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ABSTRACT 

6 - H y  d r  o x y - 2 , 5 , 7 , 8 - t  e t ra  m e t h y l c h r o m a n - 2 - c a r -  
boxyl ic  acid in t h in  layer  tes ts  in  vegetable  oils and  
an imal  fa ts  has  two- fou r  t imes  t he  a n t i o x i d a n t  act iv-  
i ty  of  b u t y l a t e d  h y d r o x y t o l u e n e  and  b u t y l a t e d  
h y d r o x y a n i s o l e  a n d  is more  act ive t h a n  p r o p y l  
gallate,  n o r d i h y d r o q u a i a r e t i c  acid,  a scorbyI  p a h n i t a t e ,  
and  or- and  3 ' - tocopherols .  I t  is also m o r e  act ive t h a n  
te r t i a ry  b u t y l h y d r o q u i n o n e  in ch i cken  and  p o r k  fa ts  
and  corn ,  peanu t ,  sunf lower ,  and  saf f lower  oils in 
th in  layer  tests.  Ter t ia ry  b u t y l h y d r o q u i n o n e  is slight- 
ly more  act ive in corn ,  s o y b e a n ,  c o t t o n s e e d ,  and  
p e a n u t  oils in  the  act ive oxygen  m e t h o d ,  p r o b a b l y  
due to d e c o m p o s i t i o n  of  the  c h r o m a n  at 98 C. This  
d e c o m p o s i t i o n  is i n h i b i t e d  by  ascorb ic  acid. The  
c h r o m a n  is synerg ized  by  ascorbyl  pa lmi t a t e - th iod i -  
p r o p i o n a t e  and  ascorb ic  acids. Act ive oxygen  m e t h o d  
values o f  190 hr  are o b t a i n e d  in c o m b i n a t i o n  wi th  the  
la t te r .  A s p e c t r o f l u o r o m e t r i c  assay for  6 - h y d r o x y -  
2 , 5 , 7 , 8 - t e t r a m e t h y l c h r o m a n . 2 . c a r b o x y l i c  acid has  
been  developed.  The  c o m p o u n d  is 95 -100% stable  for  
2 m o n t h s  at  r o o m  t e m p e r a t u r e  and  45 C, and  a low 
level of  t ox i c i ty  is found .  The  c o p p e r  and  i ron  
b r e a k d o w n  p r o d u c t s  o f  the  c h r o m a n  have been  
d e t e r m i n e d .  A possible  re la t ionsh ip  b e t w e e n  these  
p roduc t s ,  p r o t e c t i o n  o f  the  c h r o m a n  by  ascorb ic  acid 
and  e t h y l e n e d i a m i n e t e t r a a c e t i c  acid,  and  a mecha -  
n i sm of  ac t ion  is p resen ted .  

INTRODUCTION 

6 - H y d r o x y c h r o m a n s ,  in par t i cu la r  the  t o c o p h e r o l s ,  have  
b e e n  s tud ied  as a n t i o x i d a n t s  for  m a n y  years.  Recen t ly ,  we 
have s h o w n  (1) t h a t  the  na tu ra l  ( R R R )  and  all rac 
a - t o c o p h e r o l s  have equ iva len t  ac t iv i ty  and  t h a t  n e i t h e r  has  
increased  act iv i ty  above  20 mg percen t .  C o m p a r e d  to  

1present address: Quality Control Department. 

food-grade a n t i o x i d a n t s ,  t o c o p h e r o l s  have p o o r  act ivi ty  in 
vegetable  oils bu t  are b e t t e r  in an imal  fats.  This  select ive 
act iv i ty  may  be due to  a re la t ively  h igh  e f f ic iency  in the  
p r o t e c t i o n  o f  oleic  acid as c o m p a r e d  to  l inoleic  acid.  It  has  
been  shown  (2)  t ha t  7 - t o c o p h e r o l  is a b e t t e r  a n t i o x i d a n t  
t h a n  the  a - h o m o l o g u e .  

