~~ 
0 ~ I 2 3 6 day &month 

FIG. 1. Changes in the fatty acid composition of 
liver total fat of rats fed cotton seed oil after 6 weeks 
on hardening oil. 
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group. The rates of increase of arachidonate and decrease of linoleate in the 

control and the pyridoxine deficient sub-group showed no significant difference 

during this experiment. 
Tables 12 and 13 and Fig. 2 show the time course of changes in the fatty 

acid composition of liver phospholipid of rats fed cotton-seed oil after 6 weeks 

on a hardening oil diet. Zero time values are for rats fed hardening oil diets 

before transfer to cotton-seed oil diets. During the supplementation, we found 

that arachidonate level increased gradually, to values of 26-30%, while eico

satrienoate decreased to 0% in both control and pyridoxine deficient subgroups. 

Also the proportion of Iinoleate increased and the proportions of palmitoleate 

and oleate decreased. In both sub-groups little changes occurred in the pro

portions of other fatty acids. With the pyridoxine deficient rats, the proportion 

of arachidonate increased to 11.7% after 2 days, a significantly smaller rise 

than in the control rats (17.6%). In the pyridoxine deficient sub-group the 

percentage of Iinoleate increased more rapidly (12.3% after 2 days) than in the 

control group (8.3% after 2 days). The percentage of eicosatrienoate declined 

more rapidly in the control group than in the deficient sub-group. Thus, we 

TABLE 12. Changes in the fatty acid composition of liver phospholipid 

of rats fed cotton seed oil after 6 weeks on hardening oil (Control) 

0 \1/2 day\ 1 day I 2 day I 3 day \6 day \6 month 
-· I 

12 : 0 0.1,%' 0.2,%' 0.1% 0.1,%'1 0.1%1 0.1%1 0.1% 
14 : 0 0.2 0.3 0.2 0.1 0.2 0.1 0.1 
16 : 0 16.6 18.5 17.0 14.7 18.9 17.0 20.4 
16 : 1 3.5 3.2 2.2 1.4 1.3 1.0 0.7 
18 : 0 26.2 26.7 28.6 28.1 28.1 29.7 80.3 
18 : 1 24.3 16.6 13.3 12.4 13.2 6.9 5.4 
18 : 2 1.9 7.6 7.9 8.3 9.6 10.8 13.1 
18 : 3 N.D. 0.3 0.4 0.5 0.4 0.2 0.3 
20 : 3 17.7 12.2 6.1 3.4 1.8 0.4 N.D. 
20 : 4 8.6 11.2 16.3 26.2 26.7 28.9 29.8 
longer 

I 
2.0 3.9 6.0 5.2 6.5 7.3 2.2 

I 

TABLE 13. Changes in the fatty acid composition of liver phospholipid 

of rats fed cotton seed oil after 6 weeks on 

hardening oil (Pyridoxine deficient) 

0 11/ 2 day\ 1 day I 2 day I 3 day I 6 day \6 month 
-----------------------~--------------

12 : 0 0.3% N.D. 0.3,%'1 0.1,%' 0.3% 0.1% 0.2,%' 
14 : 0 0.4 0.3% 0.2 0.2 0.4 0.2 0.3 
16 : 0 18.9 19.0 17.8 15.6 18.7 16.7 19.5 
16 : 1 3.9 2.3 3.1 1.6 1.5 0.7 0.6 
18 : 0 25.6 26.1 24.6 31.4 26.7 31.4 28.7 
18 : 1 25.2 17.1 15.7 10.3 10.7 6.4 6.0 
18 : 2 2.3 9.7 12.8 12.3 12.3 14.5 17.7 
18 : 3 N.D. N.D. 1.2 0.6 0.5 N.D. N.D. 
20 : :~ 10.9 8.0 5.1 2.7 1.9 0.4 

I 
N.D. 

