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Previous studies (1-4) from this laboratory 
have indicated that a primary increase in 
plasma phospholipid concentration induces a 
secondary increase in plasma free cholesterol 
concentration. Since an elevation in plasma 
phospholipid is observed in almost all vari- 
eties of clinical hypercholesterolemia, i t  seems 
possible that in certain varieties of hyper- 
cholesterolemia, an initial dysfunction occurs 
in phospholipid metabolism, which then in 
turn effects a sequential rise in the plasma 
cholesterol. Indeed, from our own studies 
(S), it  would appear that the primary cause 
of a t  least one variety of hypercholesterole- 
mia, namely that observed after biliary ob- 
struction, is the initial rise in plasma phos- 
pholipid occurring after such obstruction. 

I n  view of this experimentally observed 
sequential relationship of hyperphospholipi- 
demia and hypercholesterolemia, and in view 
of the observation (6) that dietary choles- 
terol depressed 32P uptake by liver phos- 
pholipids in rats, we thought i t  of interest to 
study labeling of hepatic phospholipid in var- 
ious states associated with alterations in the 
plasma level of cholesterol, namely following 
experimental elevation of plasma phos- 
phatide, biliary obstruction, administration of 
clofibrate (7, 8) and induction of a hy- 
pothyroid state (9-13). 

Methods and Materials. A .  Infusion of 
Lecithin. Male rats of the Long-Evans strain, 
8 weeks of age and weighing approximately 
290 g, were divided into experimental groups, 
designated I, 11, and I11 together with cor- 
responding groups of control animals desig- 
nated I-C, 11-C, and 111-C. Each Group con- 
sisted of 5 animals. 

All rats were maintained on laboratory 
chow (Simonsen Farms “Green Diet”) until 
4:OO p.m. prior to day of use; food was then 

withdrawn. The morning after food with- 
drawal each rat was anesthetized with ether 
and a polyethylene catheter was inserted into 
the iliolumbar vein. The  rat  was then placed 
in a restraining cage (14) and the free end 
of the catheter was connected to a constant 
infusion pump. At the start of the infusion 
period each rat received 2 ml of infusion 
fluid within approximately 15 sec. The infu- 
sion was continued thereafter at the rate of 1 
ml/hr until termination of the experiment. 
The  experimental animals received an  infu- 
sion of 5.2% crude brain lecithin1 (15) in 
0.85% NaCl, adjusted to p H  7.3 with NaOH. 
Control animals received the same volume of 
0.85% NaCl. At indicated times after the 
start of infusion, each rat  received a single 
injection of carrier-free 32P as neutral or- 
thophosphate in 0.85% NaCl administered 
through the intravenous catheter. The dose 
was identical for all rats in a group and their 
corresponding controls, however, some groups 
received a dose of 0.21 mCi/rat, others 
greater amounts up to 0.5 mCi/rat. 

Group I rats were infused with lecithin and 
Group I-C control rats with 0.85% NaCl for 
6 hr. Both groups received orthophosphate- 
‘j2P a t  the end of the fifth hour of infusion. 

Nutritional Biochemical Co., “Animal lecithin 
90% pure.” The hypercholesterolemic effect of this 
material is comparable to that of a variety of 
phospholipids (1.5). When chromatographed on a 
thin layer of silica gel H and developed with chloro- 
form-methanol-acetic acid-water, 95: 35 : 3  :4, 3 spots 
were seen after sulfuric acid char. The largest, con- 
taining approximately 80% of the total phosphorus, 
was located where phosphatidyl choline was expect- 
ed; the other two spots were comprised in about 
equal amounts of material located where sphingo- 
myelin and lysolecithin would be expected. No spots 
corresponding to phosphatidyl ethanolamine or phos- 
phatidyl serine were observed. 
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Group 11 experimental and Group 11-C con- 
trol rats received lecithin or NaCl for 12 hr 
and received or thopho~phate-~~P at  the end 
of the sixth hour of infusion. Groups I11 and 
111-C rats received lecithin or NaCl for 24 hr 
and received or thopho~phate-~~P at  the end 
of the 18th hour. 

At the end of this infusion period, each 
animal was bled from the aorta into a syringe 
containing heparin. In  order to flush residu- 
al blood from the liver, 0.85% NaCl solution 
was injected retrograde through the superior 
vena cava. The blanched liver was removed, 
sealed in a polyethylene bag, and preserved 
frozen until analyzed. 