Sk inner ,  e t  al., (3)  tes ted  a n u m b e r  o f  t o c o p h e r o l  
analogues  wi th  H-carotene as subs t ra te .  In  th is  tes t ,  t o c o p h -  
erol  was 1.5 t i m e s  as active as the  ana logues ,  b u t ,  since th is  
tes t  was c o n d u c t e d  on  a mola r  basis,  1.7 t imes  more  
t o c o p h e r o l  ac tua l ly  was used.  On a wt  basis,  t h e n ,  the i r  
act ivi t ies  are similar .  In a d d i t i o n ,  we have s h o w n  (1)  t h a t  
the  ra t io  of  ac t iv i ty  of  a n t i o x i d a n t  varies wi th  the  subs t ra te .  
A n t i o x i d a n t  ac t iv i ty  on  ca ro t eno id s  and  on  v i t amin  A does 
no t  presage c o m p a r a b l e  ac t iv i ty  in oils or  fats.  

In a previous  pub l i c a t i on  (4) ,  we have descr ibed the  
synthes is  and  a n t i o x i d a n t  eva lua t ion  of  a n u m b e r  of  
6 - h y d r o x y c h r o m a n s .  It  was our  u n e x p e c t e d  f ind ing  t h a t  a 
ca rboxyl ic  acid g roup  at C-2 of  the  c h r o m a n  gave com-  
p o u n d s  tha t  were marked ly  super ior  to  any  o t h e r  6-hy-  
d r o x y c h r o m a n s .  S t ruc tu re -ac t iv i ty  s tudies  ind ica t ed  t ha t  
6 - h y  d r o x y - 2 , 5 , 7 , 8 - t e t r a m e t h y l c h r o m a n - 2 - c a r b o x y l i c  acid 
[ 1 ] ,  r ecen t ly  assigned the  tr ivial  n a m e  of  T r o l o x  C, was the  
mos t  effect ive  c o m p o u n d .  It  is s h o w n  be low:  

CH 3 

CH 

CH 3 CH3 

COOH 

[1] TroloxC 

It is the  purpose  of  this  pape r  to  compa re  the  act iv i ty  of  
this  c o m p o u n d  to  cu r r en t l y  used  food-grade  a n t i o x i d a n t s  in 

TABLE I 

Comparat ive  A n t i o x i d a n t  Act iv i ty  a 

Thin layer days b, 45 C 
Oxygen analyzer RT AOM hr, 98 C 

Antioxidants % NDGA Soybean oi l  Chicken fat soybean oil  

Trolox [ 1 ] 100 17-36 35+ 27 
BHT 85 9 15 6.5 
BHA 140 8 20 5 
PG 85 15 NR 22 
AP 58 11 10 11.5 
TBHQ 85 20-37 34 32 
NDGA 100 17 25 22 
~-Tocopherol 7 6 13 5 
"/-Tocopherol 9 7 29 5 
None 0 5 5 5 

aRT ~ room temperature, NDGA = nordihydroquaiaretic acid, BHT = butylated hy- 
droxytoluene, BHA = butylated hydroxyanisole, PG = propyl gallate, AP = ascorbyl palmi- 
tate, and TBHQ = tertiary butylhydroquinone. 

bTo reach peroxide values of 70 meq/kg in vegetable oils and 20 meq/kg in animal fats. 
Thin layer and active oxygen method (AOM) antioxidants at .02%, oxygen analyzer 1O0 
mcg/test. 