20 : 4 12.2 13.4 15.5 

I 
23.9 24.3 27.0 25.7 

longer 1.8 4.4 7.5 2.6 4.0 3.5 4.2 
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fO 
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,, ............. -

Pyridoxine deficient 

control 
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O}tl 2 3 6 day b month 

FIG. 2. Changes in the fatty acid composition of 
liver phospholipid of rats fed cotton seed oil after 6 
weeks on hardening oil. 

found significant differences between the pyridoxine deficient sub-group and the 
control group in the time course of changes of the three poly-unsaturated 
fatty acids contents of rat livers. 

In the triglyceride and cholesterol ester fractions no definite tendency was 
seen. 

4. Changes in the fatty acid composition of liver phospholipid of rats ; ed 
r-linolenate after 2 weeks on a fat free diet 

A fat free diet with and without pyridoxine ( 60 .ug/ day / rat) was fed to 
rats for 2 weeks before feeding 100 mg r-linolenate (77% pure by gas liquid 
chromatography) daily for two days (group E). As was mentioned in previous 
experiments with pyridoxine deficient and control groups, the most notable 
differences appeared in the phospholipid fatty acids, quantitatively the most 
important fraction5' (50- 80% of total liver lipid). Accordingly, only the fatty 
acid composition of liver lipids was analysed this time in the phospholipid 
fraction. 
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TABLE 14. Changes in the fatty acid composition of liver phospholipid 

of rats fed r-linolenate after fat free diet 

12 0 
14 0 
16 0 
16 1 
18 0 
18 1 
18 2 
18 : 3 
(oil 6. 9.12) 
20 : 3 
:::o : 4 
longer 

liver weight 

(mean ± S.D.) 

I Control ( ?{l I Pyridoxine deficient (% 1 

fat free diet I fed fat free diet I fed 
r -linolenate r-linolenate 

I 
0.1 ± 0.05 0.1 ± 0.04 0.3 ± 0.05 I 0.2 ± 0.04 

I 0.3 ± 0.1 0.2± 0.1 0.3 ± 0.1 0.2 ± 0.1 
19.0± 0.8 19.3 ± 1.2 20.2 ± 0.8 20.9 ± 2.2 
4.6±0.5 3.9 ± 0.5 4.5±0.4 4.1±1.1 

32.0 ± 1.4 32.4 ± 1.7 29.0±0.6 32.7± 3.4 
21.5 ± 2.2 17.9 ± 1.2 20.4 ± 2.1 18.2 ± 1.9 

3.0± 0.5 1.4± 0.3 3.1 ± 0.4 2.2 ± 0.5 

N.D. 0.2 ± 0.1 0.1 0.2 ± 0.1 

11.1 ± 1.6 3.1±0.7 5.6 ± 0.4 3.6± 1.7 
8.3 ± 0.7 20.0 ±2.6 12.9 ± 0.5 18.3 ± 3.4 
0.2 ± 0.1 3.1 3.7±2.7 1.9 

4.5 ± 0.6 g 1 5.1±0.6 g 1 2.7± 0.9 g 1 3.5± 0.7 g 

Data obtained on the fatty acid composition of liver phospholipid of the 

control and the pyridoxine deficient rats fed r-linolenate are shown in Table 

14. Before treatment with r-linolenate, the pyridoxine deficient group showed 

a higher proportion of arachidonate and significantly lower proportion of eico

satrienoate (p < 0.02) , when compared with the control group. So the decrease 

in the concentration of arachidonate was accompanied by an equivalent increase 

in the concentration of eicosatrienoate, typical of EF A deficiency231 • The same 

pattern of changes in fatty acid composition has been seen when EF A deficiency 

tat free diet : 

control 

pyri dox;ne 
defiCient 

rb:o r6:1 
-Jed J: linolenate: 

