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Intestinal Lymphatic Transport of: Absorbed Cholesterol.’ (19167) 
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One of the many facets of cholesterol 
metabolism which needs clarification is more 
detailed information concerning tbe absorp- 
tion and transport of ingested cholesterol. A 
large body of evidence has accumulated to 
demonstrate that oral cholesterol is partially 
absorbed. The quantitative aspects of this 
absorption, however, seem to depend upon 
such factors as: (1) the experimental animal 
used; (2) the presence or absence of fat in 
the diet; ( 3 )  the flow of bile; (4) lthe physi- 
cal state of the cholesterol administered; and 
(5) the method of assaying the absorbed 
cholesterol ( 1-4). 

Bloom and co-workers(5) have demon- 
strated the importance of the lymph oircula- 
tion in the transport of absorbed fatty acids. 
Since fat and cholesterol absorption appear 
to #be linked in some as yet undefined way, it 
is of importlance Ito know whether or not the 
transport of absorbed cholesterol occurs via 
the lymphatics and thoracic duct as well. The 
investigation to be described herein was de- 
signed to determine whether the Ithoracic 
duct lymph is an important vehicle for the 
transport of absorbed cholesterol to the sys- 
temic circulation. 

Experimental. The intestinal lymph was 
mllec.ted in normal male adult rats (Long 
Evans) according to the technic described by 
Bloom et d ( 5 ) .  Briefly, this consisted of 
the introduction, under ether anesthesia, of a 
plastic cannula (O.D.: 0.06”) into the ab- 
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domind segment of the thoracic duct. A sec- 
ond cannula was fixed in the stomach by a 
purse string suture. This #stomach tube al- 
lowed the htroduction of the experimental 
mixtures of fat and tritium-cholesterol, The 
animals were maintained in restraining cages. 
In  this way, a continuous collection of lymph 
could be obtained from unanesthetized animals 
for a period of 48 hours. The rats were al- 
lowed to drink 0.4% NaCl solution ad lib. 

Six rats were selected Ifor the experiment. 
Rats No. 1 and No. 2, following cannulation 
of the lthoracic duct, were each given 15 mg 
of #tritium labeled cholesterol(6) (SA = 0.61 
pc/mg) dissolved in 3 cc of oleic acid through 
the gastric cannula. The lymph flow ftmm 
these 2 animals was collected over a 12 hour 
period. At the end of this time the animals 
were sacrificed following removal of a blood 
sample of approximately 8 a. The lymph 
collected was subdivided into samples cor- 
responding to time increments of 0 to 2 hours, 
2 to 6 hours, and 6 to 12 hours. Rat No. 3 
was used as a control animal. A sham 
operation was performed but ,the thoracic duct 
was not intubated. Fifteen mg of &olesterol 
(5A = 0.61 m/mg) in 3 cc of oleic acid were 
administered as above. This animal was 
killed after 12 hours; a sample of whole bloocl 
was obtained. The lsamples of lymph and 
whole blood were processed for tritium-chol- 
esterol specific activity as previously de- 
scribed (4,7). Rats No. 4 and No. 5 received 
20 mg of tritium-cholesterol (SA = 0.61 
rc/mg) in 4 cc of olive oil after cannulation 
of the thoracic duct. The lymph was c o l 1 ~ -  
ted for 48 hours in two time increments, 0 
to 24 hours and 24 to 48 hours. At the end 
of the 48 hour experimental period the ani- 
mals were sacrificed. A sample of whole 
blood and the livers were retained for exami- 
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TABLE I. r )  

Cholesterol spc- pc in total Yo of administered 
Rat Sample Chol&erol cifie mtivity sample activity in total 
X o .  Wt, g desigiiatioii content (pc/mg) X 10-2 cliolesterol sample cholesterol 

367 Uombined 
307 ) (0-2 hr) lymph 

Combined 
(2-6 hr) lymph 

Combined 

Wliole blood 
(6-1'2 hr) lYlii1)h 

) 9  . *  

> '  9 '  301 
265 (0-24 hr) lymph 

(24-48 hr) 
Whole blood 
Liver 

289 (0-24 111 . )  lymph 
("4-48 I1r) ' ' 
Wl1ole bloocl 
Liwr 

283 Wlrole blood 
Li ver 

.83 mg 

2.48 ) ' 

3.25 ,' 

73 lllg yo 
6 i  " 

81 " 

9.5 nig 
5.3 ) '  
80 mg % 

17.5 iiig 

5.3 ) ' 

3.i  )' 
73 mg % 

14.2 m g  
66 nig 70 

19.1 rrig 

2.84 

5.38 

6.09 

K.D.t 
S.D.  

.50 
5.98 
3.46 

.067 
SIT6 

4.61 
3.29 
S.D.  

.o 18 
1.52 
1.40 

2.36 X 10-2 

.133 

.198 

approx. .ll?i* 
.569 
.184 
.013" 
.013 
246  
A21 

.003 
-322" 
,267 

.26 

.73 

1.09 

approx. 1.24 
4.66 
1.51 
.ll 
.11 

2.012 
.99 

.03 
2.64 
2.19 

-_ - - 
'' Hstimated usiiig :a tOt:tI blood yolunie of T.5 cC/lOO g riit. 
t Soik-dctec.table. 3Iwsured clcc troiiieter drift WIS lms tliaii two tiincs background. Samples con- 

: Control. 
t:iined less tlifiii 2 X 10-4 FLc'/uig. 

nation. Rat No. 6 received only the sham 
operation. It was given 20 mg of tritium- 
cholesterol as above, and was killed at the 
end of 48 hours. The liver and a whole blood 
sample were preserved for cholesterol specific 
activity determination. 