174 
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TABLE 1I 

45 C Antioxidant Efficiency--Thin Layer Days to Reach 
70 Peroxide Value meq/kg 

Substrate oil 

Antioxidant a Corn Peanut Sunflower Safflower 

Trolox C 25 34 27 39 
TBHQ 24 30 2"/ 33 
PG 21 26 19 16 
BHT 13 15 9 10 
BHA 15 15 8 8 
None 12 15 6 6 

aAll at .02% (legal limit). Soybean oil, see Table I. TBHQ = 
tertiary butylhydroquinone, PG = propyl gallate, BHT = butylated 
fiydroxytoluene, and BHA = butylated hydroxyanisole. 

several tes t  sys tems;  n a m e l y  t h i n  layer  tes ts  in  vegetable  oils 
and  an imal  fats ,  act ive o x y g e n  m e t h o d  (AOM),  and  a 
h e m o g l o b i n - c a t a l y z e d  e m u l s i o n  p e r o x i d a t i o n .  So lub i l i ty ,  
assay p r o c e d u r e ,  s tab i l i ty ,  synergis t ic  r eac t ions ,  and  a 
possible m o d e  o f  a c t i o n  will be  p re sen ted .  

EXPERIMENTAL PROCEDURES 

Compounds 

6 - H y  d r  o x y -  2 , 5 , 7 , 8 - t  e t r a m e t h y l c h r o m a n - 2 - c a r b o x y l i c  
acid (I, T ro lox  C) was p r epa red  as previous ly  descr ibed  (4) .  
2-Hy droxy-2-methyl-4-( 3,5,6-trimethylbenzoquinone-2-yl) 
b u t a n o i c  acid [2]  was o b t a i n e d  by  the  o x i d a t i o n  of  [1]  
wi th  ferric ch lor ide  in a two  phase  m i x t u r e  of  e t h e r  and  
aqueous  m e t h a n o l  (5). O x i d a t i o n  o f  an  e the rea l  su spens ion  
of  [1]  w i th  po t a s s ium fe r r i cyan ide  in aqueous  sod ium 
h y d r o x i d e  s o l u t i o n  (6)  or  w i th  b r o m i n e  and  p o t a s s i u m  
b r o m i d e  in a q u e o u s  s o d i u m  b i c a r b o n a t e  so lu t ion  (7)  gave a 

m i x t u r e  of  t h e  q u i n o n e  [2]  and  6 ,8aH-d ihydro -2 ,5 ,7 ,8 - t e t -  
r a m e t h y l - 6 - o x o - c h r o m a n - 2 - c a r b o x y l i c  acid l ac tone  [ 3 ] .  
Washing an  e the rea l  so lu t i on  of  the  p r o d u c t s  wi th  d i lu te  
sod ium b i c a r b o n a t e  so lu t i on  gave the  pure  l ac tone  [ 3 ] .  
C o m p o u n d s  [2]  (mp  117-119 C f r o m  e t h e r / 3 0 - 6 0  C 
p e t r o l e u m  e t h e r )  and  [3]  ( rap 59.5-62 C f r o m  the  same 
solvent  pai r )  were cha rac t e r i zed  ful ly by  UV, IR,  NMR,  and  
mass s p e c t r o m e t r y ,  a n d  by  c a r b o n  and  h y d r o g e n  analyses .  

S t r ipped  sa f f lower  oil  was p repa red  on  a ro t a ry  mo lecu -  
lar still a t  270  C. I t  c o n t a i n e d  less t h a n  0.5 rag% 
tocophero l s .  All the  oils were t e s t ed  as received to c o n f o r m  
to  spec i f ica t ions .  These  inc lude  free f a t t y  acid value b e l o w  
0.2,  s apon i f i ca t ion  value of  190,  co r rec t  iod ine  value,  
specif ic  gravi ty ,  co lor  and  r a n c i d i t y  m e a s u r e m e n t s ,  and  
analysis  for  the  absence  o f  b u t y l a t e d  h y d r o x y t o l u e n e  
(BHT).  All t he  fa ts  and  oils were s to red  u n d e r  n i t rogen  at  5 
C and  r e t e s t ed  for  pe rox ides  at  the  onse t  of  e ach  
e x p e r i m e n t ,  a n d  on ly  those  be low 4 m e q / k g  were used.  
Lard  was p r e p a r e d  by  r e n d e r i n g  p o r k  fa t  as previous ly  
descr ibed  (1).  

