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culture fluid, the highest count observed was 
20 cells/mm3. 

Microscopic examination of the spinal cords 
revealed no convincing evidence of neuronal 
damage. In sections from certain monkeys 
that received active virus, however, slight 
round cell infiltration of the meninges was ob- 
served in a few areas (Fig. 1 ) .O 

Discussion. Mild or moderate muscle 
weakness has been observed in human beings 
infected with ECHO types 2 ( 6 ) ,  4(4), 6 ( 2 ) .  
9 ( 5 ) ,  and 16(4)  virus. It is therefore of in- 
terest that in monkeys experimentally inocu- 
lated with ECHO 6 and 16 certain muscles 
were affected. The findings here reported also 
indicate that, just as in man, these 2 repre- 
sentative ECHO viruses are capable of pro- 
ducing in rhesus and cynomolgus monkeys a 

0 We are indebted to Doctors 11. E. Denny-Brown, 
Joseph M. Foley and John M. Craig for examinin): 
secticns of CNS tissues. 

mild meningitis characterized by the presence 
of virus in the spinal fluid and a predomi- 
iian tly inononuclear pleocytosis. 

Surnwnry. In monkeys injected intrathe- 
cally with ECHO virus 6 and 16, clinical 
signs of muscle weakness, pleocytosis of cere- 
brospinal fluid and development of homolo- 
gous neutralizing antibodies were observed. 
These reactions were not detected in 2 animals 
inoculated in comparable manner with sus- 
pensions of these viruses which had been 
heated a t  65°C for one half hour. 
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Reports of changes in coagulability of 
blood associated with post-prandial lipemia 
have thus far been based on test tube methods 
( 1 ,Z) .  Lipemia following ingestion of cream, 
as well as intravenous infusion of cottonseed 

* This study was supported by grant from Chicago 
Heart .4ssn. 

oil emulsion were found by one of us to result 
in significant shortening of whole blood clot- 
ting time in siliconized tubes and of plasma 
clotting time with Russell’s Viper Venom( 3 )  - 
The question presented itself as to whether 
these in vitro findings reflected an increased 
tendency to clot formation in vivo. There- 
fore, a study was undertaken of the effects of 
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intravenous administration of a fat emulsion+ 
upom clotting of stagnant venous blood in the 
anesthetized dog, utilizing the experimental 
approach previously described by Wessler (4)  . 

Material and methods.  All experiments 
were performed on apparently healthy mon- 
grel dogs weighing 2 5  to 48 lb, anesthetized 
with Pentobarbital. Sterile normal saline was 
infused into an antecubital or crural vein 
throughout the experiment. This infusion 
was briefly interrupted (2-3 minutes) only 
when the fat emulsion (10-40 ml) was in- 
jected through the same needle, later in the 
experimental procedure. Femoral and exter- 
nal jugular veins were widely exposed, and 
all demonstrable tributaries ligated and cut, 
thus freeing the exposed vessels from sur- 
rounding structures. All manipulations were 
carried out with greatest possible care so as 
to avoid injury to the vessel wall. Blood was 
trapped in these exposed veins by applying 
seraffine clamps a t  each end: additional 
clamps served to subdivide the vein into 
smaller segments, each containing about 1 ml 
of blood. At selected intervals, one small 
vein segment after another was excised: the 
cointents were emptied into 0.1 34 sodium 
citrate solution in Petri dishes and carefully 
inspected for the presence of a grossly visible 
clot. The first appearance of a fibrin clot, re- 
gardless of size, was taken as the end point. 
The interval from the moment of clamping to 
removal of the segment which contained the 
first noticeable clot was designated as intra- 
vascular clotting t ime (TCT) . Blood samples 
were usually collected from anteculbital vein 
or artery to coincide with clamping of veins 
on each side, as well as immediately preceding 
injection of fat emulsion and toward the end 
of the experiment, i.e., after completing meas- 
urement of ZCT on the second (usually the 
left) side (L in Fig. l ) ,  whereupon the dog 
was sacrificed. Serum total fatty acids, ana- 
lyzed in accordance with Bragdon’s procedure 
( 5 )  ~ were utilized as index of the total lipid 
level. (Serum cholesterol and phospholipids 
were also measured but showed no significant 

t Cottonseed Oil, 15.0; Dextrose, 4.4; Purified 
Soybean Phosphatide, 1.2 ; Water for Injection, q s .  ad 
100 ml. This emulsicn was furnished through 
courtesy of Don Baxter. 

____~_I___ ___II -- - 

TABLE 1. lritravascular Clotting Time (IICT) in 

lnt,ravascular clotting time (niin.) 

