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1 0 - 1 2 % ;  c r i sp ing  by  evapora t ive  cooling to a t e m p e r a t u r e  of 
abou t  130~  and  a mois tu re  content  of about  8 -10%.  Con- 
d i t ions  su i t ab le  fo r  ex t rac t ion  a re :  s l u r r i ng  for  40 min.,  hexane- 
mea t s  ra t io  of 1.2-1.4 to 1, three  washes, cake th ickness  of 2 
in., vacuum of 3-6 in. of mercury ,  and  t e m pe r a tu r e  of s l u r r y i n g  
and  washes of abou t  140~ ` . 

b)  D e c o r t i c a t e d  Seed .  Condi t ions  recommended would be the 
same as  for  undeco r t i ca t ed  seed except  tha t ,  p r ior  to ext rac t ion ,  
the cr isped m a t e r i a l  would be rerol led  in  1-pair-high f laking 
rolls set a t  a c learance  of abou t  0.002-.003 in. 
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Effects of Oxidized Soybean Oil 

Nutrition of the Rat 12'3 

on the Vitamin A 

MINOCHER C. REPORTER and ROBERT S. HARRIS, Department of Nutrition, Food Science, and 
Technology, Massachusetts Institute of Technology, Cambridge, Massachusetts 

Three lots  of cold-pressed soybean oil were t r ea t ed  wi lh  
b u b b l i n g  oxygen for  70, 80, and  180 hrs. a t  70~ and fed to 
r a t s  a t  a level of 18% in diets  which were n u t r i t i o n a l l y  ade- 
qua te  bu t  devoid of v i t a m i n  A. U n t r e a t e d  soybean oil was 
fed  in  s imi la r  control  diets.  Subgroups  of 15 wean l ing  ra t s  
each were g iven  g raded  in jec t ions  of v i t a m i n  A ace ta te  in t ra -  
muscu la r ly  each week. 

D i a r r h e a  developed in  the r a t s  fed  the d ie ts  con ta in ing  oxi- 
dized oil. This  condi t ion  soon subs ided in  the groups  rece iv ing 
v i t a m i n  A in jec t ions  bu t  not  in  the v i t a m i n  A-free group.  
D i a r r h e a  was not  noted  in  the r a t s  rece iv ing  the un t r ea t ed  
soybean oil, w i thou t  respec t  to the amoun t  of v i t amin  A they 
received. 

The r a t s  on the v i t am in  A-free  diets  developed deficiency 
nmre r ap id ly  when the d ie t  con ta ined  oxidized r a the r  than  the 
u n t r e a t e d  oil. The food efficiencies of the g roups  fed the oxi- 
dized oils were lower than  the controls.  The in tes t ines  of the 
groups  rece iv ing the oxidized oils were d i s tended  wi th  fluid 
and  were hemorrhag ic .  E l f l a rged  k idneys  were noted  in the 
v i t amin  A-deficient  control  as well as in  t es t  ra ts .  

The r e t rope r i tonea l  l ip ids  of the groups  on the oxidized oil 
were less unsa tu r a t ed ,  had  lower r e f r ac t ive  indices,  h igher  
peroxide  values,  and  h igher  carbonyl  values  than  comparab le  
g roups  fed  the control  oil. 

V i t a m i n  A deficiency decreased the u n s a t u r a t i o n  of the kid- 
ney and  l iver  l ip ids  b u t  inc reased  t h a t  of the re t roper i tonea l  
l ipids.  I n j ec t i ons  of inc reas ing  amounts  of v i t a m in  A pro 
duced increases  in  the u n s a t u r a t i o n  of the body  l ipids.  

The k idney  ] ip ids  of the g roups  on the oxidized oil diets  were 
less u n s a t u r a t e d  and  conta ined  more peroxid ic  compounds 
t h a n  the controls.  "Vitamin A deficiency increased  the peroxidie  
compounds in  the k idney  and  l iver  ]ipids,  even in ra t s  fed the 
control  oil. The l iver  l ip ids  of the groups  fed oxidized oil 
were less unsa tu r a t ed ,  lower in  v i t a m i n  A content ,  and h igher  
in  peroxide  compounds than  the controls.  

The v i t a m i n  A content  of the whole blood var ied  in rela- 
t ion  to the amounts  in jec ted .  The content  of tocopherol  in 
the t i ssues  were not  af fected s ign i f ican t ly  by the oxidized oil in 
the diet .  