Antioxidant Testing 

In t he  t h in  layer  test ,  a layer  o f  0 .20  ml  fa t  or  oil in a 50 
ml  beake r  (37  m m  d i a m e t e r )  at  45 C was t i t r a t ed  daily t o  
d e t e r m i n e  t he  pe rox ide  values.  The  AOM test  was per-  

f o r m e d  at 98 C in the  s t a n d a r d  m a n n e r  (8)  in a special ly 
c o n s t r u c t e d  oil b a t h  (Sargent ) .  The h e m o g l o b i n - c a t a l y z e d  
p e r o x i d a t i o n  o f  a 10% saf f lower  oil  emu l s ion  ( oxygen  

ana lyze r  t es t  [ 9 ] )  was measu red  wi th  a B e c k m a n n  777  
oxygen  analyzer .  The  abi l i ty  o f  tes t  c o m p o u n d s  to p r even t  
the  r emova l  of  o x y g e n  f r o m  so lu t i on  ( p e r o x i d a t i o n )  is 
expressed  as pe rcen t  o f  a s t anda rd ,  in th is  case, n o r d i h y d r o -  
qua ia re t i c  acid ( N D G A ) .  All e x p e r i m e n t s  r epo r t ed  he re in  
have b e e n  p e r f o r m e d  in dup l i ca te  on  at  least  t w o  d i f f e ren t  
days. 

TABLE III 

Synergism of Trolox C a 

Activity in 
Hr to reach 70 PV combination with 

Additive b activity alone Trolox C at .02% 

None 5 27 
.02% AP 11 35 c 
.02% AP + .02% TDPA 30 69 
.2% AP 27 47 c 
.2% AP + .02% TDPA 67 98 
.1% Ascorbie acid 150 190 
.05% Trolox C 38 --- 
.1% Trolox C 53 --- 

aActive oxygen method-soybean oil at 98 C. PV = peroxide 
value. Meq/kg. 

bAp = ascorbyl palmitate and TDPA = ascorbyl palmitate plus 
palmitate plus thiodipropionate. 

CTotal less than sum of both compounds. 

TABLE IV 

Active Oxygen Method Hr to Reach 70 Peroxide Value 
at  9 8  C 

Substrate oils 

Antioxidants a Corn Cottonseed Peanut Lard 

None 13 11 12 3 
BHT 14 15 22 30 
BHA 13 15 13 45 
PG 26 21 36 70 
TBHQ 34 38 52 42 
Trolox C 28 36 36 73 
Trolox C + .05% AA 90 45 164 150 
Trolox C + .1% AA 96 66 170 200 

aAll antioxidants at .02% (except ascorbic acid [AA])  1 = .05% 
AA and 2 -- .1% AA. BHT = butylated hydroxytoluene, BHA = 
butylated hydroxyanisole, PG = propyl gallate, and TBHQ = tertiary 
but yhydroquinone. 

Assay Methods 
T h e  a n t i o x i d a n t  6 - h y d r o x y - 2 , 5 , 7 , 8 - t e t r a m e t h y l c h r o -  

man-2-ca rboxy l i c  acid [ 1 ] was measu red  by  f luorescence  
w i th  a F a r r a n d  s p e c t r o f l u o r o m e t e r  by  e x c i t a t i o n  at  290  n m  
and  reading  t he  peak emiss ion  at  330  nm.  Alcoho l i c  

so lu t ions  were used d i rec t ly  w i t h o u t  p r e e x t r a c t i o n .  Oils 
were dissolved in h e x a n e  a n d  e x t r a c t e d  w i t h  a m i x t u r e  o f  
a lcoho l -wate r  ( I : 1  v /v)  wh ich  r e m o v e d  the  t o c o p h e r o l s  in  
the  h e x a n e  phase ;  the  a lcoho l -wate r  phases  were assayed.  
Samples  were s u b d i l u t e d  in b o t h  0 .1% a m m o n i u m  h y d r o x -  
ide in  m e t h a n o l - w a t e r  and  in 0.1 N HCI in m e t h a n o l - w a t e r  
and  read  wi th in  5 min .  The l a t t e r  read ing  was s u b t r a c t e d  
f rom the  a m m o n i u m  h y d r o x i d e  reading.  Recove ry  of  the  
c h r o m a n  f r o m  s o y b e a n  oil and  c o c o n u t  oil  was 93-99%,  
whereas  recovery  f r o m  a lcohol ic  so lu t ions  was 98-100%. 

