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liter of fal l ing hypophase revealed that the early 
fractions were highest in l inolenate content (Table 
I I ) .  No contaminant  was detectable in the first five 
samples. However,  it may be that means of detection 
more sensitive than those employed would yield evi- 
dence of trace impurities.  The upper l imit of solu- 
bil ity of l inolenate in the aqueous medium was near 
0.3% (1.3% on the basis of derivative wt) .  A prod- 
uct  (15.81 g) of purity  above 99% methyl  l inolenate 
which represented 70% of the total amount  isolated 
in the experiment was recovered in the first 6 liters; 
of  the l inolenate originally present 22.47 g or 89 .8~  
was removed in 12 liters. In a typical  bromination- 
debromination procedure (7) about 10% of the lin- 
olenie acid in the starting linseed oil is isolated. 

Isolation of a Polyunsaturated Fraction from Fish  
Oil. A (9 g) clear liquid concentrate of highly un- 

D 1.4821) was saturated esters (iodine value 395, n,o 
obtained from 50 g of the mixed methyl  esters of 
pilchard oil by the mercuric acetate procedure. The 
first 4 liters of 10% methanol  to pass through the 
ether layer carried more than 90% of this material. 
After  alkali isomerization of a portion of the con- 
centrate for 15 min with 21% KOH-glycol  absorp- 
t iv i ty  values at 346g and 3151, were 33.0 and 44.5, 
respectively. Unfortunately ,  the absorbance of the 
isomerized sample was not read at 375~ to obtain 
data on hexene. 
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Fraction a ~Vei r  

ff 
Original c . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 . 1 3  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 2 . 8 3  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 4 3  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 9 2  
4 .................................... 2 . 8 6  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 4 1  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 3 6  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0 1  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 6  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 1 . 2 0  

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! . 87  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' .65 
12  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58  

F i n a l "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 . 8 5  

Composition b 

Linolenate: Linoleate 

5 1 . 0  1 5 . 7  
1 0 0  .. . . . .  
1 0 0  . . . . . .  
1 0 0  . . . . . .  
1 0 0  .. . . . .  
1 0 0  

9 9 . 1  0 .9  
9 7 . 8  1 .6  
995 
9 8 . 4  
9 8 . 0  2 [0  
9 5 . 7  3 .2  
9 5 . 2  3 .9  

8 .7  30 .1  

Oleate 

9~ 
22.1 

0.6 

I.i 
0.9 

43.7 

a E a c h  of the fractions 1 - 1 2  w a s  extracted from the ether e p i p h a s e  
with 1 liter of 10',/( aqueous methanol  which  had been equil ibrated with 
ether. 

b T h e  composit ion in terms of weight  (~ w a s  calculated from the gas  
chromatographic  peak areas  determined by mult iplying the peak height 
X the width at half-height. 

r T h e  original  mixed esters contained 1 .4% pahnitate and 3,8t/c ste- 
arate:  the res idual  esters contained 11.79~ pahnitate and 5.8rfi stearate.  
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�9 Letters to the Editor  

Evidences for Fat Secretion in 
of the Fish 

the Intestine 

I N THE COURSE of an experiment concerning the "in 
vivo"  incorporation of C14-1abeled acetate into fish 

fat ty  acids, the intestinal and body fat  from a group 
of fish kept on a fat free diet was studied. Two 
fresh water fish (Pimelodus maculatus, Bagre)  were 
fed a fat-free ration similar to that described by 
Kel ly  et al. (1) except that fish meal (VioBin  Corp., 
Ill.) was substituted for egg albumen. Both the starch 
and fish meal in the diet were extracted with acetone. 
The fat  content of the entire diet was determined to 
be 0.2 g /100 g. After  10 weeks Oll that ration the fish 
were injected intraperitoneally with 0.18 m c / k g  of 
body wt of sodium 1-C14-aeetate. The fish were sac- 
rificed 24 hr later and their nmscle artd liver lipids 
were first extracted by the method of Fo]ch et al. (2) 
and then fraetionated on silicic acid into triglycerides 
and phospholipids.  The ]ipids in the intestinal lumen 
were washed out according to the procedure of Irwin 
et al. (3) and Deuel  et al. (4) .  Fat ty  acid composi- 
t ions were ascertained by gas liquid chromatography 
on a column of 10% ethylene glycol adipate polyester 
on ehromosorb P (Johns-Manville,  New York)  using 
argon as the carrier gas. Fat  samples mounted oil 
frosted glass planchets were tested for radioactivity 
in a GM counter, Model D-47 (Nuclear Chicago Corp., 
Ill.) with a "Mieromi l"  window, up to 10,000 counts. 