B. Biliary obstruction. Seventeen rats 
(Group IV)  similar to those described above 
were subjected to double ligation of the com- 
mon bile duct, ligation thus obstructing the 
flow of both bile and pancreatic juice. Sixteen 
control rats (Group IV-C) were subjected to 
sham operation during which the bile duct 
was manipulated with forceps. Eighteen hr 
after operation, the rats of both groups re- 
ceived carrier-free 32P orthophosphate by in- 
jection into the penis vein. Six hr later, the 
rats were bled, killed, and the liver was re- 
moved and frozen until analyzed. 

C. Oral administration of Clofibrate. Ten 
male rats (Group V) were fed ad libitum the 
chow diet mixed with clofibrate2 in propor- 
tions of 250 mg of clofibrate for each 100 g 
of diet. Ten control rats (Group V-C) were 
fed the same diet without clofibrate. After 
consuming these respective diets for 4 weeks 
the experimental rats received 625 mg of 
clofibrate emulsified in 1 ml of water by 
stomach tube. The control rats were given 1 
ml of 0.85% NaC1. Exactly 1 hr after the oral 
intubation, each rat received a mixture of 
carrier-free or thopho~phate-~~P and 0.3 mCi 
of tritiated sodium acetate (0.26 mg)3 by 
injection via the penis vein. Six hr following 
this injection, the rats were bled, killed, and 
the liver was obtained and frozen. 

D. Administration of propylthiouracil. Ten 
male rats (Group VI) were fed ad libitum 
the chow diet containing 150 mg of propyl- 
thiouraci1/100 g of diet. Ten control rats 

~~ 

2 Atromid-S, Ayerst Laboratories, Inc. 
New England Nuclear Co. 

(Group VI-C) ingested the unsupplemented 
diet. Three weeks after the beginning of the 
diet, all rats received carrier-free orthophos- 
~ h a t e - ~ ~ P  and tritiated sodium acetate via the 
penis vein. Six hr after injection, the rats were 
bled, killed, and the liver was secured and 
frozen. 

E. Chemical procedures. All plasma sam- 
ples were analyzed quantitatively for choles- 
terol by the method of Saifer and Kammerer 
(16), for lipid phosphorus by the method of 
Zilversmit and Davis ( 17) and for phos- 
phorus in the form of acid-soluble phos- 
phate by the method of Bartlett (18). The 
plasma samples obtained from Groups VI and 
VI-C rats were also analyzed for their thy- 
roxine content by a commercial laboratory 
according to the method of Pileggi and Kess- 
ler (19). 

Each liver was weighed wet after light 
blotting. The livers of rats of Groups I-IV 
and their respective controls were analyzed 
only for their labeled and unlabeled phos- 
pholipid contents. This was accomplished as 
follows: A weighed portion of liver was 
ground in a Potter-Elvejhem homogenizer, 
suspended in H20, and a sample of the sus- 
pension was precipitated with 9 vol of 10% 
trichloroacetic acid. A portion of the superna- 
tant from the trichloroacetic precipitation 
was analyzed for phosphorus by the method 
of Bartlett (18) and another portion was 
counted for 32P activity in a Packard 3003 
liquid scintillation counter. Efficiency was 
checked by counting a commercial standard 
of known a ~ t i v i t y . ~  The trichloroacetic acid 
precipitate was extracted with 20 vol of 
CHC13:MeOH ( 2  : 1 ; v/v), and the extract 
was partitioned with H 2 0  (20). A sample of 
the CHC13 layer was removed for phos- 
pholipid analysis by the method of Zilversmit 
and Davis (17). A factor of 2 5  was used in 
calculation to convert lipid P to phospholip- 
id. The remainder of the CHC13 layer was 
evaporated to dryness and 32P was counted 
in the Packard counter. 

The livers of rats of Groups V and VI and 
their respective controls were analyzed for 

4 Bay Area Pathologists Ce'ntral Laboratories, San 

6 Amersham-Searle, Buckinghamshire, England. 
Francisco. 
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both their labeled and unlabeled phospholip- 
id and cholesterol. The phospholipid analyses 
and :V counts of these livers were done 
exactly as described above except that a win- 
dow excluding tritium was used in the Pack- 
ard counter. 