10 Fasting Dogs. 

Dog No. First side Second side 

1 
2 
3 
4 
5 
6 
7 

15 
16“ 
18” 

40 
1, 30 

L f 9  

L a’ 

L )’ 
L 40 

5 9  

7 0  

) I  

30 

L 40 
30 

L ” 
I> 

39 

t? 

> 40 
L 40 
E >4.0 
l i  1.5 

1, denotes left side. 
++ Canine serum was inj .  in to  peripheral vein jm- 

rrietliately before measurenient of ICT on left side. 
Vein segments were excised and inspected every 
0.5-1 min. I n  dog 16, reccivixig 120 ml of serum 
for 20 min., no fibrin clot was seen in  any of 5 
available vein segments; in dog 18, receiving 90 1111 
witlniri 2 min., a large clot was present in second 
segment inspected. 

changes incident to the experiments and are 
therefore not recorded.) 

Results.  Fasting values. In 15 fasting 
dogs (Tables I and 11) , ICT usually ranged 
between 30 and 40 minutes. Occasionally, no 
end point was reached, Le., no fibrin clot was 
seen in the last available vein segment (dogs 
7, 20, 2 I ,  23). There was remarkable consis- 
tency of results for the 2 sides of each dog 
(Table I).  

Comparison of pre- and post-injection ICT 
values. In each of 5 fasting dogs (Table 11) , 
fat emulsion was injected rapidly after ICT 
had been measured in the jugular and femoral 
veins of the right side. Two minutes later, 
clamps were applied to the veins of the left 
side for estimation of ICT at  time of marked 
lipemia. ICT was now 5 minutes shorter in 
dogs 8 and 9, which had received 10 ml of 
emulsion, and at  least 10 to 15 minutes 

l ’AT3lZ I I .  Intravascalar Clotting Timi. before 
antl Aftcr Iiitrxveiioiis Triiectioii of FA t Emulsion. 

Jritravaseular clotting tirnc 
(min. ) 

1)og No. Fefore inj. After iii,j.x 

8 3 0 25 
9 

20 > 3 0 20 

35 
21 
23 

Y! J J  

23 1 )  

f ?  

-+ Left jugular and femoral veins were isolated 
by clamps 2 min. after eniulsioii ’had been inj. (10 
nil t o  dogs 8 and 9, 40 ml to the others). 
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Ooq Number 

Fl(;. 1. Rclation of intrawsciihr clottiiig t ini t .  to 
h y ~ ~ ~ l i p w i i a  after intrnv. inj. of fa t  cmiilsioii. 

shorter in the other 3 dogs treated with 40 
ml each. 

Relation of ICl’ values t o  degree 0.f induced 
hyperlipenzia. In 8 dogs, ICT was deter- 
niined in the veins of the right side 2 minutes 
after injection of the emulsion and 30 to 45 
minutes later in the veins of the left side. Tn 
6 of the 8 dogs, ICT was distinctly shorter at  
the peak of induced lipemia than a t  the time 
when this lipemia was clearly subsiding. indj- 
cating an inverse relationship between TCT 
and degree of lipemia in the respective dogs 
(Fig. 1 ) .  In all 13 dogs that received the fat 
emulsion, the immediate post-injection clot- 
ting times were below the lower limit of the 
fasting range, namely, less than 30 minutes 
(Table I1 and Fig. 1 ) .  This was true, with 
2 exceptions (dogs 2 2  and 26) .  even of clot- 
ting times corresponding to the subsiding 
phase of lipemia (Fig. 1 ) .  

Discussion. The observed acceleration of 
clot formation in stagnant venous blood in 
dogs resulting from intravenous infusion of a 
fat emulsion correlates with the increased iii 

z~itro coagulability previously found in asso- 
ciation with either intravenous or oral admin- 
istration of fa t  in humans (3) .  Wessler (6)  
has drawn attention to the fact that reduced 
coagulability, as demonstrated by test tube 
methods, such as the one-stage (Quick) pro- 
thrombin time, does not necessarily mean de- 
creased tendency to thrombosis. He found 
no delay in intravascular clot formation in 
dogs with severely reduced prothrombin ac- 

tivity following Bishydroxycoumarin medica- 
tion. By the same token, shortening of whole 
blood clotting time or of “Stypven” clotting 
time cannot be interpreted necessarily as de- 
noting an increased tendency to thrombosis. 
However, the data just presented do support 
the concept that lipemia results in an in vivo 
hypercoa,qulable state. 

