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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 
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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 
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anhydrogossypol: C, 74.66; H, 5.46; tool. wt., 482. 
Mixture melting-point with anhydrogossypol prepared 
according to the method of Miller and Adams (4), 
225-226.5 ~ Mixture melting-point with anhydro- 
gossypol prepared in accordance with the method of 
Clark (2), 225.5-226.5 ~ 

An ethyl acetate solution of gossypol (0.5g./100 
ml.) was refluxed under N2 for 3 days. The solvent 
was removed under reduced pressure, and the residue 
was taken up in diethyl ether. The unreacted gos- 
sypol was removed from the ethereal solution by 
scrubbing it with 4% aqueous Na2COa containing a 
small quantity of dithionite. The ethereal solution 
was then dried with anhydrous Na2S04 and concen- 
trated on a water bath. Orange crystals separated 
when the solution was cooled. They were recrystal- 
lized from toluene. A n a l . :  C, 74.23; H, 5.56; m.p., 
227-228 ~ Mixture melting-point with anhydrogos- 
sypol prepared according to the method of Miller 
and Adams (4), 226-227 ~ 

AnhydrogossypoI from each of the preparations 
was converted to dianilinogossypol by the method of 
Clark (2). Each crystalline preparation was dried 
in  vacuo at 50 ~ Melting points of anils prepared 
from anhydrogossypol derived from ethyl acetate so- 
lutions were 275-276 ~ and 274.5-276 ~ respectively, 
and of an anil prepared from anhydrogossypol pre- 
pared in accordance with the method of Miller and 
Adams, 267-268 ~ Mixture melting-point with gossy- 
pol anil preRared in accordance with the method of 
Miller and Adams, 268-269 ~ 

The infrared spectra of all of the anhydrogossypol 
preparations, as determined in KBr discs and also 
in cyclohexane solution with a Beckman IR-2T spec- 
trophotometer, were identical. 

Discussion 
Anhydrogossypol and several other alkali-fast prod- 

ucts are formed spontaneously at room temperature 
when gossypol is dissolved in ethyl acetate whereas 
gossypol can be recovered quantitatively from ben- 

zene, toluene, cyclohexane, diethyl ether, and chloro- 
form solutions of gossypol even when these are boiled 
under reflux for 3 days. Only 10-25% of the gos- 
sypol dissolved in ethyl acetate can be recovered if 
the solution is boiled under reflux for 3 days. 

The fate of the water removed from gosypol on 
its conversion to anhydrogossypol was not determined. 
Apparently it was not involved in the hydrolysis of 
ethyl acetate since very carefully-conducted poten- 
tiometric titrations failed to reveal the presence of 
acetic acid in any of the solutions containing 
anhydrogossypol. 

It  is noteworthy that anhydrogossypol is not re- 
nloved by alkali washing when it is added to refined 
and bleached cottonseed oil unless the alkaline solu- 
tion is stronger than 2.5 N. Anhydrogossypol has 
not been separated from or identified in off-colored 
cottonseed oil. 

Kinetic studies of the fixation of gossypol in cot- 
tonseed oil indicate that the reactions involved may 
be relatively simple (5). Comparable studies of the 
spontaneous conversion of gossypol in ethyl acetate 
solution to other products, including anhydrogos- 
sypol, do not lend themselves to any simple interpre- 
tation. Apparently the spontaneous conversion of 
gossypol to other products is much nlore extensive 
in ethyl acetate than in cottonseed oil. 
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OPTI~U~ CONDITIONS FOR SEPARATION IN GAS CHRO~ATOG- 
P~APHu J.  C. Giddings (Dept. of Chem., Univ. of Utah, Salt 
Lake City 12, Utah) .  Anal. Chem. 32, 1707-1711 (1960). A 
procedure is outlined in which the separation function (a quan- 
titative measure of the extent of separation) can be mathe- 
matically optimized with respect to the variables that influence 
the ehromatogram. By using a simplified plate height expres- 
sion for packed columns, optimum column length, flow veloc- 
ity, temperature, particle diameter, and pressure are either 
derived or discussed. The optimum values of flow velocity, 
pressure, tube diameter, temperature, and thickness of the 
liquid layer are derived for capillary columns. The method 
may be extended to other variables and techniques. The prob- 
lem of minimizing the analysis time is discussed, and a method 
of obtaining the variables for this is presented. 

SIMPLE AUTOXIATIC VALVE )"OR CONSTANT VOLUME COLLECTION 
IN COLUX[X CHRO2~IATOGRAPHY. G. J .  N e l s o n  ( D o n n e r  L a b .  o f  
Biophys. and Med. Phys., Univ. of Calif., Berkeley). Anal. 
Chem. 32, 1724 (1960). The valve stem is constructed entirely 
of Teflon and encloses a soft iron core which opens the valve 
when the coil is activated by the photocell. The spring is stain- 
less steel and prevents the valve from lift ing too high and 
obstructing the flow through the outlet. The eluent collecting 
tube is made of a constant bore glass tubing 1 cm. in outside 
diameter. Thus, the volume collected in each fraction may be 
continuously varied, simply by raising or lowering the position 
of the photocell along the tube. 

IONIZATION DETECTORS FOR GAS OHKOMATOGRAPltY. P .  H .  S t i r l i n g  
and H. t to (Canadian Ind., Ltd.) .  Ind,. Eng. Chem. 52(11), 
61A-64A (1960). Gas chromatography separates complex mix- 
tures into a series of dilute binary mixtures with the carrier 
gas. The usual differential detectors, such as the thermal con- 
ductivity cell or the gas density balance, sense the small changes 