1 Road in part at the 36th Fall meeting, American Oil Chemists' Soci- 
ety, Chicago, October 20-22, 1958. 

Assisted by a grant from the Roche Anniversary, Fund, Hoffmann- 
LaRoche Inc. 

a 0ontribution No. 414 from the Department of Nutrition, Food Sci- 
ence and Technology, Massachusetts Institute of Teehnology, Cambridge, 
Mass. 

The evidence ind ica tes  tha t  severely oxidized oil may  des t roy 
v i t ami n  A in the t i ssue  of the ra t ,  t he reby  h a s t e n i n g  the de- 
velopment  of deficiency on v i t ami n  A-free  diets,  r educ ing  the 
s to rage  of in jec ted  v i t ami n  A, and  inc reas ing  the v i t a m i n  A 

requirement .  
These effects are  wi th  abused  oil and  should not  be inter-  

p re ted  to mean t h a t  the mi ld ly  oxidized oils and  fa t s ,  such as 
those in the diets  of human be ings  in  this  count ry  are  toxic. 

XU.~BER of feeding studies have been conducted 
with oxidized or heated oils and fats in recent 
years. Depending oll the type of lipid, the ex- 

tent of treatlnent, and the level of feeding in the diet 
of experinlental animals, investigators have observed 
diverse effects, ranging from no observed reaction 
(1), to slight decrease in body weight (2),  to death 
of the experimental  aninlals (3). The effects of these 
treated lipids may result f rom destruction of dietary 
nutrients,  interference with diet absorption, interfer-  
ence with imtrient  metabolism, and /or  direct toxic 
reaction with the tissues. 

In an unpublished study conducted in these labora- 
lories in 1952 soybean oil was treated at 350~ for 8 
hrs. and fed at a 15')~ level in a nutritionally-com- 
plete diet to rats. The aninlals grew poorly, developed 
severe diarrhea, and died within three weeks. This 
experiment was repeated, but  this time the heated oil 
was freshly incorporated into the diet each day, and 
the diet not consunled within 24 hrs. was discarded. 
These rats grew fair ly well, they developed a mild 
diarrhea which cured spontaneously within several 
days, and most survived the 35-day experiment. As- 
say of the nutr ients  present in the diet af ter  it had 
been stored at room temperature  for 14 days revealed 
that major  proportions of the fat-soluble vitamins 
(vitamins A, D, K, and E l ,  and significant amounts 
of the water-soluble vitamins had been destroyed. A 
control diet containing the untreated oil which had 
been stored under  the same conditions showed very  
small losses in these vitamins. I t  was apparent  that  
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T A B L E  I 
Characferistics of Soybean Oils Used in Feeding Experiments  t 

Experiment  

Iodine No. (Wijs)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peroxide No,  ( m e q , / k g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbonyl-value (Henick)  

Saturated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Unsaturated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Refractive index ( 2 5 ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Saponification value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Relative viscosity b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Untreate 

1 2 7  

1 . 4 7 3 5  
1 9 0  

(control) Soybean Oil 

5 I  III 

1 2 7  1 2 7  
1 1 

0 .5  . . . . . .  
2 . 7  
1 . 4 7 2 5  1 . 4 7 3 0  

. . . . . .  61  

Oxidized Soybean Oil 

I ] I I  

1 1 3  ! 1 1 6  
l a a  ~ 1 2 8  

. . . . . .  I 1 6 . 6  
24.3 

1 . 4 7 4 8  : 1 . 4 7 4 0  
1 8 7  : . . . . . .  
. . . . . .  i . . . . . .  

I I I a  a I I I b  a 

1 2 0  1 0 0  
9 9  2 8 6  

1 . 4 7 3 9  ] 1 . 4 7 7 9  

" '66  I 9 9 4  

a Two batches wero used, oxidized for ( 1 )  8 0  hours and ( 2 )  1 8 0  hours, respectively. 
b Cannon and Fenske viscometer. 

the heated oil contained chemically reactive fractions 
which destroyed the nutrients in the diet during 
storage, and the "tox ic i ty"  of the heated oil fed in 
the diet was due in large part to malnutrition. 