control 

PyridOXIne 
deficient 

IB: 0 18: I 

~-----------------.~ro~----------------~too·* 

FIG. 3. Changes in the fatty acid composition of liver 

phospholipid of rats fed r-linolenate after fat free diet. 
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was produced by feeding a hardening oil diet (see group B and C). After 2 
days of r·linolenate treatment, the percentage of eicosatrienoate decreased in 
both pyridoxine deficient and control sub-groups. In livers of the two sub· 
groups, comparison of the phospholipid fractions indicated that there were no 
significant differences in the proportions of the fatty acids (Fig. 3) . As shown 
in Fig. 4, the proportion of arachidonate increased from 155% to 220% after 
two days- a smaller rise in the pyridoxine deficient sub-groups than in the 
control group with a rise from 100% to 240 % (in this figure the proportion 
of individual fatty acid is given in %). In the pyridoxine deficient sub-group 
the proportion of eicosatrienoate decreased from 50.5% to 32.4%-a diminution 
smaller than in the control group, from lOO J'o to 27.9%. Therefore, the in· 
crease in ratio of the percentage of arachidonate and the decrease in ratio of 
the percentage of eicosatrienoate were slower in the pyridoxine deficient sub· 
group than in the control group. 

20 : 4 20 : 3 
% 

I -2 • 

-I 

~ 0 1 0 .... - -~ .s: 
~ :t -;:: ..... 

-..:. <1:1 .:... ......... ......_____.. 
~ 

c.onttol Bo def;w!nt tontrol Bodefit;ent 
F IG. 4. Changes in the fatty acid composition of liver 

phospholipid of rats fed r -lin olenate. 

5. Effect of pyridoxine deficiency on the fatty acid composition of liver sub· 
cellular particles 

The fatty acid composition of liver subcellular particles for both pyridoxine 
deficient and control rats is shown in Table 15. 
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TABLE 15. Effect of pyridoxine deficiency on the fatty acid 

spectrum of liver cellular particles 

I 
mitochondria -

Pyridoxine [ C t 1 
deficient on ro 

I 
microsome 

Pyridoxine I C t 1 
deficient on ro 

12 : 0 0.5 ± 0.3% 0.8 ± 0.4% 1 0.4 ± 0.1%1 0.4±0.1% 
14 : 0 1.7± 1.2 0.5 ± 0.3 0.4 ± 0.1 0.3±0.2 
16 : 0 25.8 ± 3.9 23.4 ± 1.7 21.6 ± 1.3 i 20.5 ± 0.9 
16 : 1 2.9 ± 1.2 2.8 ± 0.5 2.2 ± 0.5 . 1.9±0.3 
18 : 0 20.9 ± 1.9 21.3 ± 1.2 23.5 ± 1.7 24.9 ± 1.5 
18 : 1 15.9± 3.0 14.4 ± 2.0 13.3± 1.9 13.7± 1.7 
18 : 2 14.0 ± 1.8 14.6± 1.8 11.7± 1.8 10.8± 0.9 
18 : 3 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.4 ± 0.3 
20 : 4 17.6 ± 2.6 22.0 ± 1.3 25.4 ± 2.3 25.9 ± 1.8 
longer 3.0 ± 0.9 4.5± 1.0 2.7± 0.6 2.7± 0.1 

saturated I 48.9 46.0 I 45.9 
I 

46.1 
fatty acid 

monouo<;a<=otod I 18.8 17.2 I 15.5 

I 
15.6 

fatty acid I 
polyunsaturated I 

fatty acid 35.0 41.4 
I 

40.1 
I 

39.8 

-

I 
supernatant 

-Pyrid?xine I Control 
defictent 

2.1 ± 1.2% 3.1 ± 2.3% 
1.5± 0.7 1.6± 0.9 

35.8 ± 5.3 36.4 ± 6.5 
5.2 ± 0.7 4.1 ± 1.3 
6.5 ± 1.6 6.0 ± 1.7 

24.0 ± 3.6 25.9 ± 6.3 
17.5± 3.7 17.2 ± 3.9 

I 

1.0± 0.6 0.7± 0.2 
5.4 ± 1.6 4.0 ± 1.7 
1.5± 1.0 1.6± 0.4 

4.5.9 47.1 

29.2 30.0 

25.4 23.5 

(i) Mitochondria: Composition of the mitochondrial fraction in the two sub

groups of animals indicated a significant lower concentration of arachidonic 

acid (p <0.05) in the pyridoxine deficient animals. The proportions of poly

unsaturated fatty acids were lower and the proportions of saturated fatty acids 

higher in the pyridoxine deficient group when compared with the control group. 

