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V ITAMIN B6 is one of the B vitamins which are 
essential for  human nutrit ion. The require- 
ment of the vitamin for man is believed to be 

2-3 mg. per day (1). S t ruc tura l ly  related pyridine 
derivatives, pyridoxine, pyridoxal,  and pyridoxamine 
represent the members of the vitamin B6 group (Fig- 
ure 1). Pyridoxine is mainly found in plant tissue 
whereas pyridoxal and pyridoxamine are largely 
found in animal tissue (2). The existence of pyri- 
doxal 5-phosphate (3) and pyridoxamine 5-phosphate 
(4) in natural  sources has been proved;  the former 
phosphate is known as codecarboxylase, a eoenzyme 
form of vitamin B6, which is actively engaged in 
protein and amino acid metabolism. The various 
forms of vitamin B6 and its phosphates are biochemi- 
eally interconvertible (Figure  1). They are excreted 
from the body as such (5),  as 4-pyridoxic acid (5: 6), 
and as a complex of unknown structure  (7, 8). 
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l~IG. I. Biological interrelationship among the members of 
vitamin B6 and 4-pyridoxic acid. 

Vitamin B6 and Oxidation of Fats. Vitamin B6 is 
known to be unstable in the presence of oxidizing 
agents (9). B u r r  and Barnes have suggested that  
vitamin B~ might eventually be destroyed when it is 
brought into contact with oxidized or rancid fats 
(10). The 4-hydroxymethyl  group of the pyridoxine 
molecule is reactive, and pyridoxine is converted to 
pyridoxal upon mild t reatment  with manganese diox- 
ide or potassium permanganate (Figure  2) (11, 12). 
Fur the r  oxidation with the latter oxidizing agent 
leads to the formation of 4-pyridoxic acid, which is 
lacking in vitamin act ivi ty and constitutes the main 
excretory end-product of the vitamin in humans (6). 
By means of spectrophotometric techniques it has been 
shown that  pyridoxal  and its s t ructural ly  related 
5-deoxypyridoxal can also exist in the resonance form, 
a semiquinone s t ruc tu re  (13, 14). When pyridoxal  or 
the deoxypyridoxal  was t reated with hydrogen per- 
oxide in an alkaline condition, the resulting product  

w a s  an ortho dihydroxy compound (Figure 2) (13, 

x Presented at the 32nd Fall Meeting, American Oil Chemists' Society, 
October 20-22, 1958, Chicago, nl. 

CIIOH CHOH 

Ell 20H clIO CHO 

CH3.A~N / IdnO2 CHiN ~ CH3"~N ~'~ 

I H202 ~ H202 

OH Oil 

Fla. 2. Oxidation of pyridoxine and its related compounds. 
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14). I t  is unknown however whether pyridoxine and 
pyridoxal  undergo such reactions when they come in 
contact with oxidized fats. Vitamin B6 contains a 
hydroxyl  group at the 3-position which shows typical 
phenolic reactions, and s t ructural ly  it belongs to a 
group of hindered phenols. I t  is therefore not sur- 
prising to find antioxidative act ivi ty  in the vitamin. 
Indeed Hove and Harr is  reported that pyridoxine, 
in the form of a free base, stabilized vitamin A in 
fish oils (15). However an at tempt  to find possible 
antioxygenic properties in the fat-soluble derivative of 
pyridoxine, pyridoxine 5-monopahnitate (16), failed 
to succeed (17). I t  was also noted that  the 4,5-bis- 
dcoxy analog of pyridoxine, 2,4,5-trimethyl-3-pyri- 
dinol, was much less effective than the corresponding 
benzene derivative, 2,3,6-trimethylphenol, in protect- 
ing lard from oxidation at 37~ (17). This indicates 
that  the nitrogen in the ring probably deactivates 
pyridoxine as an antioxidant despite the favorable 
arrangement  of the substituents. 

A well-known physiological antioxidant,  a-toeoph- 
erol, has been reported to spare essential f a t ty  acids 
in rats (15). Because of the properties superficially 
similar to toeopherol Hove and Harr is  postulated 
that  vitamin B6 might also serve as a physiological 
ant ioxidant  (15). lit was noted that, in plant cells, 
pyridoxine prevented the oxidation of the unsatu- 
rated fa t ty  fractions in vitro as well as in rive (18). 
Abnormal excretion of allantoin and creatine by rats 
which were deficient in both vitamin E and B6 was 
eliminated upon administration of either one of the 
vitamins (19). Such possible antioxygenie properties 
of vitamin B6 in vivo have been considered as an ex- 
planation for the effective cure of radiation injuries 
with pyridoxine (20). Although no direct evidence has 
been obtained to show that  vitamin Bs is involved in 
the biological oxidation-reduction systems, Tulpnle 
and Williams suggested that  the vitamin was essential 
for  the utilization of linoleic acid in maintaining the 
phosphate esterification system which is closely asso- 
ciated with the oxidation of reduced cytoehrome c 
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(21). Depression in the act ivi ty of liver glutamie 
dehydrogenase in pyridoxine-defieient ra ts  has also 
been reported (22). How vi tamin B6 contributes to 
the maintenance of the enzyme function remains ob- 
scure. Wi t t ing  et al. observed tha t  the poor growth 
of rats  kept  on a diet containing " u s e d "  oils could 
be par t ia l ly  overcome upon increasing the d ie tary  level 
of pyridoxine (23) although the mechanism of re- 
versal remains unknown. 

