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The lesions of atherosclerosis are char- 
acterized by intimal proliferation of 
smooth muscle cells, accumulation of 
large amounts of connective tissue ma- 
trix including collagen, elastic fibers, and 
proteoglycans, and deposition of intra- 
and extracellular lipid. Many factors are 
involved in this process. 

One of the original concepts regarding 
the pathogenesis of atherosclerosis was 
proposed by Virchow (1) who suggest- 
ed that endothelial cell injury initiates 
atherogenesis. In a recent modification 
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of this hypothesis (2), it was proposed 
that the endothelium normally influences 
the behavior of arterial smooth muscle 
cells by providing a barrier to the passage 
of plasma proteins, and that the major ef- 
fect of hemodynamic or other factors that 
injure the endothelium is to reduce the 
effectiveness of the barrier. Moreover, 
the lesions of atherosclerosis were con- 
sidered to be potentially reversible, de- 
pending upon the nature, duration, and 
chronic nature of the injury. 

Many investigators have subsequently 
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injure the endothelium is to reduce the 
effectiveness of the barrier. Moreover, 
the lesions of atherosclerosis were con- 
sidered to be potentially reversible, de- 
pending upon the nature, duration, and 
chronic nature of the injury. 

Many investigators have subsequently 

confirmed the key role played by endo- 
thelial cell injury in atherogenesis. The 
various injurious factors that affect the 
endothelium somehow alter the threshold 
of endothelial stability so that local 
hemodynamic factors result in focal 
endothelial desquamation and exposure 
of subendothelial connective tissue. 
Recent evidence has also linked endo- 
thelial injury with platelet adhesion, 
aggregation, and release of platelet con- 
stituents at sites in the artery wall where 
endothelial cell desquamation has 
occurred. 

Figure 1 illustrates the importance of 
endothelial injury and the resultant re- 
lease and passage of platelet and plasma 
constituents into the artery wall in the 
genesis of the lesions of atherosclerosis. 
According to the injury hypothesis, ev- 
eryone is potentially susceptible to many 
forms of endothelial damage as a result 
of mechanical (3), chemical (4), immuno- 
logic (5), or toxic sources of injury. Fig- 
ure 1 shows that if the injury were a 
single event, the lesions would be revers- 
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ible (see the outer regression cycle); if 
the injury were repeated or continuous, 
the lesions would progress and might 
become irreversible (see the inner pro- 
gression cycle). Regenerating endothe- 
lium overlying lesions might be more 
susceptible to further injury because of 
the altered flow of blood necessitated by 
the intrusion of the lesion into the lumen 
of the artery. 

Investigations in vivo with subhuman 
primates and studies of arterial smooth 
muscle cells in culture have demon- 
strated that platelets provide the princi- 
pal mitogen present in blood serum re- 
sponsible for the growth of the arterial 
smooth muscle cells in culture (6). When 
fibroblasts or smooth muscle cells are 

grown in a medium containing serum 
derived from platelet-free plasma, the 
cells remain quiescent for long periods. 
The addition of a factor purified from 
constituents released from platelets by 
thrombin or collagen restores all of the 
mitogenic capacity of serum. 

We have demonstrated in baboons 
that chronic homocystinemia can pro- 
duce lesions of atherosclerosis (4). Dur- 

ing such lesion formation, there is a two- 
fold increase in platelet utilization by the 
vascular desquamative lesions caused by 
the chronic homocystinemia (10 percent 
of the aortic endothelium was lost). Phar- 
macologic inhibition of platelet function 
interrupted platelet consumption and pre- 
vented intimal smooth muscle prolifera- 
tion without altering the loss of endothe- 
lium. 

The importance of platelet-derived fac- 
tors for arterial smooth muscle prolifera- 
tion has been confirmed by Friedman et 
al. (7). These workers prevented smooth 
muscle proliferation in rabbits following 
intra-arterial catheter-induced injury by 
making the animals thrombocytopenic 
with an antiserum to platelets. Additional 
evidence for the importance of platelets 
in atherosclerosis has been derived from 
studies with normal and diseased pigs. 
Pigs with von Willebrand's disease have 
a defect in platelet adhesion, and Bowie 
et al. (8) showed that such animals fail to 
develop the atherosclerotic lesions that 
occur in control animals that have been 
made hypercholesterolemic by being fed 
a fatty diet. 

Thus, the fundamental response fol- 
lowing some form of injury to the endo- 
thelium is platelet-mediated intimal 
smooth muscle proliferation. The studies 
presented in this article provide further 
insight into the role played by chronic 
hyperlipidemia in atherogenesis. The ex- 
periments we report indicate that chron- 
ic hyperlipidemia not only results in lipid 
accumulation in atheromatous lesions, 
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but itself produces endothelial injury 
which is accompanied by platelet con- 
sumption and atherosclerosis. 

Mechanical Injury and Hyperlipidemia 

We used 32 pigtail monkeys (Macaca 
nemestrina) aged 1 to 2/2 years, each 
weighing 1.5 to 3 kg. Eight animals 
served as controls for 18 hypercholes- 
terolemic animals; six animals were used 
for platelet survival measurements. 

The animals were made hypercholes- 
terolemic by maintaining them on a liquid 
formula that provided additional choles- 
terol and triglyceride during the day (9). 
Purina monkey chow was given in the 
evening. 