The  q u i n o n e  [2]  h a d  no  f luorescence .  A t  270  n m ,  the  
E l %  of  th i s  c o m p o u n d  was 715,  whereas  t h e  c h r o m a n  i c m  
[ 1 ] had  very  l i t t le  a b s o r p t i o n  at  th is  wave length .  Thus ,  the  
q u i n o n e  [2]  was d e t e r m i n e d  by  UV assay a f te r  sub t r ac t i ng  
a b s o r p t i o n  due  to c h r o m a n  as previous ly  d e t e r m i n e d  b y  
f luorescence .  TLC assays also were used to  check  for  
qua l i ta t ive  i den t i f i c a t i on  o f  b r e a k d o w n  p roduc t s .  

T o c o p h e r o l  was measu red  by  the  E m m e r i e  Engel  (EE)  
r eac t ion  a n d  by  the  gas l iqu id  c h r o m a t o g r a p h i c  (GLC)  
m e t h o d  o f  R u d y ,  e t  al. (10) .  The  C-32 h y d r o c a r b o n  was 
used as an  in t e rna l  s t a n d a r d  for  the  GLC test .  A 5 meg  
sample  was i n j ec t ed  i n t o  an  A e r o g r a p h  1700  f l ame  ioniza-  
t i on  d e t e c t o r  e q u i p p e d  wi th  4 ft  s tainless  s teel  x I / 8  in.  
inside d i ame te r  c o l u m n  c o n t a i n i n g  10% SE 30 o n  80-100  
ae ropak  a n d  a Hewle t t  Packard  electronic in tegra to r .  The  
a - t o c o p h e r o l  peak  appea red  in 800  sec, 7 - t o c o p h e r o l  in 670  
sec, p - t o c o p h e r o q u i n o n e  in 820  sec, and  t he  i n t e rna l  
s t anda rd  in 1100  sec. 
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TABLE V 

Physico-Chemical Data 6-Hydroxy-2,5,7,8-Tetramethylchronaan-2-Carboxylic  Acid 

Solubility at 25 C 

Solvents Percent 

Water .053 
Ethanol  USP 16.0 
Propylene glycol 1.6 
Medium chain triglyceride 0.7 
Vegetable oils .17 
Diethyl ether 2.56 
Petroleum ether  .04 
Chloroform 1.08 

Methanol,  2-propanol  1 
Acetone,  benzyl  alcohol Greater 10.0 

J 

'I 0.40 

! / ,  

7 l /  \  o,,o 7 \ 
\ 

O 
D 
. . . . . .  I . . . .  I I I 

3 3 0  3 8 0  4 3 0  4 8 0  nm 

FIG. 1. Emission spectra of Trolox C. 

c~ 

c H ~  COOH "' 

[ 1 ] Trolox C 
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~ C H ~  COON 
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CH 3 
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C~3 ON COOH 

O ~  ~N3 

C 0 

CH 3 

C CN3 

K 3 Fe  (CN) 6 CN 3 

KBr /B r  z 

sq. NaHCO3 t O~/~~cN3CN3 OH COON 

CH 3 
ch3 [ zl 

FIG. 2. Oxidation products formed from Trolox C. 

Solubility was measured by mixing overnight and subse- 
quent Swinny filtration (0.22 p pore size) and measuring 
the concentration of the compound in solution by the 
speetrofluorometric assay. 

