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Digestion, Absorption and hletabolism of Chiinyl Alcohol F e d  as Free 
Alcohol or as A1 kosydiglyceride.* (25353) 

I t  was shown previously (1.2) that after 
feeding free chimyl alcohol clissol~~ed in olive 
oil to rats or to human beings, the ether link- 
age was broken in the intestinal mucosa so 
that about 50% of radioactivity in lymph was 
associated with palmitic acid and the remain- 
der of chimj.1 alcohol was present partlj- as 
chimyl alcohol and partly as esterified. This 
finding together with structural similarity of 
chimyl alcohol with a monoglyceride makes it 
possible to study whether a real synthesis of 
glycerides takes place in the intestinal con- 
tents and the f o r m  in which dietary triglycer- 
ides are absorbed into the intestinal mucosa. 
In  the present report the course of hydrolysis 
and synthesis of alkoxydiglycerides in * ~ l i z ~ o  
was followed after feeding labelled chimyl dio- 
leate or free chimyl alcohol to rats. Further- 
more metabolism and distribution of chimyl 
alcohol in the rat has been followed. 

Methods.  Labelled material : Preparation 
of U- ( l-CI4) -hexadecylglyceryl ether (chimJ-1 
alcohol j was carried out mainly according to 
Holmes et al. (3) as described earlier ( 1 , 2  ) . 
Radioactive chimyl dioleate was prepared by 
esterification olf a- ( 1 -C1,) -hexadecylglyceryl 
ether with oleic acid chloride in pyridine. Acid 
chloride was prepared from osalyl chloride. 
Free fatty acids were removed by passing the 
mixture through Arnberlite IRA-400. The 
neutral material was then applied in benzene 
tol a silicic acid column and eluted with suc- 
cessive portions of benzene. benzene: chloro- 
form (85: 1 5 )  and chloroform. Alore than 
95% of radioactive material was eluted with 
benzene. The  diesterified chiniyl alcohol 
(chimyl dioleate) thus behaved as a triglyce- 
ride. This chromatographic behavior of alkox- 

* Supported by grants from Swedish Cancer Soc. 

ydiglyceride has been described ( 1 , 2 ) .  La- 
belled chimyl alcohol was fed as free alcohol or 
as chimyl dioleate dissolved in olive oil. I n  
c:ne series ( A )  intestinal contents were ana- 
l!-zed during absorption phase 2-4 hours after 
administration. I n  another series (€3) dis- 
tribution of activity in liver lipides and ex- 
pired C'O: was determined 24 hours after ad- 
niinistration. Finally in some experiments 
( ( ' 1  distribution of activity in lymph lipids 
was followed after feeding chimyl dioleate. 
-4. Rats were fed 0.5 ml oif 2 %  solution of 
chimyl dioleate or chimyl alcohol in olive oil 
by stomach tube. Animals were killed 2-4 
hours after administration, and contents of 
small intestine were washed out with saline 
into dilute hydrochloric acid. Total fa t  was 
estracted 3 times with 2 volumes of ether. 
Separation of free fatty acids and glycerides of 
recovered lipides was performed on columns 
of Amberlite-IRA-400. A further separation 
of glycerides into tri-, di-, and monoglycerides 
was made on columns of silicic acid (4 ) .  I n  
this separation chimyl dioleate followed the 
triglycerides, chimyl monooleate the diglyce- 
rides, and chimyl alcohol the monoglyceride 
fraction. B. I n  some experiments the same 
solutions as in Exp. A were fed to rats, expired 

was collected and isotope content deter- 
mined as described earlier ( 5  j . For compari- 
son chimyl alcohol was injected intravenously 
and expired C 0 2  collected. At different time 
intervals 24-72 hours, the rats were sacrificed 
and the organs analyzed. I n  the present pa- 
per only data on excretion of radioactivity in 
the breath are given. C. I n  a few experi- 
ments. labelled chimyl dioleate dissolved in 
olive oil was fed to rats with a thoracic duct 
fistula. The  technic for collection of lymph 
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TABLE I. Coinposition and 7soto1w Content in Lipides Recovered from Tritestinal Washings 
after Feeding Free C14-Labelled Chimp1 Alcohol Dissolved i n  Olive Oil to 2 Rats. Animals were 
killed after 2 and 4 hr respectively. Exp. A a n d  E. Free chirriyl alcohol followed the monoglyeer- 

ides in separation 011 silicic acid. Specific xctivit7 of fed mixture 569 cpnn/mg. 