Several investigators have demonstrated the pres- 
ence of the oxidation products of lipids in both nor- 
real and pathological tissues by both histological (4, 
5) and chemical (6,7) procedures. However better 
techniques must be developed for the identification 
and quantitation of these products of fatty acid oxi- 
dation in animal tissues before rapid progress can be 
made on this important problem. 

This is a report of three studies of the effects 
of oxidized and untreated soybean oils on the rates 
of depletion of vitamin A in weanling rats. Diets 
devoid of vitamin A, but otherwise nutrit ionally 
adequate, were fed, and graded levels of vitamin A 
acetate were given by intramuscular injection. It 
was found that the oxidized oil hastened the deple- 
tion of vitamin A and interfered with its retention 
in the tissues. 

Experimental Procedure 

Five gallons of cold-pressed soybean oiP were mixed 
and separated into two equal parts. One part was 
sealed in a can after treatment with nitrogen and 
placed at 0~ for later use as the control oil. Three- 
liter portions of the remaining oil were heated at 
70~ for 70 hrs. while cleaned dry oxygen was bub- 
bled into it through a sintered glass tube unti l  the 
peroxide value had risen to 110 to 135 me./kg. These 
batches of oxidized oil were then pooled, sealed, and 
placed at 0~ unti l  used in the feeding study. 

For the second and third experiments 2-gal. batches 
of soybean oil were similarly treated with heat and 
oxygen during 80 hrs. and 180 hrs., respectively I and 
the untreated and treated samples were placed in 0~ 
storage. A sample was taken just before each batch 
was placed in storage and submitted to analysis (Table 
I) .  In each of the three experiments a group of wean- 
l ing albino rats (Charles River strain),  was placed on 
a stock diet (8) for two days. 

In Series I the rats were divided into eight groups 
of 15 rats each, with equal distribution of large and 
small animals. Four groups were then placed on the 
control diet while four were given the diet containing 
the oxidized oil (Table II) .  The rats in each sub- 
group received, respectively, 0, 700, 1400, and 7000 
I.U. of vitamin A acetate intramuscularly every seven 
days. In each ease the vitamin A was contained in 
0.1 ml. of an emulsion of sterile water and Tween 80 
(9:1) .  The control rats were given a placebo injec- 
tion of 0.1 ml. of vitamin A-free emulsion. Diets 

4 Kindly  donated by  Miami Valley Laboratories, Procter and Gamble 
Company, Cincinnati, O. 

were freshly prepared each week and refrigerated 
until  offered to the rats ad libitum. The body weight 
of each rat and the food intake of each group were 
recorded on a weekly basis. Each rat was observed 
frequency for gross evidences of vitamin A deficiency 
or other abnormalities. 

Similar procedures were followed in Experiments 
II and III. However the rats in Experiment II were 
given 0, 500, 1500, 3000, or 7000 I.U. weekly, and 
those in Experiment III were given 0, 300, 1500, or 
6000 I.U. of vitamin A by intramuscular injection. 
The consistency of the test diet fed to the rats in 
Experiment III was improved by replacing 6.5% of 
the starch in the diet in Experiment II by an equal 
weight of eelluflour. 

When the vitamin A syndrome (body weight loss, 
xerophthalmia, etc.) was clearly evident in the groups 
receiving no vitamin A, all rats in each series were 
decapitated. Liver, kidneys, retroperitoneal tissue, 
and blood were sampled from each rat at autopsy, 
placed immediately in carbon dioxide ice, and stored 
at - 4 0 ~  until  analyzed. 

The retroperitoneal tissue was macerated with 5 
parts of sodium sulfate, and the lipid was extracted 
with low-boiling petroleum ether. This extract was 
filtered through sodium sulfate, and the solvent was 
removed under vacuum. These lipids were analyzed 
immediately. The other tissues were macerated with 
an ethanol: ether mixture (3:1) and the mixture was 
extracted with low-boiling petroleum ether. Peroxidic 
oxygeu was determined by the Lea method (9) ,  modi- 
fied by placing the lipid and iodide in separate beak- 
ers within the reaction flasks, and sweeping with N: 
for 5 rain. before sealing and mixing. The iodine num- 
bers were determined with Wijs'  solution (10) ,  using 
0.1 to 0.2-g. sanlples, and a 25-min. reaction time. The 
relative amounts of earbonyl compounds were esti- 

T A B L E  I I  

Composition of Experimental  Diets 5 

Test Diets Control Diets 

E x p t .  I ,  I I  
i 

Casein (Labco) . . . . . . . . . . . . . . . . . . .  i 3 0 . 0  
Cystine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 ! : !  
Cornstarch . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soybean oil (cold-pressed)..  
Oxidized soybean oil . . . . . . . . . . .  I 1 8 . 0  
S a l t  mixture (Hubbel l )  a ..... 4 .0  
Vitamin mix b . . . . . . . . . . . . . . . . . . . . . .  I 0 .~  
Celluflour . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . / !  