(ii) Microsomes: The percentage of linoleate tended to be higher but the 

increase was statistically not significant (0.2<p<0,5) in the pyridoxine deficient 

animals. The percentages of saturated, monounsaturated and polyunsaturaterl 

fatty acids in the pyridoxine deficient group were almost equal to those in the 

control group. 

(iii) Supernatant: In the supernatant fraction no significant difference was 

found between the proportions of fatty acids in the pyridoxine deficient and 

the control animals. 

DISCUSSION 

The liver has been regarded as the important site of lipogenesis, though 

proof of the synthesis of fatty acids by adipose tissue, mammary gland, in

testine, lung and other organs has been presented24>. It is now generally assumed 

that two different enzyme systems play a role during fatty acid synthesis in 

the rat. A distinction can be made between synthesis de novo whereby mainly 

palmitic acid is formed from low-molecular-weight precursors and enzymic 

chain elongation during which fatty acids already present are converted, e.g. 

palmitic acid to stearic acid and linoleic acid to arachidonic acid. During syn

thesis de novo 1 mole of palmitic acid is formed from 1 mole of acetyl CoA 
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and 7 moles of malonyl-CoA25> _ 
The mechanism of fatty acid synthesis de novo is as follows: ATP+HCOs~ 

+Acetyl-CoA:;::':ADP+Po+Malonyl CoA (Biotin enzyme) 
COOH 
I 

CHs- (CHz-CHz)n-CO-SCoA+CHz-CoSCoA+2TPNH+ 2H+ --+ CHs- (CHz 
-CHzln+l-COSCoA+C0z+ HSCoA+2TPN++HzO. The latter reaction is sepa
rated to 6 steps and fatty acid synthesis is acco:nplished through the repetition 
of a cycle of 6 consecutive reactions26> _ Fatty acid synthetase catalyzes an 
orderly and progressive sequence of reactions. This fatty acid synthetase is 
localized in the supernatant and is distributed in the liver, brain, adipose 
tissue and lactating mammary gland26>. 

On the other hand, the enzymic chain elongation of fatty acid has been 
shown to take place in the microsomal fraction of the liver27>. The fatty acid 
chain is elongated starting from the corresponding acyl-CoA with the aid of 
malonyl-CoA and NADPH. During chain elongation 13-ketoacyl-CoA, 13-hydroxy 
acyl-CoA and trans-a, 13-enoyl-CoA occur succesively as intermediates. This 
enzymic chain elongation can clearly be distinguished from synthesis de novo 
in the supernatant and from a proposed reversal of the mitochondorial 13-oxi
dation. 

The synthesis of the monounsaturated fatty acid is also an oxygenase re
action requiring molecular oxygen and DPNH and TPNH. The site of the 
reaction has been localized to the microsomes28>. 

Nutritional experiments with rats and chicks have established the overall 
pattern of reactions in the formation of polyunsaturated fatty acids. Linoleate 
(18: 2 w 6), linolenate (18: 3 w 3), oleate (18: 1 w 9) and palmitoleate (16: 1 w 7), 
each serve as the initial unsaturated precursor for an independent family of 
polyunsaturated fatty acids and these fatty acids can undergo either chain 
lengthening or dehydrogenation, and either reaction can proceed first29>. Lino
leic, for example, is converted to arachidonate (20: 4 w 6) through either of two 
pathways, (a) an initial dehydrogenation to 18 : 3 w 6, followed by elongation to 
20: 3 w 630>, or (b) an initial elongation to 20: 2 w 6, followed by dehydrogen
ation31>. Recent studies by Davis and Coniglio32> indicated that 22 : 4 w 6 and 
22 : 5 w 6 were continueing members of this biosynthetic sequence. Although 
there is no direct cross-over in the metabolism between the four families of 
fatty acids33>, both feeding (in vivo) 34> and enzymatic 35>"37> (in vitro) studies 
suggest that competitive relationship, at the enzyme level, is important in re
gulating the type of polyunsaturated fatty acid found in tissue lipids. Nutri
tional experiments by Holman34> showed that linoleate inhibited the conversion 
of oleate to 20 : 3 w 9 and likewise, that conversion of linoleate to arachidonate 
was inhibited by feeding oleate or linolenate and that in addition to the meta
bolic competitions between unsaturated fatty acids, dietary saturated fatty acid 
likewise exerted influences upon the polyunsaturated acids of tissues. Con-