Rapid intravenous infusion of canine serum 
(not plasma!) into dogs was found by Wess- 
ler( 7)-and verified by the present authors 
(Table 1)-to cause clot formation in iso- 
lated veins in less than 2 minutes, as against 
20 to 90 minutes in untreated dogs. His pre- 
liminary conclusion that this remarkable clot 
acceleration was due to active convertin 
(stable factor) in serum was subsequently dis- 
proved by h im(6) ,  and the mechanism of 
serum-induced venous thrombosis is not 
known. Lipemia-induced acceleration of clot 
formation, as observed in our experiments, is 
of much lesser degree but sufficiently distinct 
and consistent to be accorded potential clini- 
cal significance. Thus, when blood flow slows 
in a narrowed vessel. approaching conditions 
that exist in an isolated venous segment, 
namely, stagnation. thrombosis may be fa- 
cilitated or precipitated by lipemia. 

T o  be sure, this lipogenic clot acceleration 
may be specific for the fat emulsion used and 
attributable to certain of its ingredients. 
L4mong them, soybean phosphatide appears 
particularly suspicious since such substances 
have been shown to have platelet-like and 
other clot-promoting activity in vitro ( 2 ) .  De- 
termination of the possible influence of physi- 
ologically induced, that is, alimentary lipemia 
upon ICT would be of much interest, particu- 
larly in view of recent reports describing myo- 
cardial and renal infarcts in rats on high-fat 
diets( 8 ) .  In spite of the preliminary nature 
of the data presented, they would seem to 
suggest added caution in administering intra- 
venous fat emulsions to human subjects, espe- 
cially when a “temporary thrombotic” (local 
or systemic) state(9) may be suspected to 
exist or be impending. 

SummaPy. Intravenous administration of 
a fat emulsion has been found to accelerate 
substantially the formation of a fibrin clot in 
isolated venous segments of anesthetized dogs. 



CHOLESTEROL ABSORPTION 5 19 

T h k  finding is interpreted as implying that 
induced lipemia may contribute to, or result 
in: an in vivo hypercoagulable state. 
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In earlier studies ( 1,2) a tentative mechan- 
ism of cholesterol absorption was proposed 
in which it was postulated that transfer of 
cholesterol from lumen of intestine to lymph 
involves complete mixing with a pool of free 
cholesterol in the intestinal wall. Free choles- 
terol may be drawn from this pool for synthe- 
sis of lymph cholesterol esters and as a struc- 
t u rd  component of chylomicron. The data 
in those studies were obtained by feeding 40- 
44 mg ~ h d e s t e r o l - 4 - C ~ ~  and determining 
changes taking place in both chemical and ra- 
dioactive cholesterol fractions in the lumen, 
intestinal wall, and lymph. Under such con- 
ditions there was a marked increase in total 
lymph cholesterol in comparison with a fast- 
ing animal over 24 hour period, and of total 
chollesterol, SO-SO% was esterified. Adminis- 
tration of 1-3 mg cholesterol-4-C14 dissolved 
in oil does not produce a chemical increase in 
total lymph cholesterol or change in percent 
estcsrified cholesterol over feeding of fat alone 
(3-5). Comparison of data obtained with 
administration of 40-44 mg cholesterol-4-C14 
with that obtained by other workers(3-5) 
using 1-3 mg suggested that the latter amounts 
should be considered as tracer doses which 
labeled the endogenous cholesterol in the lu- 
men and later the free cholesterol pool of 

*This study supported by grants from Am. Heart 
Assin. and'the PHS. 

intestinal wall. Thus, appearance of choles- 
terol-4-C4 in lymph appears to be a measure 
of reabsorption of endogenous cholesterol 
when fat alone is fed rather than a measure 
of exogenous cholesterol absorption. In this 
context, large doses of cholesterol-4-CIL4 em- 
ployed in our earlier experiments ( 1,2) would 
be considered as absorptive doses since they 
increased pool size and turnover rate of free 
cholesterol in the mucosa and produced in- 
creases in levels of lymph cholesterol fractions. 
To test above suppositions and supply addi- 
tional data on free cholesterol pool, the effect 
of feeding a small (tracer) dose of cholesterol- 
4-CL4 on size and labeling of free and ester 
cholesterol pool of intestinal wall and of cho- 
lesterol fractions of lymph have been deter- 
mined. 

Methods and materials. Rats with thoracic 
lymph fistula were prepared and given saline 
to drink( 1) .  Twenty-four hours after opera- 
tion each animal received, by gastric intuba- 
tion without anesthesia, 3 ml of aqueous emul- 
sion containing 50 mg albumin, 150 mg glu- 
cose, and 3.27 mg cholesterol-4-CI4 (0.5 pc) 
or one containing these constituents plus 292 
mg oleic acid and 279 mg sodium taurocho- 
late. Lymph was collected from 0-6 hours 
following administration of test meal and ani- 
mals were sacrificed. The intestine was re- 
moved, washed, sectioned, and lipid extracts 
of intestine and lymph were prepared as de- 