Expt. I I I  

3 0 . 0  
0 .3  

3 8 . 7  
2 .0  

1 8 . 0  
4 .0  
0 . 5  
6 .5  

1 0 0 . 0  

Expt. I, I I  Expt. I I I  

3O.0 30.00.3 

4 5 . 2  3 8 . 7  
2 0 . 0  2 0 . 0  

0 . 0  0 . 0  
4 . 0  4 . 0  
0 . 5  0 .5  
0 .0  6 .5  

i 
1 0 0 . 0  1 0 0 . 0  

a Salt mixture: Hubbell  et al., J. N u t r i t i o n ,  14, 2 7 3  ( 1 9 3 7 ) .  
b Vitamin mix ( m g m . / 1 0 0  g.  d i e t )  : t h i a m i n e  0 . 4 ;  r i b o f l a v i n  0 . 5 ;  pyri- 

doxine 0.4;  niacin 2.0;  calcium pantothenate 2.0;  p-amino benzoic 
acid 10.0;  inositol 200.0;  biotin 0 ,003;  choline chloride 300.0;  mena- 
dione 0.3; folic acid 0 .25;  alpha-tocopherol 10.0; aseorbic acid 1 0 . 0 ;  
and vitamin D 1 2 5  U S P  u n i t s / 1 0 0  g.  diet. 

s The authors wish to thank Hoffmann-LaRoche Inc.,  N u f l e y ,  N.  J-., 
for supplying" the vitamins used in this study. 
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mated by ttenick's procedure (11),  making suitable 
corrections for the saturated and unsaturated com- 
pounds present. Tocopherol was estimated by the 
dipyridyl  (12) method; the phosphomolybdic acid 
(13) method was tried, but the results were too high. 
Vitamin A was deternlined by the antimony trichlo- 
ride method according to Moore (14) .  Analyses of 
variance were made by the method of two variables 
of classification-repeated measurements as outlined by 
Dixon and Massey (15) .  

Observations and Discussion 

Feeding Stwclies. All those groups which had re- 
ceived extensively oxidized oils in the diet developed 
diarrhea. This condition subsided within a week in 

those animals which were receiving vitamin A injec- 
tions but not in the vitanlin-A free controls. Diar-. 
rhea was noted in none of the rats which were ingest- 
ing the control oils, whether or not they received 
vitamin A. Thus the diarrhea was induced by the 
oxidized oils and was alleviated by the vitamin A 
injections. 

The average body weight gains of the groups fed 
the oxidized oils were lower than of the groups fed 
the control oils (Table III ) .  This effect was signifi- 
cant at the 95% level in Experinlent I but not in Ex- 
periments II and III. The groups fed the oxidized 
oils and receiving no vitamin A developed the vita- 
min syndronle sooner thau comparable rats fed the 
control oils. Since the development of the vitamin A 

T A B L E  I I I  
Data on Growth and Food Efllciences 

Average body weight (g.)h Average gain in body weight 
Experiment Oil fed a 

I 
54  days 

II 
74 days 

I I I d , f  
65 days 

I . U .  vitamin 
A in jec ted- -  

rat week ly  

0 

700  

1 4 0 0  

7 0 0 0  

0 

500  

1 5 0 0  

3 0 0 0  

7 0 0 0  

0 

300  

1 5 0 0  

6 0 0 0  

Initial (S.D.) Final 

56 
56 
56 
56 
56 
56 
56 
56 

49 
49 
49 
49 
49 
49 
49 
49 
49 
49 

57 
56 
57 
56 
56 
57 
58 
56 
57 
56 
56 
57 

5.2 
8.5 
8.2 
8.5 
9.8 
7.8 
6.4 
7.7 

9.1 
9.1 
6.9 
6.2 
8.6 
8.1 
9.0 
7.2 
8.7 
6.4 

3.2 
4.8 
4.2 
5.0 
6.1 
5.1 
2.2 
3.1 
6.2 
2.9 
6.2 
4.2 

261  
213  
332 
2 8 6  
334  
273  
351 
28O 

282  
262 
393 
381 
374  
372 
4O3 
371 
384  
384  

281 
258  

f 
367  
351  

f 
390  
378  

f 
384  
382 

f 

( S . D . )  