Spcci fie activity, yo of total 
(2"- activity Ch romatographie yo of total lipides cpm/mg 

fractions A R A 13 A B 

Triglyc crides 33.6 16.5 147 21 3 14.4 13.G 

Monoglycerides 22.4 30.0 1060 870 68.8 51.7 
niglgcerides 33.6 13.2 240 836 16.3 31.0 

Free fat ty  acids 30.4 50.3 6 27 .5 3.7 

and 
( 1 ) .  

the analyses of lymph has been described 

Results. Composition of lipides recovered 
from contents of small intestine of rats fed 
free chimyl alcohol or chimyl dioleate dis- 
solved in olive oil is summarized in Tables I 
and II. Although there are great variations, 
values for the different components agree well 
with those of Desnuelle and Constantine (6)  ? 

Mattson et al .  ( 7 ) ,  and Borgstrlom (8).  Mono- 
glyceride values represent total monogly- 
cerides including free chimyl alcohol. Chimyl 
alcohol with one fatty acid attached is in- 
cluded in the diglyceride fraction and chimyl 
alcohol with 2 fatty acids attached follows 
the triglyceride fraction in sep,aration on sili- 
cic acid. 

In Table I results of activity determinations 
of different mono-, di-, and triglyceride frac- 
tions and of free fatty acids are summarized. 
No significant activity was associated with 
free fatty acids and none was found in the 
fatty acids of different glyceride fractions. in- 
dicating that radioactivity in the different 
glycerides is due to the chimyl alcohol com- 
ponent of these fractions. 

When radioactivity of the glyceride frac- 
tions is considered (Table I ) ,  lit appears that 
the mcnoglyceride fraction has the highest 
specific activity and the triglyceride fraction 
the lowest. However, the radioactivjty asso- 

ciated with the di-, and triglyceride fractions 
is significant, and in Exp. B specific activity 
of the diglyceride fraction is even higher than 
that of the fed mixture, indicating a synthesis 
of glyceride ester bonds taking place simul- 
taneously with hydrolysis. 

Experiments in which chimyl dioleate dis- 
sclved in corn oil was fed are summarized in 
Table 11. After feeding this mixture signifi- 
cant amounts of label were obtained in mono-. 
di-, and triglycerides. Because no significant 
activity was assolciated with the free fatty 
acids, no synthesis of glycerides from labelled 
fatty acids could have taken place. Of the 
glycerides the diglyceride fraction had the 
highest and the triglyceride fraction the low- 
est specific activity. The monoglyceride frac- 
tion, which includes free chimyl alcohol, had a 
relative specific activity olf 158 ?L indicating 
a concentration of free chimyl alcohol, in 
which both original fatty acids had been re- 
leased by enzymatic action. The results thus 
indicate that fatty acids in 1- and 2-position 
of the alkoxydiglyceride had been attacked by 
enzymes present in the intestinal content. 

The results of same lymph experiments are 
given in Table 111. About 75% of radioac- 
tivity in the lymph was present as glyceride 
fatty acids and about 2 %  as phospholipid 
fatty acids. About 25% of lymph activity 
was present as chimyl alcohol ud which more 

TABLE 11. Suniniary of Anttlyses of T1ltestirl:d Contents of 2 Rats after Feeding C"-Labelled 
Chiniyl Alcohol Esterified with Olcie Acid (Cliiniyl Diolente) ant3 Dissolved in Olive Oil. Rats 
were sacrificed after 4 hr, and total f a t  s cp ra t ed  into trj-, di-, arid monoglycerides on silicic 
:wid. In  this sep;lratioii chimyl dioleate follovetl the triglpcerides and free chimyl :tlcoliol ths 

nionoglycrride fr;lction. Specific activity of fed mixture 1747 cpni/mg. 