The LDso values were obtained using 10 animals/dose 
level, and the animals were observed for 5 days. The 
compound was ground in a mortar and suspended in 5% 
gum acacia solution for administration. The LDs0 values 

Formula wt 250.32 
nap 189-195 C 
UV peak291  E{~g_m = 120 
Appearance:  white to light yellow power 
Odor :none  
Taste:bland 

were calculated by the method of Miller and Tainter (12). 

RESULTS AND DISCUSSION 

Antioxidant Activity 
Table I exhibits comparative antioxidant activity of 

Trolox C to other antioxidants that have been used in foods 
in the U.S. The chroman is two-four times more active than 
BHT and butylated hydroxyanisote (BHA) in the thin layer 
test and AOM and is more active than propyl gallate (PG), 
ascorbyl palmitate (AP), and NDGA (no longer legal in the 
U.S.) in all test systems. It is a great deal more active than 
a- or 7-tocopherol. It is equal to, or better than, tertiary 
butylhydroquinone (TBHQ), the newest antioxidant,  in the 
thin layer test but is slightly less active in the AOM. It is 
better than TBHQ in the emulsion test. In chicken and pork 
fat (not shown) tested in thin layers, the chroman was more 
active than TBHQ and the tocopherols. 

Further comparisons in an assortment of vegetable 
oi ls-corn,  peanut, sunflower, safflower, and soybean-are  
presented in Table II. In all cases, the chroman is better 
than BHA, BHT, and PG, and is competitive with TBHQ. In 
corn and safflower oils, the chroman is better; in sunflower 
oil, they are equivalent; and in soybean oil, TBHQ is 
slightly better. 

To increase activity on soybean oil in the AOM, the 
chroman was studied in combinations. In the first column 
of Table III, the activity is given for the additive alone and 
in the second column in combinations with Trolox C. AP 
increased the AOM values but to a value less than the sum 
of the individual compounds. AP plus thiodipropionate 
(TDPA) does give a true synergism, and AOM hr as high as 
98 were obtained. The most interesting combination was 
0.1% ascorbic acid (AA) with .02% chroman, which gave an 
AOM value of 190. 

Most of our results have been obtained at .02%, which is 
the legal limit for most antioxidants. However, increasing 
the levels of the chroman to 0.05% (Table III) results in 35 
AOM a n d t o  0.1%in 53 AOM hr. 

Table IV presents results from the AOM using corn, 
cottonseed, and peanut oils and lard as substrates. After 25 
hr, the oils were assayed for the chroman by a spectrofluo- 
rometric procedure (vide infra) and showed a 25% loss of 
the compound, whereas the vegetable oils containing added 
AA and the lard showed no loss. The destruction of the 
chroman in these vegetable oils explains why it is less active 
than TBHQ. However, the addition of AA stabilized the 
chroman, and the combination with AA is very active. 

Physical Properties, Stability 
The solubility of the chroman, as well as its physico- 

chemical characteristics, appears in Table V. The maximum 
absorption at 291 nm and an EE reaction were predictable 
from tocopherol data. The EE reaction, as expected, was 
equal to tocopherol on a molar basis (1.7 times more active 
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TABLE VI 

6-Hydroxy-2,5,7,8-Tetramethylcbroman-2-Carboxylic Acid Copper and Iron Decomposition 

177 

mcg/ml in 50% Ethanol, 50% H20 

8 Days room temperature 15 Days room temperature 

Additives chelate Metal Chroman Quinone [21 Chroman 

0 0 1030 0 940 
0 50 ppm Cu ++ 600 430 210 

Na2EDTA 2 1080 0 1080 
Citric acid 790 250 580 
EDTA acid J 1080 0 1060 
Ascorbic acid 1080 0 1080 

0 50 ppm Fe +++ 900 t 50 790 
Na2EDTA ] 1050 0 980 
Citric acid 1 960 90 850 
EDTA acid 945 1 O0 890 
Ascorbic acid 1080 0 1080 

aEDTA = ethylenediaminetetraacefic acid. 