25.2  
41 .5  
30.5  
25.2  
22 .8  
18 .4  
24 .5  
30.3  

38 .8  
73.0  e 
48 .5  
31 .6  
39 .6  
38.8  
46.5 
23.2  
28 .5  
33 .8  

50.2  
53.0  

39.7  
30 .1  

33.5  
25 .2  

37.5  
30 .0  

198 
155  
275  
230  
287  
217  
295 
224  

2 3 8  
212 e 
339  
329  
327  
322 
3 6 0  
322 
335 
336  

2 2 4  
201  

311 
301 

331 
318 

327  
324  

(S.D.) 

38.8  
39 .0  
32 .5  
24.8  
26.2  
21 .4  
26 .9  
33.3 

70.0  
55.1  
45 .0  
44.9  
45 .9  
34 .4  
50 .3  
23 .0  
34.0  
34 .5  

58.1  
59.1  

40 .1  
35.1  

29 .9  
29 .3  

41 .4  
26 .4  

Over-all 
"Food 

Efficiency" e 

41 
40 
45 
41 
42 
4O 
45 
41 
44  
42 

31 
27  

38 
35 

42 
40  

4O 
38 

a Oil fed: c : control ,  untreated soybean oil ;  o : oxidized soybean oil p ~ soybean oil oxidized for 180 hrs .  
b ( S . D . ) ,  Standard Deviation. 
e "Food Efficiency": (g. gain in body weight/g ,  food ingested) X 100 .  No data for Experiment 1. 
d 6 . 5 %  Celluflour included in diet at the expense of carbohydrate. 
e One animal died; four moribund animals sacrificed at 66 days. 

All  animals died; ha l f  of the animals in Experiment Series I I I  receiving diet of soybean oil oxidized for 180 hrs. died within 15 days. 

T A B L E  I V  
Retroperitoneal Lipid Data 

Tocopherot Total Refractive Saponifi- mcgm./g ,  fat 
Experiment Oil fed a Iodine index @ Peroxides cation relative 

number 25 ~ m e . / k g ,  number carbonyls 

I 
Pooled 
tissues 

I I  
Pooled 
tissues 

I I I  
Individual 
tissues 

I . V .  
vitamin A 

injected/rat 
week ly  

0 

700  

1 4 0 0  

7 0 0 0  

0 

500  

1 5 0 0  

3 0 0 0  

7 0 0 0  

0 

300  

1 5 0 0  

6 0 0 0  

92 
86 

103  
89 

107  
91 

110  
92 

100  
96 

103  
97 

103  
98 

105  
1 0 0  
1 0 6  
I 0 0  

101  
96 

106 
101  
1 0 6  
101  
114  
106  

1 .4678  
1 .4668  
1 . 4 6 8 5  
1 .4672  

1 .4691  
1 . 4 6 8 9  
1 . 4 6 8 6  

1 . 4 6 9 4  
1 .4691  
1 . 4 6 9 9  
1 . 4 6 9 3  
1 . 4 6 9 2  
1 . 4 6 9 5  
1 . 4 7 0 0  
1 . 4 6 9 8  
1 . 4 7 0 1  
1 . 4 6 9 9  

1 . 4 6 8 5  
1 . 4 6 6 8  
1 .4673  
1 . 4 6 6 6  
1 .4673  
1 .4661  
1 . 4 6 7 6  
1 . 4 6 8 6  

2.7 
11 .5  

3.0 
4.7 
2.8 

10 .7  
2.4 
5.1 

0.3 
9.6 
0.5 
4.0 
0.3 
5.6 
0.3 
5.8 
0.6 
4.8 

1.8 
2.3 
0.6 
0.8 
0.7 
1.4 
0.7 
0 .6  

182 
184  
181 
181 

1 8 6  
190  

(S.D.) b 

14 .... 
12 .... 
22 .... 
12 .... 
14 .... 
17 .... 
17 .... 
23 .... 
13 .... 
15 .... 