Vi tamin  B6 a~,d Fa t  Metabolism. I t  has been claimed 
that  v i tamin B6 plays a vital  function in general fa t  
metabolism, including the conversion of carbohydrate  
and proteins to fats  (24, 25), al though the studies are 
open to al ternat ive interpretat ion.  I t  has been re- 
ported that  v i tamin B~ is indispensable (26) for  the 
conversion of linoteic to arachidonic acid. 

An ingenious method has become available for  the 
prepara t ion  of earboxy-labelled essential f a t t y  acids, 
the synthesis of which is not otherwise readily 
achieved (27). The principle involves deearboxyla- 
tion of f a t ty  acids, followed by regeneration of the 
carboxyl group with radioactive carbon dioxide. By 
means of t racer  techniques Mead and his eoworkers 
investigated the mode of i~t vivo conversion of araehi- 
donate f rom linoleate or 7-1inolenate and other highly 
unsatura ted  f a t t y  acids. When linoleate-l-C ~4 was 
fed to rats, the arachidonate fract ion isolated front 
the tissue contained radioactivity,  and 74.7% and 
24.5% of the total activity were found to be located 
at the earboxyl carbon and the 3-position, respectively. 
Only a trace of activity was detected at the 2-position, 
and no act ivi ty was found in the 4-poMtion or in the 
rest  of the chain (28). This indicated that  linoleic 
acid was a precursor  of araehidonie acid. The find- 
ings also indicated tha t  a pa r t  of the radioactive lino- 
leate underwent  B-oxidation in vivo, and some of the 
two-carbon f ragments  thus freed were then condensed 
at the carboxyl of the linoleate. Condensation of lin- 
oleate and a two-carbon f ragment  to form an arachi- 
donate skeleton has also been confirmed by using 
radioactive acetate and unlabelled linoleate (29). 
Similar tests proved the absence of format ion of 
arachidonate f rom linolenate (30). Mead et at. also 
prepared  7-1inolenate-l-C 14 and found that  this acid 
served exclusively as a source of araehidonate (31). 
The results led them to postulate that  linoleate was 
t rans formed to arachidonate most likely through 
7-1inolenate. This reaction involved removal of four  
hydrogen atoms front the molecule and condensation 
with a two-carbon f ragment  at the carboxyl end of 
the linoleate (Figure  3). No evidence however has 
yet  been obtained to show that  ,/-linolenate is actu- 
ally formed f rom linoleate in  viva. I t  is suggested 
that  an intermediate other than 7-1inolenate may  also 
be involved in araehidonate format ion (31). 

Although it is clear that  v i tamin B6 is in some way 
closely connected with the format ion of arachidonate 
and possibly a hexaenoate from linoleate and lino- 
tenate, respectively (26), the mechanism is totally 
unknown. I t  remains to be investigated whether  vita- 
min B~ is indispensable for the synthesis or for the 
max imum function of enzymes involved in metabo- 
lism. For  the conversion of palmitic acid to palmit-  
oleie acid and of stearie acid to oleie acid, v i tamin Bs 
is believed to be required as a eofaetor (32). 

Four  sources of evidence have shown a close bio- 
logical interrelat ionship between vi tamin Bs and 
essential f a t t y  acids, a) In  rats  the skin lesions pro- 
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FIG. 3. Postulated conversionmechanimn from linoleie acid to 
araehido,nlc ~cid in vivo (31). 

duced by vi tamin B6 deficiency and those produced 
by essential f a t t y  acid deficiency show superficial 
resemblance; b) onset of v i tamin B6 deficiency syrup- 
toms is faci l i tated by removing essential f a t t y  acids 
f rom the diet and vice versa;  c) deficiency symptoms 
of one of the nutr ients  can be par t ia l ly  or tempo- 
rar i ly  cured upon adminis trat ion of the other, and 
most efficiently cured with both; and d) changes in 
the composition of polyunsatura ted  f a t t y  acids in the 
tissue take place when vi tamin Bs is removed from 
the diet (33). The two deficiency symptoms however 
are histologically quite distinct (33). 

As early as 1938 Birch postulated that  v i tamin  B6 
might  combine with unsa tura ted  f a t t y  acids and 
phosphoric acid to form a phospholipide type of com- 
pound as an essential cell consti tuent (34). Although 
the existence of such vi tamin B6 complexes in nature  
is still unknown, it is of interest  that  both v i tamin B6 
and essential f a t ty  acids are now known to be vi tal ly 
involved in the maintenance of normal  cell functions 
and the regulation of cell permeabi l i ty  (35). 