on a w t  basis). 
A spec t ropho tomet r i c  m e t h o d  (see "Expe r imen ta l  Pro- 

cedures"  for details) was deve loped  which al lowed accurate  
de te rmina t ion  of  solubilities. F luorescent  spectra are given 
in Figure 1, and a typical  l inear response is given f rom 1-6 
meg. The  solubi l i ty  in a lcohol  at 16% is useful in 
preparat ion of  bulk solutions.  The solubil i ty in vegetable 
oils is not  as high as one might  like, but  the c o m p o u n d  is 
soluble at 0 .17% which  is well above the legal l imit  for  most  
ant ioxidants  in the U.S. The c o m p o u n d  is an off -whi te ,  
odorless,  tasteless solid. This is in contrast  to the viscous 
l iquid tocophero ls  and the odi ferous  phenol ic  character-  
istics o f  BHT and BHA. 

The stabil i ty in oils was studied using the spect rof luoro-  
metr ic  procedure .  In soybean oil at a concen t ra t ion  o f  
0.099 and 0.02%, re ten t ion  for  2 mon ths  at r o o m  tempera -  
ture was 97-100%. Re ten t ion  at 45 C was 95- t00%.  As 
expec ted ,  re ten t ion  at 70 C was less (80-89%). In coconu t  
oil,  r e ten t ion  for 2 mon ths  at 45 C was 96% and at 70 C 
was 92%. Solut ions  in USP a lcohol  for  6 months  at 16 and 
5.0% have been comple te ly  stable in dark bott les.  

As part of  our  s tudy of  the stabil i ty o f  Tro lox  C, we 
looked  at po ten t ia l  ox ida t ion  products  of  this c o m p o u n d  
(Fig. 2). With FeC13, we obta ined  the expec ted  qu inone  
[21. With K3Fe  (CN) 6 (or KBr/Br2 [7] ), a mix ture  of  [21 
and the novel  lac tone  [3] was obta ined.  Under  similar 
condi t ions ,  the  tocophero l s  and their  analogues give mix-  
tures of  dimers and tr imers (6, 12-14). No such compounds  
arising f rom Tro lox  C could be found  by thin layer  
ch romatography  (TLC).  Nei ther  ox ida t ion  p roduc t  had 
an t ioxidant  propert ies .  The hyd roqu inone  f rom reduc t ion  
of  [2] was only very weakly active (AOM value [soybean 
oil] of  6). 

We previously have found  (15)  that  t ocophe ro l  is 
unstable in the presence of  Cu ++ or Fe +++. As a result ,  
exper iments  involving in terac t ions  of  these metals with 
T ro lox  C were pe r fo rmed  (Table VI). In  t 5 days, a 1080 
mcg /ml  solut ion in 50% ethanol  conta ining 50 ppm Cu ++ 
or 50 ppm Fe +++ suffered an 80 and 20% loss, respect ively,  

TABLE VII 

Acute Toxicity 6-Hydroxy-2,5,7,8-Tetramethylchroman-2- 
Carboxylic Acid a 

Species Route LDso _+ standard error mg/kg 

Mice PO 1630 +- 154 
IP 1700 -+ 117 
SC 1930 + 167 

Adult rats PO 4300 -+ 318 
IP 1800 +- 170 

Neonatal rats PO 1120 -+ 117 

Rabbits PO >2000 

aAnimals (10) each dose level; administered suspended in 5% 
acacia solution all routes. Carrier is nontoxic. PO = oral, IP = in- 
terperitoneal, and SC = subcutaneous. CF-IS mice, wt 17-25 g; 
Charles River CD rats, wt i 30-175 g; albino rabbits, wt 2.3-2.7 kg; 
and Charles River CD rats, less than 24 hr old, wt 6-9 g. 

