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Resolution of Aortic Atherosclerotic Infiltration in the Rabbit by 
Phosphatide Infusion.” (23300) 

~ I E Y T E R  FRIEDXAS, SANFORD 0. EYERS, AND RAY H. ROSENMAN 
i larold Rruiirz Inst i tutr ,  M t .  Zion Hospital ,  Sun Francisco, Calif. 

Earlier studies from this laboratory( 1.2) 
have demonstrated that a sustained rise in 
the plasma phospholipid of either the rat or 
rabbit, induced by intravenous infusion of a 
suitable mixture of phosphatides. quickly 
leads to a hypercholesteremia in these species. 
A third study(3) also demonstrated that this 
phosphatide-induced hypercholesteremia could 
occur almost as well in the liverless as in the 
intact animal. This last finding of course 
indicated that the infused phosphatide was 
bringing into the blood. cholesterol from parts 
of the body other than the liver. 

In view of these findings. it was thought 
advisable to determine whether a series of 
phosphatide infusions, administered to rab- 
bits previously made hypercholesteremic and 
atherosclerotic by dietary ingestion of choles- 
terol, might alter the cholesterol content and 
extent of their aortic atherosclerotic process. 

Methods. Two series of hypercholesteremic 
rabbits were studied. A very moderate hy- 
percholesteremia was induced in the first 
series of 10 healthy male rabbits (avg age: 6 
weeks; appx wt: 1500-1800 g) by placing 
them on Purina rabbit chow, containing 1% 
cholesterol and 270 cottonseed oil, for a pe- 
riod of 3 months. A very severe hypercholes- 
teremia was induced in the second series of 14 
rabbits by adding 3% cholesterol and 4% 
cottonseed oil to their Purina rabbit chow 
for a period of 3 months. At the end of this 
period, both series were returned to their reg- 
ular rabbit chow diet. Plasma samples were 
taken before and then monthly after the high 
cholesterol feeding had been begun and 
analyzed for cholesterol (4 ) .  Monthly plasma 
samples also were obtained after the diet had 
been discontinued. Three months after ces- 
sation of excess cholesterol and oil feeding, 
the hypercholesteremia observed during the 
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cholesterol feeding had disappeared. At this 
time. for control purposes, 4 rabbits of the 
second series were sacrificed and their aortas 
were examined for gross atherosclerosis and a 
segment of it was analyzed for cholesterol. 
This segment (1 cm in length) was taken a t  a 
site uniformly 3 cm distant from the semi- 
lunar valves. For additional controls, the 
aortas of 5 completely normal rabbits were 
analyzed for total cholesterol content. The 
average plasma cholesterol of the remaining 
rabbits of both series was calculated for only 
the period of high cholesterol feeding by av- 
eraging the 4 samples obtained just prior to, 
and for 3 successive months, respectively, 
while they were on the special diet. These 
latter values then were employed to divide the 
rabbits of each series into pairs, of which each 
member had approximately the same degree 
of previous hypercholesteremia. After this 
was done, a plastic cannula (external di- 
ameter: 1.5 mm) was inserted under ether 
anesthesia into the external jugular vein of 
each rabbit. The catheter then was filled 
with saline, temporarily sealed a t  its open end 
and. by tunnelling beneath the skin of the 
neck, was brought out into the right external 
auditory canal. Folding of the ear with ad- 
hesive then protected the catheter from acci- 
dental displacement. Approximately one 
week after insertion of the cannula, 5 of the 
10 rabbits of the first series and 5 of the 10 
rabbits of the second series were placed in re- 
straining cages and given rapidly via their 
catheter, 1 5  ml of a 4% suspension of phos- 
phatidest in 5% dextrose, normal saline solu- 
tion, followed by continuous infusion of the 
same fluid at  a rate of 5 ml/hour for 10 hours. 
‘The remaining paired rabbits of each series 
were similarly treated except they received 
only the dextrose, normal saline infusions. The 
animals were rested for 48 hours and then the 
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TABLE I. Effect of Repeated Infusions of Phosphatide Suspension upon Atherosclerotic Infil- 
tration and Cholesterol Content of Rabbit Aorta. 

Avg plasma cholest,erol 
(mg/100 nil) r-~Aor t a p ,  

No. of cholesterol Beginning Athero- Cholesterol 
During 

Procedure rabbits feeding of exp. sclerosis (g/lOO g )  

Kormal rabbits 5 

Hypercholestercmic 
Seyies I 

( a )  Dextrose infused (control) 5 

(b) Phosphatide infused 5 

( a )  Not infused (control) 4 
Series I I  

(b) Dextrose infused (control) 5 

( c )  Phosphatide infused 5 

175 14.2 

187 f 15.6 
( 151-205) 

(147-280) 

1119 3 .42  

942 f 52 

1006 3 . 6 1  

(821-1329) 

(759-1081) 

(802-1270) 

64 f 6 
(52-84) 

72 2 7.5 

76 -e 6.4 
(65-92) 

(66-88) 

72 & 6.8 

68 3. 7.2 

71 f 6.2 

(58-82) 

(62-78) 

(58-76) 

0 .4 2 .03 
(.35-.44) 

.8 (.5-1:5) .60 .02 
(A9-.72) 
.40 2 .02 0 
(.37-55) 

5 16.1 2 1 . 2  
( 12.9-18.4) 

(4.7-2 2.7) 

(.8-6.2) 

4.4 (4-5) 12.8 3.2.9 

1.4 (5-3)  3.1 t -91 

infusion was again repeated. All rabbits of 
the first series received 4, and those of the 
second series, 5 infusions. Plasma samples 
usually obtained before and at  the end of 
each infusion were analyzed for total choles- 
terol and phospholipid ( 5 ) .  At the end of the 
series of infusions, each of the treated rabbits 
and its paired, untreated control were sacri- 
ficed. The entire aorta of each was assessed 
visually for degree of aortic atherosclerosis 
according to an arbitrary scale of 0-5. A grade 
of 1 was employed to describe an aorta having 
20% of its total internal surface involved in 
the atherosclerotic process; a grade of 2,  to 
describe an involvement of 40%, etc. Thus a 
grade of 5 was given to an aorta exhibiting 
almost total involvement. In addition, a seg- 
ment of aorta was obtained, air dried, and 
analyzed for its total cholesterol content ( 6 ) .  

