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One milliliter of ricinoleic acid, triricinole- 
in, or methyl ricinoleate was administered by 
gastric intubation to thoracic duct-cannu- 
lated rats. The lymph was collected over a 
48-hr period, the lipids extracted from it, and 
separated into the various lipid classes by a 
combination of ion exchange and silicic acid 
and thin-layer chromatography. The fatty 
acid composition of each class was deter- 
mined. The results indicated that ricinoleic 
acid was present in the triglyceride, digly- 
ceride, monoglyceride, and free fatty acid 
fractions and reached a peak absorption with- 
in 30 hr after administration. Ricinoleic acid 
was not found in either the phospholipid or 
cholesterol ester fractions of the lymph lip- 
ids. The presence of hydroxy acids in the 
neutral lipid fractions exerted no particular 
influence on the general fatty acid composi- 
tion of the lymph lipids when compared to 
the lymph lipids from animals that had re- 
ceived a fat-free diet. 

Dietary fats which contained long-chain 
liydroxy acids have been shown to influence 
the mixed fatty acid composition of rat car- 
cass fat (1) .  A small percentage of the hy- 
droxy acids was deposited and the remainder 
converted mainly to monoenoic acids. Both 
saturated and unsaturated hydroxy acids 
were apparently converted to monoenes. A 
larger amount of octadecenoic and hexade- 
cenoic acids seemed to be deposited and a 
preferential excretion of stearic and linoleic 
acids appeared to occur in animals fed a 
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source of hydroxy acids in comparison with 
those fed a source of linoleic acid. The 
changes in the fatty acid cosmposition which 
occurred in the lipid classes within the lipids 
of lymph when ricinoleic acid or its analogs 
were administered by gastric intubation to 
thoracic duct-cannulated rats were deter- 
mined in the present study. 

Experimental Methods. A permanent tho- 
racic duct cannulation was carried out ac- 
cording to the method of Bollman (2) on 
male rats with a minimum weight of 400 g. 
Intramedic polyethylene tubing (PE SO) 
which had been previously wetted with a 1% 
heparin solution was inserted into the main 
thoracic duct of the rat under anesthesia with 
Nembutal (5 mg/100 g body weight). The 
rats were kept in restraining cages and al- 
lowed free access to saline solution (0.8% 
sodium chloride in distilled water), and a 
fat-free diet (3)  for 24 hr. 

One milliliter of the test fat was adminis- 
tered with the aid of a stomach tube to a 
slightly anesthetized rat 24 hr after the oper- 
ation. The fats were prepared as previously 
described ( 1 ) , from concentrates of triricino- 
lein prepared from castor oil2. Lymph was 
collected in 15-ml centrifuge tubes kept in an 
ice bath and a fresh tube was used after 1, 
3, 4, 8, 12, 16, 20, 24, 30, 36, 42, and 48 hr 
of collection. The lymph was defibrinated 
with a glass rod and kept under refrigeration. 

The lipid was extracted from the lymph 
by three extractions of 20 vol each of a 2:  1: 2 
chloroform: methanol : diethyl ether solvent 
system. The combined extracts were dried 

2The triricinolein concentrate, as well as the ric- 
inoleic acid and methyl ricinoleate, had the following 
composition: 16:0, 1.9%; 18:0, 1.2%; 18:1, 4.9%; 
18: 2, 6.2%; ricinoleic acid, 84.8%. 
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over anhydrous sodium sulfate, filtered, and 
the solvent removed under vacuum. Each lip- 
id sample was weighed and stored at  0' un- 
der nitrogen until required for further analy- 
sis. 

The free fatty acids present in the lymph 
lipids were removed with Amberlite IRA-400, 
a strong anion-exchange resin, using a mod- 
ification of Hornstein's method (4) .  The re- 
maining lymph lipids were fractionated on 
silicic acid columns ( 5 ) .  Triglycerides con- 
taining hydroxy acids were removed from the 
phospholipid fractions with the aid of a sec- 
ond silicic acid column as previously de- 
scribed (6).  The homogeneity of these frac- 
tions was determined by thin-layer chromato- 

Methyl esters were prepared from the fatty 
acids of lymph lipids by transesterification 
as described for the preparation of methyl 
ricinoleate (1). The methyl esters were an- 
alysed by gas chromatography as previously 
described ( 7). 