Triglye t> r i t l w  27.3 34.7 1748 33.0 

Monoglyceri clcs 18.0 16.4 274.:3 34.0 
Free fat ty  acids 52.7 47.3 27 .9 

Diglyeeri des 13.0 I1 .fi 3571 33.1 
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TABLE 111. Recovery and Distribution of Radioactivity in Lymph Lipids after Feeding (3''- 
IJabelled Chimyl Dioleate Dissolved in Olive Oil to 2 Rats with a Thoracic Duct Fistula. 

r-% of activity in lymph lipids recovered as:- 70 of absorbed 
% of admin. ac- nctivitr recovered Clr imvl :ilcohol Triglyceride Phospholipid 
tivity absorbed in I~iiipli lipids Fret. Esterificd fatty acids fatty acids 

sn 
85 

than two-thirds was present as esterified 
chimyl alcohol. These results are similar to 
those obtained earlier ( 1 2 )  after feeding free 
chimyl alcohol to rats. 

Appearance of CI4 in expired CO, is shown 
in Table 11'. A significant difference in rate 
of metabolism of chimyl alcohol and palmitic 
acid is demonstrated. Chimyl alcohol is 
metabolized to CO, only half as fast as pal- 
mitic acid. After intravenous injection of 
chimyl alcohol. there is a rapid appearance 
of labelled CO, demonstrating widespread oc- 
currence of enzymes capable of splitting the 
ether bond. 

Our results with free chimy1 
alcohol (Table I )  clearly show that jncorpor- 
ation of free fatty acids into chimyl alcohol 
with formation of alkoxydiglycerides is due to 
synthesis of new glyceride-ester bonds. These 
experiments thus with a different approach, 
support earlier findings of Borgstriim( 7 )  that 
a resynthesis of glyceride ester bonds occurs 
simultaneously with the hydrolysis in the lu- 
men of small intestine. Our results therefore 
give no support to the statement of Reiser and 
Dieckert(9) that no significant amount of 
fatty acid exchange occurs in the intestinal 
lumen of rat during fat digestion. 

The results of analyses of intestinal con- 
tents tolgether with lymph analyses of this and 
previous investigations ( 1,2 ) clearly indicate 
the dynamic situation in the intestine. In  the 
intestinal lumen, ether linkage is intact during 

TABLE IV. Excretion of Radioactivity in Breath 
by Rats after Feeding: A. Paliiiitic a ~ i d - 1 - C ~ ~  dis- 
solved in olive oil, B. Ci4-labellec1 chimyl alcoliol 
esterified with oleic aejd (chiniyl diolente) clissolvecl 
in olive oil, and C. Intrav. inj. of f ree  C"-lubellccl 

chimyl alcohol. Figures are the iiic:~ns of 2 esp. 

Cumulative yo of total 
Hr after radioac tivity aclmin., 

Discussion. 

KXl ' .  dose excreted as C140, 

A 
B 
C 

24 16 
24 8 
24 24 

the whole absorption process, but once ab- 
sorbed into the intestinal mucosa more than 
50% of the compound is rapidly converted 
into palmitic acid. indicating a splitting of the 
ether bond. 

Our results (Table 111) indicate that fatty 
acids in both 1- and 2-position in the alkoxy- 
diglyceride molecule are exchanged during hy- 
drolysis by pancreatic enzymes in vivo. Ap- 
parently an equilibrium is soon reached be- 
tween synthesis and hydrolysis of mono- and 
di-esterified chimyl alcohol and free chimyl 
alcohol. 

Earlier resynthesis of glyceride ester bonds 
during hydrolysis of glycerides has been evi- 
denced for the step 1,Z-diglyceride to tri- 
glyceride and a synthesis from a 2-monoglyce- 
ride has appeared likely( 8,lO). The  present 
results clearly indicate that a synthesis from a 
1 -monoglyceride is possible, because signifi- 
cant amounts of radioactivity were associated 
with the triglyceride fraction after feeding 
free chimyl alcohol. 