Results. The infusion of phosphatide was 
found, as previously reported ( 1,2), to elevate 
both the average plasma phospholipid and 
cholesterol. Thus in a typical infusion, the 
average plasma phospholipid of the rabbits of 
both series was raised from 110 to 750 mg/ 
100 ml and the cholesterol from 58 to 120 
mg/lOO ml. This hypercholesteremia, how- 
ever, was a temporary phenomenon and 
usually disappeared within the succeeding 48- 
hour period. The animals appeared to ex- 
hibit no ill effects from the repeated phos- 

phatide infusions. 
When the 5 treated rabbits of the first 

series and their paired controls were autop- 
sied and their aortas examined, it was immedi- 
ately apparent that in each pair, the treated 
rabbit exhibted no detectable atherosclerotic 
infiltration (Table I ) .  However, 4 of the 5 
paired rabbits receiving only dextrose-saline 
solution exhibited a slight but significant de- 
gree of infiltration in the arch of the aorta 
and about the orifices of the intercostal ar- 
teries. The cholesterol analyses of these 
aortas confirmed the gross findings (Table I) 
in that the aortas of the treated rabbits con- 
tained considerably less cholesterol than those 
of their paired controls. Indeed, in this first 
series no significant difference, either in gross 
appearance or in cholesterol content, was ob- 
served between the aortas of the treated ani- 
mals and those of normal rabbits. 

Similar changes were observed in the aortas 
of the treated rabbits of the second series. 
Whereas the group of 4 control rabbits sacri- 
ficed before the infusion and the group of 5 
rabbits given only dextrose infusion both ex- 
hibited intense and widespread confluent 
atherosclerotic infiltration of the aorta, ex- 
tending in most instances from the semilunar 
valves down to the bifurcation, the aortas of 
the 5 treated rabbits (infused with phospha- 
tide suspension) exhibited only scattered and 
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FIG. 1. Aortic segmclits of rabbit S o .  912 ( l e f t )  
arid rabbit So. 920 (right ) .  Avg pl:tsiiia ~ l io lcs -  
tcrol coritcnt of raI)bit S o .  912 during pr ioc l  of 
cholestt.ro1 fecdiiig W:IS 1174 iiig,'lOO cc and tlint 
of rahbit No. 920 w : ~  11 39 rng/lOO cc'. Rabbit Xo. 
920 rcbceivecl 3 iiifusioiis of ~) l io>pl ia t i ( l (~ suspcii- 
sioii. h b b i t  So. 9 1 L' rcwivcvl oiily tlcstrosc-snliiic 

ii if  iisioii. 

far less exuberant plaques (Fig. 1 ) .  .As was 
expected from the gross findings. the average 
cholesterol content of the aortic segments of 
the control rabbits infused with dextrose- 
saline solution was 4 times as great as that 
found in comparable aortic segments of the 
rabbits treated with phosphatide. 

Discussion. The difference observed in the 
present studies, between the aortas of previ- 
ously hypercholesteremic rabbits given infu- 
sions of phosphatide suspension and those of 
the controls, was marked and striking. Tn 
the first series of rabbits made moderately 
hypercholesteremic. neither atherosclerotic in- 
filtration nor excess cholesterol in the aorta 
could be detected after four infusions of phos- 
phatide. However, 4 of the 5 paired controls 
exhibited some atherosclerosis and excess 
cholesterol in their aortas. 

Perhaps even more dramatic changes were 

observed in the second series of rabbits. These 
rabbits, previously made intensely hyper- 
cholesteremic and then infused with phospha- 
tide, exhibited far less atherosclerotic infiltra- 
tion and far less excess cholesterol in their 
aortas than was observed in the aortas of con- 
trol rabbits of a similar degree of hyper- 
cholesteremia. This was true regardless of 
whether these latter rabbits were examined 
before the period of phosphatide infusions or 
after a comparable period of infusions with 
dextrose-normal saline solution. In view of 
these findings, infusions of suitable phospha- 
tide suspensions appear to us to have possible 
therapeutic value. 

Apparently, as we suggested in a preceding 
study( 3 ) , the temporary hypercholesteremia 
induced in our rabbits during the infusion of 
phosphatide represents a mobilization of 
cholesterol in plasma, derived in part a t  least 
from their aortic deposits of cholesterol. This 
excess cholesterol in turn probably was taken 
up by their livers( 6): converted to bile acids 
( 7 )  and hence excreted. 

Siimnzary. Intermittent intravenous infu- 
sion of a phosphatide emulsion into 2 series of 
previously hypercholesteremic rabbits ap- 
peared to effect a marked resolution of their 
atherosclerotic infiltration and cholesterol de- 
posit as judged by the findings in paired, un- 
treated animals. 

We wish 'to express our tbanks for the technical 
assistance of Betty Tsai, Warren Hayashi and Clar- 
ence Qmoto. 
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