Results and Discussion. The administra- 
tion of triricinolein and ricinoleic acid to rats 
resulted in the incorporation of ricinoleic 
acid into the triglyceride, free fatty acid, and 
mono- and diglyceride fractions of lymph 
lipid in varying proportions (Table I ) .  The 
administration of either methyl ricinoleate, 
ricinoleic acid, or triricinolein to lymph- 

graphy - 

cannulated rats appeared to exert very little 
effect upon the rate of absorption of these 
materials or the rate of formation of mono- 
glycerides, diglycerides, or triglycerides from 
the substrate. Methyl ricinoleate appears to 
be hydrolyzed as easily as the triglyceride. 
The period of maximum formation of mono- 
di- and triglycerides from methyl ricinoleate 
and ricinoleic acid was at 30 hr after inges- 
tion. However, when the maximum appear- 
ance of free fatty acid formed by hydrolysis 
of methyl ricinoleate and triglyceride was 
measured, it was found to be at  24 hr. 

Further data obtained for the distribution 
of ricinoleic acid among the lipid classes in 
total lymph samples 48 hr after sample ad- 
ministration is shown in Table 11. Ricinoleic 
acid was incorporated more extensively into 
the triglyceride and mono- and diglyceride 
fraction than when the triglyceride moiety 
was fed, or 24 and 41.5% respectively. These 
differences in incorporation may be due to 
the different mechanisms of digestion and ab- 
sorption of ricinoleic acid and triricinolein. 
Triricinolein may undergo inadequate emul- 
sification in the intestine and subsequently 
limit absorption in the intestinal mucosa 
while dietary ricinoleic acid may undergo 
limited absorption into the intestinal mucosa 
but once within the mucosal wall is apparent- 
ly transformed into triglycerides as readily as 

TABLE I. Incorporation of Ricinoleic Acid into Lymph Lipids." 

Substrate administered 

Collection of Methyl ricinoleate (%) Ricinoleic acid (%) Triricinolein (%) 
lymph lipids 
(timeinhr) TGb M&DG" FFAn TG M&DG TG M&DG FFA 

~~ 

- 6.1 12" 
16 3.9 3.6 21.1 6.3 6.0 5.8 4.7 10.4 
20 19.0 - 36.8 11.6 16.9 9.7 8.8 16.6 
24 - 20.2 49.9 19.9 24.6 15.8 13.9 22.7 
30 32.9 27.9 34.3 26.1 38.5 20.5 18.3 17.3 
36 24.3 22.2 18.8 17.2 20.9 13.6 11.4 10.2 
42 10.9 7.6 3.2 9.9 7.3 6.3 5.9 4.2 

- - - - 5.4 - 

a The results are the average of the three determinations. Maximum variation between deter- 
minations was & 0.6%. 

Triglycerides. 
Mono- and diglycerides. 
Free fatty acids. 

" Significant amounts of hydroxy esters were not present in earlier samples. 



RICINOLEIC ACID INCORPORATION I N T O  LYMPH LIPIDS 1371 

TABLE 11. Incorporation of Ricinoleic Acid into Lymph Lipids." 

Mono- and 
Triglyceride Free fatty acid diglycerides 

Fa t  administered ( % I  (%) (%) 

Triricinolein 
Ricinoleic acid 
Methyl ricinoleate 

10.6 
23.9 
21.9 

10.2 
12.6 
48.3 

10.0 
41.5 
17.8 

a Percentage of occurrence within the total fatty acid composition of that fraction after 48 
hr. Numerical avcrages of three animals from each group. 

the mono- and diglycerides. Methyl ricino- 
leate appears to be handled in much the same 
way as the triglyceride, and it is apparently 
more readily hydrolyzed to the free acid. 