122 Y. SATO 

sequently, it was postulated that the metabolic conversions of polyunsaturated 

acids were dependent not only upon the concentrations of the various precursors, 

but also upon the concentrations of other families of polyunsaturated acids 

which acted as competitive inhibitors, so the concept of balanced diet must 

include a consideration of balanced concentrations of several polyunsaturated, 

monounsaturated and saturated fatty acids. On the other hand, Majima38' 

from his nutritional experiments using a spectrophotometer stated that: 1) 

Even if rats were fed on a fat deficier t diet or starved, there hardly occured 

decreases of linolenic and arachidonic acids, despite the decreases of linoleic 

acid in phospholipid; 2) Under the existence of pyridoxine and linoleate, lino

leic and arachidonic acids changed into each other in phospholipid. In pyri

doxine deficiency, linoleic acid failed to change into arachidonic acid, but 

arachidonic acid was changed into linoleic acid; 3) From these results, he 

proposed that arachidonic acid was metabolized to linoleic acid in phospho

lipid of albino rats, and suggested a possibility of a cycle formation between 

these two acids. However, in Sprecher's experiments29' on the metabolism of 

arachidonate and 7, 10, 13, 16 docosatetraenoate (22: 4 w 6) in rats, the 18 : 2 

content was greater in the fat deficient controls than in rats receiving 

arachidonate. This failure to increase linoleate after feeding arachidonate or 

22 : 4 confirms previous observations that there is little catabolism of 

arachidonte to linoleate. Stoffel and Schiefer39' also stated that there was no 

gross measurable conversion of arachidonate to linoleate· 

Brenner and Peluffo37' investigated the desaturation of 14C-labeled linoleate, 

linolenate, oleate, palmitate and stearate by liver microsomal preparation, 

under conditions where chain elongation or fatty acid oxidation was inhibited. 

The rates of conversion of oleate into octa-deca-6, 9-dienoate (18: 2 w 9), lino

leate into r-linolenate (18: 3 w 6) and linolenate into octadeca-6, 9, 12, 15-tetra

enoate (18: 4 w 3) were measured, and Lineweaver-Burk plots showed the 

existence of competitive reactions among the three acids in agreement with 

the suggestions made from nutritional experiments with rats. Saturated acids 

were ineffective in altering the percentage of desaturation of the acids, whereas 

polyunsaturated acids of 20 and 22 carbon atoms generally activated the con

version of the three acids. Docosahexaenoate (22 : 6 w 3) decreased the per

centage of desaturation of oleate, linoleate and linolenate. The unsaturated 

acids of 18 carbons apparently competed for the same oxygenase. Mohrhauer 

et al! 0' studied the chain elongation of linoleate (18 : 2 w 6 to 20: 2 w 6) and 