Our results must be considered as proof that 
glycerol monoethers can be absorbed un- 
changed. However, the results also indicate 
that chimyl alcohol is absorbed with one or 2 
fatty acids attached. This finding indicates 
that dietary glycerides are absoirbed as a mix- 
ture of mono-, di-, and triglycerides and free 
fatty acids( 11). The  important roile of the 
intestinal mucosa in formation of final prod- 
ucts which are fed into the intestinal lymph 
is emphasized in our investigation. 

Summary. 1. C1"-labelled chimyl alcohol 
((L- '1-Cl4 '-hexadecylglyceryl ether) has been 
fed as free chjmyl alcohol or as chimyl dio- 
leate to rats. Tntestinal contents and thoracic 
duct lymph lipids have been analyzed and ex- 
pired CO. has been collected. 2. Mixed ether- 
glycerides have been isolated from the intes- 
tinal contents after feeding free chimyl alco- 
hol dissolved in olive oil, indicating a synthe- 
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sis of new glyceride ester bonds. 3 .  Free la- 
belled chimyl alcohol has been isolated from 
the intestinal contents after feeding labelled 
chimyl dioleate indicating an exchange and 
release of fatty acids in both 1-, and 2-position 
in the mixed ether-glyceride. 4. In lymph 
lipids more than half the radioactivity was 
associated with palmitic acid, indicating a 
splitting of the ether bond in mucosa cells. 
5. I t  is concluded that chimyl alcohol can be 
absorbed unchanged but that it is extensively 
metabolized already in the mucosa cells, 
whether it is fed as free chimyl alcohol or as 
an alkoxydiglyceride. 
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Inhibition of Gastric Secretion in the Rat by Normal Human Gastric Juice.* 
(25354) 

RENE MENGUY AND WILLIAM 0. SMITH (Introduced by James F. Hammarsten) 
Depts. of Surgery and Medicine, Univ. of Oklahoma Medical Center and V e t .  Admin.  Hosp., 

Okla. Ci ty  

Presence of a substance in normal human 
gastric juice which inhibits Heidenhain pouch 
secretion in dogs when administered intra- 
venously has now been well established ( 1,2). 
This substance is not dialyzable, is resistant 
to boiling and is largely inactivated by drastic 
acidification ( 2 ) .  It appears to inhibit spe- 
cifically hydrochloric acid and water secretion 
( 2  ) . Studies aimed a t  identification and iso- 
lation of the active substance have been hin- 
dered by certain disadvantages inherent to the 
Heidenhain pouch preparation. Of these, the 
foremost is gradual development of gastric 
atrcphy after the animal received several in- 
jections of gastric juice(3 ) .  Our purpose was 
to determine the feasibility of using the py- 
lorus ligated rat preparation (4) for determina- 
tion of inhibitory activity of lxeparations of 
normal human gastric juice. 

Materials and methods.  Gatstric juice was 
* The authors acknowledge valuable technical as- 

sistance of Howard Guiles. 

collected from hospital patients previously 
found free of any gastrointestinal pathology. 
Following an overnight fast, a 4 hour collec- 
tion of insulin stimulated gastric secretion was 
carried out. Immediately after collection, the 
juice from several subjects was pooled, dia- 
lyzed 36 hours against distilled water and lycr- 
philized. Approximately 1 mg of material/ 
1 ml of gastric juice was obtained. Immedi- 
ately prior to use, this material was resus- 
pended in normal saline and brought to pH 
7.0. Gastric secretion was measured by py- 
lorus ligation technic(4) in 65 male Holtzman 
rats weighing 160 to 220 g. Prior to experi- 
ments, rats were fasted 48 hours in individual 
cages with wide mesh wire bottoms. Water 
was given ud lib. Rats were operated upon 
under light ether anesthesia, and pylorus was 
ligated with a 4-0 silk ligature. Rats were 
divided randomly into control group and 3 
treatment groups. Control rats were given 1 
ml olf normal saline; treated rats received 