For the ch~lesterol-~H counts, a weighed 
portion of the liver was cut finely and ex- 
tracted under reflux with 50 vol of ethano1:ac- 
etone( 1 : 1 ;v/v) . The extract was divided, a 
portion being used for quantitative analysis 
of cholesterol by the method of Saifer and 
Kammerer (16) while the remainder was dis- 
solved in chloroform and treated with zeolite6 
to remove phospholipid (21). The phos- 
pholipid-free extract was evaporated, taken 
up in ethanol :acetone ( 1 : 1 ; VJV) , saponified 
with alcoholic KOH, neutralized with acetic 
acid and precipitated with 1% digitonin in 
50% ethanol. The digitonin precipitate was 
washed twice with ethanol-acetone and once 
with ether. It was dried and dissolved in 
glacial acetic acid. A sample of the acetic 
acid solution was removed for cholesterol de- 
termination while 3H radioactivity in the re- 
mainder was counted in a Packard model 
3003 scintillation counter. Quench was moni- 
tored by the channels ratio method and 
checked by addition of an internal standard 
of tritiated toluene. 

Results. A .  Infusion of Lecithin. No sig- 
nificant differences in concentration of liver 
phospholipid were observed between any 
group infused with lecithin and its cor- 
responding control group (Table I, Groups I 
vs I-C, I1 vs 11-C, and I11 vs 111-C). Hence 
there was no evidence that lecithin infusion 
resulted in appreciable storage or retention of 
phospholipid in the liver. The specific activi- 
ty of liver phospholipid in each experimental 
group, however, was significantly lower than 
that of its control group (Table I) ,  showing 
that lecithin infusion may have depressed the 
incorporation of inorganic phosphorus into 
phospholipid. An alternative possibility that 
lecithin promoted the release of phospholipid- 
32P into plasma, seems less likely since the 
total amount of radioactive P in plasma phos- 
pholipid did not differ significantly between 
experimental and control groups (Table I) ; 

6 Taylor Chemicals, Inc., Baltimore, Md. 

this also indicates that infusion of lecithin 
did not suppress entrance of phospholipid 
from liver to plasma. Plasma cholesterol con- 
centration increased up to 7-fold under the 
influence of lecithin infusion, the longer the 
duration of infusion the greater the plasma 
cholesterol concentration. The plasma 32P 
radioactivity in Table I is expressed in terms 
of dpm/ml, rather than as specific activity, 
to avoid distortion by the large amounts of 
phospholipid infused. 

B .  Biliary obstruction. This procedure did 
not alter the concentration of phospholipid in 
liver, nor did it affect the incorporation of 
orthophosphate-32P into liver phospholipid 
(see Table I, Groups IV and IV-C). Bile 
duct ligation brought about a 70% increase in 
plasma cholesterol level and an increase of 
150% in plasma phospholipid level, as com- 
pared with control values. This plasma phos- 
pholipid increase was supplied dispropor- 
tionately from radioactive phospholipid, since 
plasma from ligated animals contained over 
4 times as much ph~sphol ipid-~~P as did 
control plasma. 

C. Oral administration of clofibrate. As 
others ( 2 2 )  and we (23) have reported, the 
average weight (21.0 g)  of the livers of the 
clofibra te-t reated rats was significantly 
greater ( p < O . O O l )  than that (14.3 g) of the 
control rats. Despite this disparity in hepatic 
weight, the hepatic phospholipid concentra- 
tion (see Table 11) was closely similar in the 
2 groups. Similarly the average amount of 
32P in the total livers also was approximately 
the same in the 2 groups. However, the 
specific activity of liver phospholipid (see 
Table 11) was lower in the clofibrate-treated 
animals. As also found by others (24), 
clofibrate was seen to depress incorporation 
of a ~ e t a t e - ~ H  into cholesterol, whether mea- 
sured by the specific activity of cholesterol or 
by radioactivity in the total cholesterol con- 
tent of the whole liver. A similar depression 
of acetate-.?H incorporation was observed in 
plasma cholesterol. Clofi bra te administ ration 
also effected (see Table 11) a fall in plasma 
phospholipid concentration. However, i t  did 
not cause any change in the specific activity 
of plasma phospholipid . 