found that this reaction also was inhibited in vitro by other fatty accids. This 

reaction was studied again with liver microsomal preparations from rats fed 

fat free diets. Microsomes, malonyl CoA, NADPH, ATP, MgClz and linoleate-

114C, with or without inhibitor fatty acids, were incubated in buffer in an 

anaerobic atmosphere. The anaerobic combinations prevented the oxidative 

desaturation of the fatty acids. Oxidation of fatty acids was minimized also 
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by adding KCN and KF to the incubation system. When the liver microsomes 
were incubated with 14C-linoleate, appreciable radioactivity was found only in 
linoleate itself and 20: 2 OJ 6, the first product of chain elongation. When the 
incubation was made in oxygen, dehydrogenation as well as chain lengthening 
occurred. The products isolated showed that the following reactions all oc
curred: 18.: 20J6 to 18: 30J6; 18 :20J6 to 20: 20J6, 20: 20J6 to 20: 30J6 and to 
20: 40J6. Approximately 50 percent of the overall conversion was represented 
by chain lengthening. Mitochondria also catalyzed some elongation of 14C
linoleate, but this was only about 25 percent of that catalyzed by the micro
somal preparations. Thus the endoplasmic reticulum (microsomes) appears to 
be the major site of chain elongation. As mentioned above the elongation re
action was inhibited by a number of other saturated or unsaturated fatty acids. 
All the unsaturated fatty acids tested (carbon chains of 18, 20 or 22 carbons) 
were inhibitory. Though elongation of linoleate was inhibited by a large 
number of fatty acids, dehydrogenation was inhibited only by oleate, linolenate, 
and 22 : 6 OJ 3, which fact suggests that the substrate specificity of the enzyme 
system involved in dehydrogenation is greater than that of the elongation 
system. In addition, the amount of linolenate needed to inhibit the elongation 
system is much less than the amount required to inhibit the desaturation re
action. Consequently in the presence of fatty acids, such as occur in a living 
system, conversion of linoleate to arachidonate may proceed to a greater extent 
by dehydrogenation followed by chain elongation, than by an initial chain 
elongation, a reaction which appears much more sensitive toward inhibition. 

All of these in vitro studies provide comfirmation for the concept of meta
bolic competition among different families of unsaturated fatty acids, which 
was proposed from the results of the nutritional studies. In our hardening oil 
diet groups (Groups B, C and D) the conversion of linoleate to arachidonate 
(OJ6) was inhibited by different families of unsaturated fatty acids. Comparison 
of the fatty acid composition of liver phospholipid fraction betweeri hardening 
oil diet and fat free diet groups indicated that the level of oleate is elevated 
with a corresponding low level of stearate in hardening oil groups. Therefore, 
there is almost an identical meaning between the hardening o.il diet groups 
and fat free diet groups in regard to EF A deficiency. Gibson41> emphasized 
the variations in the activity of enzymes catalyzing the synthesis of long chain 
fatty acids from acetate or malonyl CoA in liver during periods of alloxan 
diabetes, starvation and lipid free alimentation. He indicated that in livers of 
animals maintained on a fat free diet, the levels of the enzymes directly 
catalyzing the synthesis of saturated fatty acids exceeded normal values 10-
fold, but in starvation and diabetes the synthetic activities were greatly de
pressed42>. His later studies showed that the capacity of the liver to synthesize 
long chain fatty acids was greatly enhanced during early linoleate deficiency 
in mice. The period of dietary restriction of linoleate was also accompanied 
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by a rapid fall in the relative linoleate content of the liver; by marked 

changes in the composition of the fatty acids in liver; and by an accumulation 

of liver triglyceride. 
Walker43' indicated that the fatty acid composition of liver lipids from the 

fat deficient rats was low in linoleate and arachidonate and high in palmitoleic 

and eicosatrienoic acids. In our observations (Tables 5-14 Figs. 1- 3), fatty acid 

composition of those animals maintained on the hardening oil diets (Groups B, 

C and D) and the fat free diet (Group E) agreeded with that reported by 

earlier investigators23'. The leveJ44l 45' of eicosatrienoate was elevated with a 

corresponding low level of linoleate and arachidonate. 
The trien to tetraene ratios, an index which has been used by Holman44' 

to indicate to what extent animals are deficient in essential fatty acids, are 

shown in Table 16. Mohrhauer and Holman23' suggested that a trien to tetraene 

ratio of 0.4 indicated that rats were normal in regard to essential fatty acid 

intake. In both hardening oil and fat free diets, the pyridoxine deficient groups 

had smaller trien to tetraene ratio than the control groups. The recovery 

group showed almost the same tendency as that of the control group. 
Two monoenes, the proportions of palmitoleate and oleate were elevated 