52 17 
29 3 
71 7 
25 4 
26 8 
15 6 
33 7 
22 5 

2.3 
4 .4  
2.1 
7.0 
1 .6  
9.0 
1.0 
9.3 
1.0 
9.2 

a Oil fed : c ~ control, untreated soybean oil ; o ---- oxidized soybean oil. 
b ( S . D . ) ,  Standard Deviation. 
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symptoms was dependent upon the rate of depletion 
of tissue stores of this vitamin, it may be deduced that 
the oxidized oils hastened the depletion of tissue 
stores of vitamin A. 

The oxidized (180 hr.) oil fed in Experiment III 
was so toxic that half of the rats died during the first 
two weeks. Death was not prevented by vitamil~ A 
injections. 

The food effleieneies (g. of body weight gain per g. 
of diet intake) of the groups fed the oxidized oils 
were generally slightly lower than those of compar- 
able groups fed the control oils. This was likely 
caused in part by a lower digestibility and lower 
caloric value of the oxidized fat. 

Autopsy Findings. The only abnormalities noted 
at autopsy were distension with fluids and minor 
hemorrhages in the intestines in the groups fed the 
oxidized oils. The organ weight /body weight ratios 
indicated that the kidneys of the rats with vitamin A 
deficiency were enlarged, whether or not the oil in 
the diet was oxidized. 

Tissue Analysis. The retroperitoneal lipid samples 
from the groups fed the oxidized oils had consistently 

T A B L E  V 

Pooled Renal  Lipid D a t a  

I . U .  vita 
min A 

Exper i  injected 
merit / r a t  

~ [  weekly  

0 

70O 

1 4 0 0  

7 0 0 0  

I I  0 

5O0 

1 5 0 0  

3 0 0 0  

7 0 0 0  

i 
1 Iodine  Oil ~ i 

fed num- 
i ber 

c 9 7  
o 8 7  
c 1 1 0  
o 9 6  
c 1 0 6  

99  
1 1 1  
1 0 3  

92  
87  
85  
8 5  
8 9  
85  
93  
88  
9 7  
9 2  

I 
Perox- 

ides 
~ l e . / k g .  

1 4  
2 6  
11 
1 8  

1 0  
17  

Total  Tocoph- �9 erol Vi tamin 
relative i m(  m A 
carbon- ~ "g " I . U . / g .  

",'Is l i g d  ti . . . .  

. . . . . . . .  2 

. . . . . . . .  2 

. . . . . . . .  91  

. . . . . . . .  2 0  

. . . . . . . .  2 7  

. . . . . . . .  2 7  

. . . . . . . .  30  

. . . . . . . .  31 

1.2 23  .... 
2,1 2 0  .... 
1,2 2 6  .... 
1 .9  16 .... 
1 .3  I IS .... 
1 .5 i 15 .... 
1.J i 21 
1.9 13 .... 
3 .0 i 21 .... 
1 .5  I 2 0  .... 

" Oil fed : (. ~ contl 'o]  I l u t r e a t e d  s o y ) c a n  oil: o ox id i ze ' l  s o y b e a n  oil. 

lower iodine numbers and refractive indices and had 
higher peroxide values and carbonyl values than the 
lipids from comparable groups fed untreated soybean 
oils (Table IV) .  

The iodine numbers of the retroperitoneal lipids 
were directly proportional to the amount of vitamin 
A received. Vitamin A deficiency appears to decrease 
the unsaturation of the petroleum ether-soluble retro- 
peritoneal fats and to increase the susceptibility of 
these fats to oxidation. This may be related to in- 
creased tissue storage of peroxidic compounds de- 
rived from food sources. This relationship deserves 
further study. 

The renal lipids (Table V) from the groups fed 
oxidized oil were lower in iodine value and higher in 
peroxide content than comparable controls. Vitamin 
A deficiency increased the peroxidic and earbonyl com- 
pounds in kidney lipids, especially in the groups fed 
oxidized oils. 