The observation that ricinoleic acid was 
not found in the cholesterol ester fraction of 
the lymph from rats fed triricinolein, ricinole- 
ic acid, and methyl ricinoleate may be ex- 
plained by the results obtained by Whyte, 
Karmen, and Goodman (8) .  They deter- 
mined the distribution of the total chylomi- 
cron fatty acids among the liver lipid classes 
after feeding a labeled dietary fat and found 
that the glycerides contained 92% of all fatty 
acid, lecithin 676, and cholesterol esters 
1.8%. These percentages were remarkably 
similar, regardless of the type of fat adminis- 
tered; that is, labeled acids in olive oil or in 
corn oil. However, less than 2 %  of exogenous 
fatty acids were incorporated into the 
cholesterol ester fraction of the chylomicron. 
A limited absorption of ricinoleic acid from 
the small intestine would tend to further in- 
hibit its esterification and reduce the 
amounts of ricinoleic acid in the cholesterol 
ester fraction. 

The absence of ricinoleic acid in the phos- 
pholipids may be explained in a similar man- 
ner. During the intestinal absorption of long- 
chain fatty acids, a small fraction of the 
absorbed fatty acids usually appears in 
lymph as chylomicron phospholipid. The ex- 
tent to which this occurs for each major fatty 
acid under different dietary conditions is not 
entirely clear. However, from the results of 
studies (9-15) on both rats and human sub- 
jects, about 2-6% of the administered ex- 
ogenous fatty acid radioactivity was usually 
incorporated into lecithin. Clement and Mead 
(16) also have reported a low recovery of 

radioactivity ( 1-6%) in lymph phospholipids 
after feeding oleic acid 14C. 

Since such a small fraction of absorbed 
fatty acids appears in the phospholipid, and 
especially since the rate of absorption of ric- 
inoleic acid is slow, the presence of ricinoleic 
acid in the phospholipid fraction of lymph 
lipids is unlikely and this was indeed shown 
to be the case when dietary triricinolein, ric- 
inoleic acid, and methyl ricinoleate were fed. 
A similar observation was reported by Ste- 
wart and Sinclair (17) who indicated that ric- 
inoleic acid was not present in the phos- 
pholipids of the small intestine, liver, or mus- 
cle. The hydroxy acids, when fed via stomach 
tube, exerted no significant influence on the 

TABLE 111. Fatty Acid Composition of Lymph 
Lipid Fractions before and after Administration of 

Ricinoleic Acid in Rats." 
~ ~ 

Lipid fractions 
Endogenous lipid after feeding 

fractions (%) ricinoleic acid ('3%) 

Lipid Triglyc- Free Triglyc- Free 
class eride fatty acid eride fatty acid 

c12:o 0.5 
C14 : 0 1.2 
C15 : 0 0.8 
C16:O 38.6 
C16 : 1 1.9 
C18:O 16.8 
C18:l 31.1 
C18 : 2 5.3 
C18 : 3 3.8 
R-A - 

1.6 
1.7 
1.5 
39.2 
1.7 
16.0 
28.2 
6.9 
3.2 
- 

0.6 
1.5 
0.4 
31.9 
2.2 
14.3 
24.4 
4.4 
3.1 
17.2 

0.8 
1.1 
0.7 
32.3 
1.6 
15.5 
25.5 
5.7 
2.3 
14.5 

a Percentage of total fatty acid composition in 
that fraction collected for 36 hr. The results re- 
ported are the average of three determinations in  
each group. 
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general fatty acid composition of the lipid 
classes of lymph lipid as shown by the com- 
parison of the triglyceride and free fatty 
acid fractions with and without administered 
ricinoleic acid (Table 111). The fatty acid 
composition of the lymph lipids obtained in 
this way was, with the exception of the 
presence of ricinoleic acid, comparable to 
that obtained from animals fed a fat-free diet 
during the experimental period. 

The authors thank Dr. M. Osajima for performing 
the lymph cannulations. 
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