D. Administration of propylthiouracil. The 
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administration of propylthiouracil led to a 
hypothyroid state as indicated by the 
markedly reduced level (see Table 11) of 
plasma thyroxine of the treated rat. Howev- 
er this induced hypothyroidism had no dis- 
cernible effect upon the rate of incorporation 
of or thopho~phate-~~P into liver phospholip- 
id (see Table 11) or upon the other aspects 
of phospholipid metabolism investigated. As 
expected from our earlier studies (9),  the 
hepatic rate of incorporation of a ~ e t a t e - ~ H  
into cholesterol was depressed significantly in 
the hypothyroid rats. 

E .  Inorganic phosphate. The concentration 
and specific activity of acid-soluble phos- 
phorous in the liver and plasma did not differ 
significantly between any experimental 
group and its corresponding control. There- 
fore, the extent of incorporation of 32P into 
phospholipid may be taken to reflect the rate 
of the incorporation process itself , rather 
than to depend upon differences of substrate 
concentration. 

Discussion. The synthesis of liver phos- 
phatide is multicompartmental, of sequential 
complexity, and yields products showing 
structural and metabolic heterogeneity (2 5) .  
The analytical methods we have used have 
the virtue of simplicity but suffice for only a 
limited first approach to information about 
the heterogenous hepatic pool. 

The present results indicate that the extent 
of incorporation of 32P into liver phos- 
phatide was not significantly altered in any 
of the experimental studies except that one in 
which the animals were rendered hyperphos- 
phatidemic by the continuous infusion of a 
phosphatide itself. Thus experimental in- 
crease of plasma cholesterol by induced bil- 
iary obstruction or hypothyroidism or its de- 
crease by clofibrate administration failed to 
alter significantly the extent of incorporation 
of 32P into hepatic phosphatide, even though 
in the latter two experimental conditions, 
the extent of incorporation of labeled acetate 
into hepatic cholesterol was significantly de- 
pressed. 

The changes in plasma phospholipid in 
these various conditions were of some inter- 
est. Thus the plasma content of labeled phos- 
phatide rose considerably in rats after biliary 

obstruction despite the fact that no signifi- 
cant change was observed in their extent of 
incorporation of 32P into hepatic phos- 
phatide. Apparently then, following biliary 
obstruction not only does retention of phos- 
pholipid in plasma occur, but also a good 
fraction of the latter consists of newly syn- 
thesized materials. On the other hand, no 
change was observed in the plasma content of 
labeled phospholipid in the rats infused with 
lecithin despite the fact that a significant 
fall had occurred in their incorporation of 
32P into hepatic phospholipid. 

Despite the expected (9) decreased hepat- 
ic rate of cholesterol synthesis found in the 
hypothyroid rats, we were unable to detect, 
as were also earlier observers (10, 12) , any 
significant change in the plasma content of 
labeled or unlabeled phospholipid. On the 
other hand, clofibrate administration signifi- 
cantly depressed the plasma content of both 
unlabeled and labeled phospholipid as well as 
that of cholesterol, phenomena also observed 
(26, 27 )  in the clofibrate-treated human 
subject . 

The presence of lysolecithin and sphingo- 
myelin in the lecithin preparation was indi- 
cated by thin-layer chromatography. It is 
possible that the effects of this preparation 
may have been due in part, or entirely, to 
these substances. Lysolecithin is of particular 
concern since it has been considered to be 
toxic because of its hemolytic action (28). It 
is noteworthy that lysolecithin occurs physio- 
logically in rat plasma, which has been re- 
ported to contain on the average 17.5% of its 
lipid phosphorus as lysolecithin (29). Lyso- 
lecithin phosphorus has been reported to con- 
stitute 7% , and sphingomyelin phosphorus 
19% of the lipid phosphorus of human plasma 
( 3 0 )  * 

Summary. Changes in the rat plasma con- 
centration of cholesterol were effected by 
lecithin infusion, biliary obstruction, clo- 
fibrate administration, and by induction of 
hypothyroidism. The extent of incorporation 
of 32P into hepatic phospholipid was altered 
(i.e., decreased) in only those rats subjected 
to lecithin infusion. However, changes in the 
plasma content of labeled phospholipid were 
observed only in those animals subjected to 
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biliary obstruction (increase) or clofibrate 
(decrease) administration. 
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