The lipids collected from the intestines amounted 
to 16 and 25 mg, respectively. The fact that the)" 
were radioactive proved mlequivocal ly that, as it has 
been demonstrated in the rat (5) ,  fat is secreted into 
the intestinal lumen of the fish. The fat ty  acid conl- 

Fatty  Acid Composit ion of Muscle Tri~lycerides  and Intest inal  Lipids  
of Fat  Free  Diet Fed Fish ( in moles % ) a  

Fat ty  
acid b 

12 to 1 4  
1 5 : 0 r  e 
1 5 : 0  
1 6 : 0 r  ~ 
1 6 : 0  
1 6 : 1  
1 6 : 2 o r  1 7 : 0 r  e 
1 7 : 0  
1 6 : 3  or 1 7 : 1  el" 
l 8 : 0 71 or c d 
1 8 : 0  
1 8 : 1  
1 8 : 2  
1 8 : 3  
1 9 : 0  
1 9 : 1  ? 
1 8 : 4  ? 

M u s c l e  
triglyc- 

I erides 

1.8  
0 .8  
0 . 6  

2 0 . 0  
0 .2  

6 .7  
0 . 6  
0 . 4  

0 .4  
7 .3  

5 4 . 2  
2 .8  
0 .2  
tr. 
0 .2  
0 .2  

Intestinal 
l ipids 

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

1 5 . 5  
3 . 6  
0 .7  
5 .3  

5 .0  
4 3 . 8  

1.3 

4 .5  
0 .3  
0 .2  

Fatty  
acid'b 

2 0 :  
2 0 :  
2 0 :  
2 0 :  
2 0 :  
2 1 :  
2 0 :  
20 :  
2 2 :  
2 2 :  
2 2 : 4  
2 2 : 5  
22  : 5 '  
2 2 : 6  

Muscle I lntest ina 1 
tri~'lYe-ides I l ip ' ids  ' 

tr. 4 .1  
1 .8  tr. 
O.1 tr. 
0.3  0 .3  
0 .2  0 .4  

2 .3  
";~:g t r .  
0.2  0 .4  
t r .  . . . . . .  
tr. 
tr. 0 .5  
r 0.3 

0 .3  
0 .3  0 . 7  

I 
a Fat ty  acid composit ion of liver triglycerides w a s  very similar to 

that of muscle  triglycerides and consequently  not shown.  
b T h e  number  before the colon s tands  for tile nunlber of carbons in 

the chain. The number  after the colon indicates  number  of double 
bonds.  

c r - -  iso acids. 
d n o r  e s tands  for neo or cyclic acids, 
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position of the intestinal lipids showed, wheu com- 
pared  to that  of muscle and liver tr iglycerides (see 
Table) ,  a strong similarity,  in spite of the presence 
in the intestine of around 2 0 ~  of odd-chain f a t t y  
acids. The view is advanced that  these odd-chain 
f a t t y  acids couhl be brought  about by the aetiml 
of the intestMal bacteria. The differem.es foul,1 
anlong the specific radioact ivi ty levels of the intesti- 
nal lipids (36 cp m / m g) ,  muscle tr iglycerides (11 
e p m / m g ) ,  and liver tr iglycerides (91 cpm/ll lg) would 
indicate that  the intestinal lipids do not arise di- 
rectly f rom nmsele or liver lipids, but f rom a pool 
constituted by fats f rom various sources as could be 
the blood lipids. 
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Charring Conditions for the Quantitative Analysis 
of Mono-, Di-, and Triglycerides by 