in the hardening oil groups and the fat free groups than in the basal diet 

groups. These changes are perhaps due to the fact that these two monoenes 

are the initial unsaturated precursors of all polyunsaturated fatty acid biosyn

thesis in animals receiving no essential fatty acids30'. Supplemental feeding 

with cotton-seed oil or r-linolenate resulted in a rapid increase in the concen

trations of linoleate and arachidonate, and decrease in the concentrations of 

TABLE 16. Trien to tetraen ratio of fatty acids 

a) ha rdening oil diet 

II~ 

1 

Pyridoxine deficient Control 
--.----------· ·- ··--·----- ---------~----~ 

~i~~'t<x ___ l_ 
b) recovery exporiment fed hardening oil diet 

total fat 
phospholipid 

c) fat free diet 

Pyridoxine 
deficient 

1.43 
1.57 

Control 

3.61 
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palmitoleate, oleate and eicosatrienoate in the liver phospholipids m both 
control and pyridoxine deficient rats (Tables 10-14, Figs. 1-4). In our basal 
diet experiments, the fatty acid compositions of the liver lipids of both control 
and pyridoxine deficient rats are given in Table 4. Comparison of the liver 
phospholipids in the two sub-groups animals indicated that there were signifi
cantly higher percentage of linoleic acid <P<0.05) and significantly lower per
centage of arachidonic acid (p < 0.05) in the pyridoxine deficient sub-groups, 
wheras in the hardening oil diet groups the phospholipid had higher proportion 
of arachidonic acid (P<0.001) and lower proportion of (p<0.001) eicosatrienoic 
acid in the pyridoxine deficient sub-group than in the control group. These 
data are in agreement with previous observations2>5>9>11>. The higher proportion 
of arachidonate in the pyridoxine deficient group in the hardening oil diets 
(Table 8) cannot be assumed to indicate a net gain of arachidonate45>. Ostwald 
et a/.46> indicated that the amount (mg per liver) of arachidonate remained es
sentially constant in both long-term pyridoxine and EF A deficiencies. The 
proportion, however, decreases because the amount (mg) of total phospholipid 
fatty acids increases as liver weight increases. The eicosatrienoate, typical of 
EF A deficiency, appears when the amount of arachidonate can no longer in
crease because of the lack of available linoleate. The velocity of gain of 
linoleate and arachidonate and the loss of eicosatrienoate are more rapid in 
the control groups than in the pyridoxine deficient groups (Figs. 1, 2, 4). 
These data are also identical with previous investigations4> 5>, and these changes 
occur in both supplementation with cotton-seed oil to hardening oil groups 
and r-linolenate to fat free diet groups. In Group E also the velocity of in
corporation of r-linolenate to arachidonate and loss of eicosatrienoate are more 
rapid in the control groups than in the deficient groups. In group E the 
percentage of the 18 : 2 was greater in the fat-deficient rats than in those rats 
receiving r-linolenate. The 18 : 2 in the rats receiving no essential fatty acids 
was probably a mixture of linoleate ( 18 : 2 co 6), 18 : 2 co 9 formed by desaturation 
of oleate and 18 : 2 co 7 formed from cis-vaccenate in a similar manner29>. 

Wise and Elwyn47> showed with the use of Serine 3 14C, that turn-over times 
for liver lipid serine, ethanolamine, and choline were respectively, 442, 127 
and 72 minutes; in small intestine they were 69 minutes for lipid serine and 
25 minutes for lipid ethanolamine. These results showed that rates of synthesis 
via the cytidine diphosphate pathway48> were an order of magnitude greater 
than the rates of other reactions involved in phosphatide synthesis. Our 
studies showed that feeding cotton-seed oil to the pyridoxine deficient animals 
resulted in rapid changes in the fatty acid composition of liver phospholipids. 
In the first 6 days, the concentrations of palmitoleate, oleate and eicosatrienoate 
decreased rapidly while the concentrations of linoleate and arachidonate in
creased rapidly in both control and pyridoxine deficient group, but the velocity 
of incorporation of linoleate and arachidonate into the liver phospholipid of 
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rats maintained with pyridoxine deficient diets was slower than that with 