The liver lipids (Table VI)  from the groups fed 
oxidized oil were lower in iodine value and vitamin 
A content and slightly higher in peroxide content 
than liver lipids from comparable groups fed the 
control oils. Vitamin A deficieney increased the per- 
oxide value of liver lipids. On a liver-weight basis the 
vitamin A content of the livers varied directly with 
the amount of vitamin A injeeted. The unsaturation 
of the liver lipids increased during vitamin A defi- 
ciency, in confirmation of Leutskii and Lyuboviteh 
(16) and others. A contrary trend was noted in the 
retroperitoneal lipids, indicating that various tissue 
fats are not similarly affected by vitamin A deficiency. 
Agnew and Meyer (17),  Lowe and Morton (18),  and 
others have reported that vitamin A is not direetly 
involved in the metabolism of tissue fatty  acids. It 
has been suggested that the increase in the unsatu- 
ration of liver lipids is caused by a general deficiency 
of nutrients rather than by vitamin A deficiency alone. 

The vitamin A content of the whole blood varied 
in relation to the amount of vitamin A injected. The 
blood-clotting times and the pyruvie acid content were 
lint increased significantly in vitamin A deficiency. 

T A B L E  VI 
Liver  L i p i d  D a t a  

Exper iment  

I I  

I I l  

I . V .  
vitamin A 

in jec ted /ra t  
weekly  

0 

7 0 0  

1 4 0 0  

7 0 0 0  

0 

5 0 0  

1 5 0 0  

3 0 0 0  

7 0 0 0  

0 

3 0 0  

1 5 0 0  

6 0 0 0  

Oil fed a 
I o d i n e  

IV |1 ll]l){' F 

1 2 4  
8 6  

1 0 7  
89 

1 1 0  
91 

7 1 4  
9 2  

1 1 6  
1 1 5  
1 0 8  
1 0 7  
1 0 8  
1 0 8  
1 0 7  
1 0 8  
1 0 7  
1 1 0  

Peroxide~;  
me.  k s .  

16 
25  
l l  
14 
12 
1 7  
13 
13 

I . U .  v i t a m i n  . \ "  
/g'. t issue 

! 
! Extracted  liquid % a 

- -  i 

" g  

3 
3 3 5  
3 0 0  

2200 
2 0 5 0  

5 l  
7 

36O 
4 0  

1 1 3 5  
7 2 5  

250O 
2 0 5 0  

" i  

4 
4 4 6  
391  

2 5 8 0  
1 7 3 2  

( S . l ) . ) b  I 
. . . . . . . .  I 

1 
:39 
2O 

4 1 3  
2 2 5  

( S . D . )  

3 .1  0 . 4  
3 .0  0 .2  
4 . 6  1 .0  
3 .2  0 .2  
4 .8  0 .9  
4 .2  1 .0  
4 .1  0 .9  
3 .3  0 . 4  

~' Oil fed: c ~ control, untreated soybean oil: o - -  oxidized soybean oil. 
J) ( S . D . ) ,  Standard  Deviat ion.  
" Weanling' rats  (0 day of exper iment)  1 3 6 ( S . 1 ) .  3 6 )  I . U  v i t a m i n  A g. t is<m..  
d W e a n l i n g  rats (0 day of experiment)  2 . 4 ( S . D .  0 . 7 ) ~  l ip id  ex t r a , . t od  f rom liver. 
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Tissue toeopherol content was not affected adversely 
by the oxidized oil. This may be due in par t  to the 
high toeopherol content (10 mg. %) of the diet or 
due to interference from ubiquinone in the assay for 
tocopherol. Bacq and Alexander (19) reported no 
change in tissue tocopherol in rats receiving whole 
body radiation and noted an increase in tocopherol 
as the fat  reserves were mobilized. Though Alfin- 
Slater (2) found that  toeopherol was helpful  in re- 
lieving the " t o x i c "  symptoms in rats fed fried fats, 
Machlin e,t al. (20) reported that  tocopherol did not 
reduce the mortal i ty or pathology of highly-oxidized 
fats fed to chickens. 