of  the  ch roman ,  as measured spec t rof luoromet r ica l ly .  Both 
of  these ca ta lyzed  ox ida t ions  were s topped  comple te ly  by 
AA. F r o m  data on tocopherols ,  one would  expec t  that  
Fe +++ would p romo te  ox ida t ion  to the qu inone  [2 ] ,  and 
Cu ++ also p roduced  the  qu inone  [ 2 ] .  E thy lened iamine te t -  
raacetic acid (EDTA)  s topped  the Cu ++ ox ida t ion  bu t  only 
part ial ly inhibi ted the Fe +++ oxidat ion .  TLC mixtures  
indicated only the  ch roman  [1 ] and the qu inone  [2] and 
no o ther  b reakdown products .  

Toxicity 
The LD50 tox ic i ty  is given in Table VII and is well 

above 1500 mg]kg. Tro lox  C also has been fed to 3 dogs in 
doses pyramiding  daily up to  320 mg/kg  over  14 days. The  
dogs appeared normal  and the white and red cell counts ,  
hematocr i t ,  hemoglob in ,  and differential  l eucocy te  counts ,  
as well as b lood  chemis t ry ,  including b lood urea ni t rogen,  
serum glutamic oxaloacet ic  t ransaminase,  serum glutamic 
pyruvic transaminase,  alkaline phosphatase ,  and plasma 
glucose,  all were within normal  limits.  However ,  at this 
t ime,  the  c o m p o u n d  has not  been released for  human 
consumption.  

TABLE VIII 

Residual Antioxidant after Thin Layer Oxidation in Soybean Oil, 45 C, 2 Months 

Residual Percent loss 
Antioxidant a Peroxides formed antioxidant (%) antioxidant 

.05% Trolox C 120 .042 20 

.02% Trolox C + .2% AA 20 .018 I0 
1.0% All rae-c~-tocopherol 650 0.7 30 
1.0% BHT 36 0.8 20 

aAA = ascorbic acid and BHT = butylated hydroxytoluene. 
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Mechanism of Action 

The mechanism of  act ion o f  au tox ida t i on  of  fats and oils 
has  been  classified as a free radical chain reac t ion  fo r  many  
years.  Phenol ic  an t iox idan t s  have been  said to  act  as 
e lec t ron  or  hydrogen  donors  which  quench  e lec t ron  mobi l -  

i ty .  I t  has been  s ta ted  (16)  that  u l t imate ly  the  ant ioxidants  
are s w a m p e d ,  and,  thus ,  ox ida t ion  proceeds .  However ,  as is 
shown  in Table VIII ,  this  swamping  occurs  while m u c h  of  
the  an t iox idan t  remains.  This apparen t  anomaly  may  be 
expla ined  by the theo ry  o f  Olcot t  and Lin (17) tha t  the  
" t r u e "  an t iox idan t s  are free radical one-e lec t ron  ox ida t ion  

p roduc t s  o f  the  an t iox idan t .  These free radicals usually are 
h inde red  and,  thus ,  do no t  ini t iate radical  processes;  ra ther ,  

they  c o m b i n e  wi th  the  oil-free radicals to  quench  such 
processes. The p repara t ion  o f  stable one-e lec t ron  ox ida t ion  

p roduc t s  o f  an a - t o c o p h e r o l  mode l  c o m p o u n d  recent ly  has 
been  d e m o n s t r a t e d  (18).  

The " f ree  radicals as a n t i o x i d a n t "  t heo ry  also yields an 
exp lana t ion  fo r  the  synergism seen in mix tures  o f  Trolox  C 

and AA. Fe  +++ and Cu ++ are k n o w n  (19) to  lead to  the  
ox ida t ion  and des t ruc t ion  of  organic free radicals. AA 

would  keep  these  meta ls  in lower  ox ida t ion  s ta tes  (20) ,  
thus  p ro tec t ing  the  an t iox idan t .  EDTA also would  p r o t e c t  
the  an t i ox idan t  by removing  the  metal  ions  by chela t ion.  
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