Thin-Layer Chromatography 

I N OUR 5IETttOD for the quant i ta t ive analysis of moRe-, 
di-, and triglyeerides by TLC (2) it \vas observe(I 

that  equal amounts  of these compounds gave spots of 
different intensities on charr iug fa r  out of proport ion 
to the differences ill their carbon densities. Fur ther -  
more, unsa tura ted  glycerides gave much darker  spots 
than saturated glyeerides. These observations made it 
necessary to recommend the use of pure  reference con> 
pounds as s tandards  for  the TLC analysis of more-, 
di-, and triglycerides. For  precise results, it was rec- 
ommended fur ther  that  the sample be hydrogenated 
prior  to analysis so that  sa turated reference eom- 
Imunds could be used. 

When the charr ing process is carried out by heating 
the chromatoplates on a hot plate (up to 360C) af ter  
spraying  them with 50% aqueous sulfuric acid as 
commonly practiced (2), the amount  of char (yield of 
carbon) in each spot represents a balance between 
two processes: evaporat ion and oxidation. 

Sa tura ted  glycerides give le~  intense spots than 
unsatura ted  glyeerides because, being more resistant 
to oxidation, more evaporation can occur in these 
compounds prior  to their oxidation to carbon. Since 
there is a great  difference in the volati l i ty of more-,  
di-, and triglycerides, the differences in the intensity 
of the charred 'spots of equal amounts of these eoln- 
pounds can be explained on the basis of the relative 
amount  of evaporat ion that  occurs prior  to their  oxi- 
dation to earbon. 

T A B L E  I 
T L C  Ana lys i s  of Mono-, Di, and  T r i p a h n i l i n  * 

)5onopalmi t in  ................................... 
D i p a l m i t i n  ........................................ 
T r i p a l m i t i n  ...................................... 

K n o w n  
(% wt) 

32.0 
35.6 
32.4 

F o u n d  

180C I 
(chromic-  [ 260C 
s u l f u r i c )  ( su l fu r i c )  

33.3 I 26.1 
33.0 ) 33.6 
33,7 40.3 

* D e t e r m i n e d  oa  s epa ra t e  ehroma~oplates  a~ an  R f  va lue  of approxi-  
ma te ly  0.5 ( 2 ) .  

When the charr ing is carried out below 200C and 
with a more powerful  oxidizing agent than 50% 
aqueous H2S04 such as chromic-sulfuric acid (1), the 
amount of evaporation prior  to (.harring is insignifi- 
cant. Mono,, (li-, and tr iglycerides give spots of equal 
intensities af ter  correction for differences in their  
carbon densities (Table l ) .  Unsaturation,  pet" sec, 
also has no effect on the yiehl of carbon lulcler t}lese 
conditions of (.barring as demonstrated by the an- 
alyses of t r ipalmit in and triolein (Table I [ ) .  

TABLE II 

] )ens i tomete r  A n l l y s  s of T r i p a h n i t i n  and  Tr io le in  at 180C wi th  
Chromic-Sul f  uric  Acid 

~,I't of Tr ipa lmi t in ,  * Triolei~,  
sample  p e a k  a r e a  peak  a r e a  

(~g) 

2.0 22.0 (10 .7 )  22.5 
5.0 45.0 (23.8) 50.0 

10.0 102 (50.4) 106 
15.0 137 (65 .0 )  137 
20.0 182 (86 .4 )  182 

�9 P~esults in  b r acke t s  on t r i p a l m i t i n  w e r e  obta ined by  c h a r r i n g  the 
spots  on a hot  plate  wi th  50c/~ HeSOt  ( 2 ) ,  

The spray  reagent used in the above analyses con- 
sisted of a sa turated solution of K2CR207 irl 80% (by 
wt) H2S04. The ehromatoplates are sprayed l ightly 
with the reagent, then heated at 180C for  25 mira 

I t  should be noted that  separate solvent systems are 
used for  the analysis of moRe-, di-, and tr iglycerides 
(2) ill order that  the analysis of each component may  
be made at approximate ly  the same R~ value. 
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