I t  should be pointed out that  the oils used in this 
research were much more severely oxidized than the 
fats and oils used in human dietaries in the United 
States. Melnick (21) and Keane et aI. (1) have 
shown that commercial food fats that  have been used 
in commercial f ry ing  are not toxic. 
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Spontaneous Conversion of Gossypol to Anhydrogossypol 
LEAH C. BERARDI and VERNON L. FRAMPTON, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

A n  a l k a l i - f a s t  p i g m e n t  is  p r o d u c e d  a t  r o o m  t e m p e r a t u r e  w h e n  
g o s s y p o l  is d i s s o l v e d  i n  e t h y l  a c e t a t e .  T h i s  p i g m e n t  h a s  b e e n  
i s o l a t e d  f r o m  e t h y l  a c e t a t e  a s  a n  o r a n g e  c r y s t a l l i n e  m a t e r i a l  
a n d  i d e n t i f i e d  as  a n h y d r o g o s s y p o l .  T h e  i d e n t i t y  w a s  e s t a b l i s h e d  
b y  i d e n t i t y  o f  t h e  i n f r a r e d  s p e c t r a  w i t h  t h a t  o f  a u t h e n t i c  a n h y -  
d r o g o s s y p o l ;  b y  e l e m e n t a r y  c o m p o s i t l o n ;  b y  m i x t u r e - m e l t i n g  
p o i n t  b e h a v i o r  w i t h  a u t h e n t i c  a n h y d r o g o s s y p o l ;  a n d  b y  t h e  
i d e n t i t y  o f  t h e  a n i l i n e  d e r i v a t i v e s  p r o d u c e d  f r o m  t h e  o r a n g e  
c r y s t a l l i n e  p r o d u c t  f r o m  e t h y l  a c e t a t e  a n d  a u t h e n t i c  a n h y d r o -  
gossypol. 

G 
OSSYPOL (2 ,2 ' -b i -1 ,6 ,7 , - t r ihydroxy-3-meth  yl-5- 

isopropyl-8-aldehydronaphthyl)  occurs in spe- 
cialized structures in the seeds of speeies of the 

genus Gossyl~ium (3). I t  is present in the seeds of 
upland cotton, G. hirsutum, to the extent of 0 .4-1 .7~ 
(6). This yellow pigment is extracted along with the 
oil in the eommercial processing of cottonseed and is 
found in solution in the oil. 

There is strong evidence that  gossypol so extracted 
is responsible for the undesirable fixed-red coloration 
that  occurs in about 25% of the domestically-produced 
cottonseed oil (1). For  example, it was shown by 
Berardi  and F rampton  that  a large par t  of the gos- 
sypol added to either crude or refined and bleached 
cottonseed oil disappears in a relatively short period 
of time, and in the case of refined and bleached oil 
to which gossypol is added there is a concomitant in- 
crease in fixed-red coloration with an increasing disap- 
pearance of gossypol. Apparen t ly  the initial reaction 
in the fixation of gossypol in refined and bleached cot- 
tonseed oil is of the second order with respect to gos- 
sypol (5).  However none of the gossypol reaction 
products have been isolated from cottonseed oil. 

One of the l~boratories of the Sotlthern Utilization Research and 
Development Division, Agr icul tura l  Research Service, U. S. Depar tment  
of Agriculture.  

Because of the experimental difficulties encountered 
in s tudying the series of reactions which gossypol 
lmdergoes in solution in glyceride oils, some experi- 
mentation has been carried out with simpler systems; 
one of the observations is that gossypol cannot be 
recovered quanti tat ively from ethyl acetate solution 
if the solution is permit ted to age. Several of the 
colored reaction products that  occur in aged ethyl 
acetate solutions of gossypol can be resolved chroma- 
tographically on a cellulose column. One of these 
products is anhydrogossypol. 

Experimental 

An ethyl acetate solution of gossypol (0.5 g./100 
1111.) was permit ted to age in the dark at room tem- 
perature  (25-27 ~ for a month. The unreacted gos- 
sypol was removed from this solution by serubbing 
it with 0.5 N aqueous NaOH which contained a small 
quant i ty  of dithionite. The ethyl aeetate solution 
was then washed with water, dried over anhydrous 
Na2S04, and reduced to a volume of about 5 ml. by 
evaporation on a water bath. A small quant i ty  of 
powdered cellulose was added to this concentrate, 
and af ter  the residual ethyl acetate had evaporated, 
the dried powder was placed on the top of a chro- 
matographic column composed of powdered cellulose. 
The yellow component eluted when the ehromatogram 
was developed with petroleum ether was rechromato- 
graphed on a second cellulose column. Orange crys- 
tals, m.p. 224-225 ~ separated when the eluent from 
this second column was concentrated on a water  bath, 
yield, 10%. They were recrystallized from toluene, 
m.p. 225-226 ~ Ar C, 74.47; H, 5.50; mol. wt. 
(ebullioscopic method in ethanol),  443. Calcd. for 