pyridoxine supplemented diets. Walker43l investigated the ability of various 

tissues to incorporate essential fatty acids. Rats maintained with a diet de

ficient in essential fatty acids for 25 weeks were transferred to a diet contain

ing 10% corn oil. Result of feeding corn oil to the EFA deficient animals 

pointed out rapid changes in the fatty acid composition of liver lipids. During 

the first 6 days, the concentrations of oleate and eicosatrienoate decreased 

rapidly while the concentrations of linoleic and arachidonic acids increased 

rapidly. Oleic, arachidonic, palmitic, and palmitoleic acids approached the 

corn oil control levels by day of 15 of supplemental feeding. However, the 

level of linoleic acids remained slightly below the level in the control animals 

for a longer period. Similarly eicosatrienoate remained slightly elevated until 

the 29 day of supplemental feeding. Quite similar results were obtained in 

our present study except that the plateau concentrations reached somewhat 

sooner. Our results agreed with the faster phosphatide turn-over rates re

ported by Wise et al.47l. A difference in the velocity of incorporation of lino

leate and arachidonate into the liver phospholipid between the pyridoxine de

ficient and the control groups indicates that pyridoxine may play specific roles 

in phospholipid synthesis. The report of Haskell and Snell49l of decreased 

concentration of phytosphingosine in yeast grown in a pyridoxine deficient 

medium is pertinent. Goswami and Coniglio11l pointed out that the structure 

of phytosphingosine suggested that it, like sphingosine, might be formed through 

a pyridoxal-phosphate-dependent condensation of L-serine with a fatty acyl 

derivative. 
Takahashi and Fukazawa50l investigated the fatty acid changes in liver 

injury and concluded that arachidonate synthesis in liver phospholipid was 

reflected by the changes in the proportion of arachidonate in liver phospholipid 

fractions . It has been established in our experiments that pyridoxine deficiency 

produces a significant depression of arachidonate synthesis, from the signi

ficantly higher percentage of arachidonic acid in the liver phospholipid of the 

control rats than of the pyridoxine deficient rats, and faster increase of 

arachidonate percentage in the control rats than in the pyridoxine deficient 

rats after supplementation with cotton-seed oil (linoleate) and r-linolenate. 

It is suggested from these results that pyridoxine plays an important role in 

the essential fatty acid metabolism, especially in the conversion of r-linolenate 

to arachidonate, but this does not eliminate the possibility that these changes 

may be mediated through an essential but presently undefined intermediate 

role in the fatty acid metabolism of pyridoxine sensitive phospholipid. Further 

investigations should be performed at subcellular levels. 

SUMMARY AND CONCLUSION 

Jp ~m attempt to clarify a possible role of pyridoxine in the meta,bolism 
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of essential fatty acids, the influence of dietary pyridoxine on the fatty acid 
distribution in the livers of rats maintained with different kinds and conditions 
of dietary fats were investigated and the following results were obtained. 

1) In the liver phospholipid fraction of rats fed a basal diet, the proportion 
of linoleate was significantly higher, and the proportion of arachidonate signi
ficantly lower in the pyridoxine deficient group than in the pair fed control. 
In this diet group the fatty acid compositions of subcellular particles of the 
livers were also studied. The total fat of the mitochondrial fraction in the 
pyridoxine deficient group revealed significantly lower proportion of arachido
nate than in the control group. 

2) In the groups fed a hardening oil diet, the liver phospholipid fraction 
of the pyridoxine deficient group showed higher proportion of arachidonic 
acid and significantly lower proportion of eicosatrienoic acid when compared 
with the control group. Recovery experiments were carried out. 

3) Sequential changes in the liver lipids after giving cotton-seed oil diets 
to rats previously fed a hardening oil diet showed slower velocity of increase 
in arachidonate, slower velocity of decrease in eicosatrienoate and faster 
velocity of increase in linoleate in the pyridoxine deficient groups. 

4) After supplementation with r-linolenate to rats previously fed a fat free 
diet, there were also seen slower velocity of increase in arachidonate and 
slower velocity of decrease in eicosatrienoate. 

From these results it becomes evident that pyridoxine plays an important 
role in the essential fatty acid metabolism, especially in the conversion of r
linolenate to arachidonate. 
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