Sinclair postulated that  destruetio.n of cell struc- 
ture in essential f a t t y  acid deficiency and in vi tamin 
Bs deficiency was caused by  an inabil i ty to synthesize 
phospholipides and an interference with protein me- 
tabolism (36). Beaton et al. however repor ted that  in 
the regenerat ing liver tissues of par t ia l ly  hepatec- 
tomized normal  as well as v i tamin Bs deficient rats, 
essential f a t ty  acid deficiency did not affect the syn- 
thesis of cellular protein or the maintenance of liver 
enzyme protein (37). I t  is of interest  to note that  
either linoleate or pyridoxine is able to protect  ani- 
mals front radiat ion in ju ry  (38, 39). I t  has also been 
suggested that  a complex of pyr idoxine and araehi- 
donate may constitute an essential component in skin 
tissue (40). Another  link of the function of vi tamin 
B~ to fa t  metabolism has been amply  demonstrated 
in seborrbeie dermatitis,  in  human subjects v i tamin 
Bs deficiency, which was often produced experimen- 
tally with the aid of an ant iv i tamin B6, induced seb- 
orrheic dermati t is  of the " s i c e a "  type. A typical  
symptom involves abnormal deposition of f a t ty  ma- 
terial on the skin. This can be effectively cured upon 
topical applicat ion of pyridoxine (41). 

In  conjunction with the effect of v i tamin Bs on the 
maintenance of cell s t ructure  it  seems of interest  to 
mention the observation of Holden and Holman. A 
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strain Gf lactic acid bacteria, Lactobacillus arabinosus 
17-5, is rod-shaped with a round end. When the cul- 
ture of this organism was t ransfer red  successively in 
a vi tamin B~-defieient medium, all the cells began to 
show a swollen elliptical shape (42, 43). The micro- 
organism might  therefore serve as a convenient tool 
for the s tudy  of vi tamin B6 and its relationship to 
cell s tructure.  

Rinehar t  and Greenberg observed that  the rhesus 
monkeys which had been kept  on a vi tamin B6-defi- 
cient diet for  a prolonged period of time tended to 
produce more advanced arteriosclerotic lesions than 
those f~und in the control animals (44). They later  
reported that  pyridoxine deficiency in monkeys regu- 
lar ly  led to the format ion of sclerotic lesions in the 
blood vessels, which was also accompanied by high 
blood Steroid levels (45). The results obtained by  
other workers f rom similar lines of s tudy were not 
always in agreement  with the findings of Rinehar t  
et al. (46, 47, 48). I t  is however not surpr is ing to 
find some correlations between the deposition og f a t ty  
materials  in the circulating systems and vi tamin BG, 
for  the v i tamin is indispensable foe the normal  me- 
tabolism of fats. I f  esse:Htial f a t ty  acid is directly 
involved in the mobilization and deposition of cho- 
lesterol, as has been postulated (49), it is under-  
standable that  v i tamin B6 would indirectly but  ac- 
t ively affect the metabolism of the steroid, i t  may 
also be implied that  v i tamin B6 stimulates the in 
vivo conversion of t ryp tophan  to nicotinic acid, which, 
in turn,  may  depress serum cholesterol levels (50). 
The effect of the vi tamin in prevent ing the deposi- 
tion of f a t t y  materials,  as observed by  Rinehar t  et at., 
may  not be a direct one. They found that  the initial 
les~on was characterized by  the accumulat ion of a 
mucous substance in the int ima and in the media of 
the arteries involved (51). This mater ia l  was not 
f a t t y  in nature  and was found to exhibit reactions 
characteristic of mucopolysaeeharides. Deposition of 
lipide mater ial  takes place in the later  stage of ather- 
osclerosis. The findings suggest that  v i tamin B6 de- 
ficiency might  impair  the functions of enzymes in 
the cells, and the degenerated cells, in turn,  would 
be susceptible to the deposition of f a t t y  mater ia l  
along the damaged walls. 

Conclusion 
I t  is evident that  v i tamin B6 serves as a physiolog- 

ical antioxidant.  The mechanism cannot be dependent  
solely on the chemical s t ructure  of the vitamin. De- 
spite the favorable a r rangement  of the substituents, 
pyr idoxine and its derivatives show no, or only Might, 
antioxidative act ivi ty in vitro. The inactivation ap- 
paren t ly  results f rom the nature  of the pyridine ring. 

Vi tamin B6 is one of the B vi tamins which are 
required for  the normal  metabolism of the fa ts  and 
essential f a t t y  acids. However  it still remains to be 
investigated whether the v i tamin is direct ly associated 
with fa t  metabolism or whether the vi tamin itself is 
responsible for  the max imum funct ion or the syn- 
thesis of enzymes involved. 
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