Results. -4 summary of the collected data 
is given in Table I. -4 total of 2.08% 
of the administered dose of tritium-cholesterol 
was recovered in the cholesterol of the intes- 
tinal lymph (collected for 12 hours) of rats 
KO. 1 and KO. 2 ;  however, no tritium-chol- 
esterol could be demonstrated in the blood of 
either animal. On the other hand, the blood 
cholesterol of the control rat (So. 3)  at  the 
end of 12 hours had a specific activity of 
0.50 x 10" pc/mg. This activity would ac- 
count for approximately 1.24% of the ad- 
ministered dose in the circulating blood. 

The lymph cholesterol collected during the 
first 24 hours as well as that collected during 
the second 24 hours in rats No. 4 and No. 5 
showed a high specific activity. The com- 
bined lymph collected during the 48 hour 
peniod contained 6.17 % of the (administered 
tritium-cholesterol in the case of rat No. 4, 

and whole blood cholwterol of these 2 animals 
contained only insignnificant amounts of ac- 
tivity. Control animal No. 6 hiad tracer 
cholesterol in the blood and liver after 48 
hours to account for approximately 4.83% 
of the administered dose. 

The specific activities of the free and esteri- 
fied components of the lymph cholesterol (first 
24 hours) was determined for rats No. 4 and 
No. 5. (Rat No. 4: Free dholesterol4A 
= 5.01 X lo-* pc/mg; esterifid cholesterol- 
SA = 6.80 X pc/mg. Rsat No. 5: Free 
cholesterol-S,4 = 3.74 X lW x/mg;  esteri- 
fied cholesterol-SA = 5.56 X 1W2 .c/mg). 
The esterified cholesterol contains B signifi- 
cantly #higher specific activity than the free 
cholesterol. 

Discussion. In !the experimental animals 
with thoracic duct fistulae the cholesterol re- 
covered from the lymph had a specific #activity 
more than 45 times as great 'as the specific 
activity of bhe m u m  or liver cholesterol. The 
intestinal lymph must itherefore be quantita- 
tively the most important pathway for the 
transport of absorbed cholesterol to the serum, 
and hence to the body organs. Since it has 

and 3.01% .in the case of rat KO. 5. The liver been demonstrated that tohe blood and liver 
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contain a large portion of the cholesterol 
absorbed ,following a labeled cholesterol meal 
(4), the overall data may -be evaluated to show 
that at least 90% of the cholesterol absorbed 
as such during the experimental period studied 
was recovered in the lymph samples collected 
from rats No. 1, No. 2, No. 4, and No. 5 .  In  
view of *the probable presence of anastamotic 
lymph channels draining lymph into the sys- 
temic circulation via routes which would not 
be shunted by a cannula in the thoracic duct, 
the data strongly suggest that all food choles- 
terol may be transported normally via the 
lymphatics to the systemic circuleation. 

Only a small fraction of the amount of 
cholesterol orally sadmlinistered is labsorbed 
in the intact animal and i t  lhas been demon- 
strated as well that cholesterol absorption oc- 
curs slowly over a. period of many hours, even 

days(4,7). Thus, the low percentage of @he 
administered tritium-chole$terol dose which 
was recovered in the lymph samples, bloods, 
and livers of t>he experimental animals was to 
be expected. 

It is noteworthy that the highest specific 
activity of cholesterol recovered from the 
lymph, 5.98 x 1 W  ccc/mg in the case of rat 
No. 4, is only approximately one-tenth ithe 
specific activity of the cholesterol fed. This 
large dilution must arise primarily from 
cholesterol of endogenous origin. 

Summary. Exogenous cholesterol after its 
intestinal absorption was found to be con- 
veyed into the systemic circulation ,by the 
lymph of the thoracic duct. Little or no 
transport occurred via the portal venous sys- 
tem. 
__ 
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Since 8 - (isopropylaminoamylamino) - 6 
methoxyquinoline, pentaquine or SN 132 76? 
has some activity against Trypanosoma cruzi 
infections in mice( 1,2) ,  it seemed desirable to 
test the chemically related and less toxic 
8- (4-amino- 1-methylbutylamino) -6 methoxy- 
quinoline, primaquine or SN 13 2 7 2 ,  against 
this same trypanosome. This drug has been 
recently tested against vivax malaria ( 3 ) .  
Preliminary successful results in the early 
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stages of T .  cruzi infection in mice are pre- 
sented in this paper. 

Materials and methods. A highly virulent 
strain of T. cruzi (Tulahuen strain), isolated 
in 1945 from a human case in the north- 
ern part of Chile, was used. Following ob- 
servationjs on the genetic, constitution of mice 
in relation to their susceptibility to T .  cruzi 
(4), the trypanosomes have been transferred 
regularly every 10 days for the past year into 
male mice (about 8 weeks old, weighing 18-2 1 
g) of the genetically pure C3H strain (Jack- 
son Memorial Laboratories). After a stand- 
ardized intraperitoneal injection of about 
2 0 0 , W  trypanosomes in 0.4 ml citrated 
mouse blood, trypanosomes appear in the 
blood in 6 to 8 hours, remain scarce for several 
days, suddenly increase in number at 4 to 6 
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