Twelve of the 18 hypercholesterolemic 
monkeys were subjected to a single bal- 
loon-catheter deendothelialization of one 
iliac artery and the abdominal aorta 
while anesthetized with halothane as de- 
scribed (2). This procedure results in the 
removal of virtually all of the endothe- 
lium. The external femoral artery was 

then ligated and the wound closed. The 
animals remained hypercholesterolemic 
(Table 1) until they were killed at 1/2 
months, 3 months, 6 months, 9 months, 
and 1 year after the operation. The con- 
tralateral iliac artery served as a non- 
injured control of the vascular effects of 
chronic hypercholesterolemia (10). 

Effect of Deendothelialization 

At 6 weeks to 3 months after balloon 
injury to the iliac artery and abdominal 
aorta, the chronically hypercholes- 
terolemic animals displayed a markedly 
thickened intima containing numerous 
smooth muscle cells with lipid inclu- 
sions (Fig. 2A). 

The number of smooth muscle cells in 
the lesions were similar to those found in 
lesions induced with a balloon catheter 
in normolipidemic animals (2, 3), but the 
cells were changed in appearance be- 
cause of the presence of numerous large 
amorphous lipid inclusions. The lipid- 
laden smooth muscle cells often con- 
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Fig. 1. In the response to injury hypothesis, two different cyclic events may occur. The outer, or 
regression cycle, may represent common single occurrences in all individuals in which endothe- 
lial injury leads to desquamation, platelet adherence, aggregation, and release, followed by in- 
timal smooth muscle proliferation and connective tissue formation. If the injury is a single 
event, the lesions may go on to heal and regression occur. The inner or progression cycle dem- 
onstrates the possible consequences of repeated or chronic endothelial injury as may occur in 
chronic hyperlipidemia. In this instance, lipid deposition as well as continued smooth muscle 
proliferation may occur after recurrent sequences of proliferation and regression, and these may 
lead to complicated lesions that calcify. Such lesions could go on to produce clinical sequelae 
such as thrombosis and infarction. 
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Table 1. Platelet kinetics in normal and hyperlipidemic monkeys. Cell loss in the aortic endothelium is expressed as the percentage of surface 
lost. 

Plasma lipids Platelet 
Endothelial 

DietNo of Turnover Diet animals Cholesterol Triglyceride cell loss Count Survival Turve 
(mg/dl) (mg/dl) (% of surface) (No./ml) (days) (plaelay) 

(ml-' day-') 

Normal 8 88 + 5.3* 30 ? 9.4 0 383,000 + 62,000 8.0 ? 0.34 61,000 11000 
Hyperlipidemic 6 223 + 22 28 + 14 5.0 ? 1.2 396,000 + 70,000 5.8 ? 0.54 86,000 + 13,000 
P < 0.01 > 0.75 > 0.001 > 0.75 < 0.01 < 0.05 

*The variation is ? 1 S.D. 

tained a well-developed rough endoplas- 
mic reticulum and Golgi complex. The 
connective tissue surrounding the cells 
contained two types of lipid deposits. 
One of these was membranous in charac- 
ter (Fig. 3), the second was represented 
by round, globular, less dense deposits 
that were not clearly membrane bound. 

Between 3 months and I year, the 
catheter-induced lesions of the chronical- 
ly hyperlipidemic animals showed a per- 
sistence of the lipid-laden cells with no 
evidence of the regression that had been 
observed in the normolipidemic animals 
(2, 3). Indeed, after 6 to 18 months, the 
lesions in the injured vessels were some- 
what larger than those seen 3 months 

after injury. A distinguishing feature of 
the injury lesions in chronically hyper- 
lipidemic animals was the progressive 
increase in the amount of extracellular 
membranous debris. 

Most of the lipid-containing cells were 
identifiable as smooth muscle cells al- 
though they were altered in appearance. 
Many of the intracellular lipid inclusions 
were membrane bound and frequent- 
ly contained concentric membranous 
whorls. These inclusions appeared like 
secondary lysosomes and contained nu- 
merous small membranous globules, in- 

distinguishable in appearance from mem- 
branous deposits present in the space 
surrounding the cells (Fig. 4). Twelve 

months after injury, the membranes of 

many of the smooth muscle cells were 
disrupted, and these intracellular mem- 
branous deposits were in the process of 
being extruded. These observations sug- 
gested that many of the extracellular de- 
posits were formed by the release of 
these bodies by exocytosis or from de- 
generating smooth muscle cells into the 
extracellular space. These were not con- 
sidered to be artifacts since such necrot- 
ic cells were often surrounded by intact, 
healthy cells (Fig. 5). 

Abundant quantities of newly formed 
collagen fibrils and elastic fibers, rich in 
elastic fiber microfibrils, were regularly 
seen at each interval after injury. 

Fig. 2 (left). Electron micrograph of a portion of an intimal lesion in the iliac artery of a monkey on a hyperlipidemic diet 6 months after balloon 
injury. Most of the smooth muscle cells in the lesion contain large lipid deposits. The cells are surrounded by small globular membranous deposits 
in the connective tissue. An endothelial cover is lacking at the luminal surface (L) at the crest of the lesion. Fig. 3 (right). A small segment of a 
lesion induced by mechanical injury in a chronically hyperlipidemic monkey. A portion of one of the two smooth muscle cells in this micrograph 
contains three large lipid droplets. In the connective tissues surrounding the cells, there are numerous membranous deposits between the collagen 
and elastic fibers. These are located in sites usually occupied by proteoglycans. 
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The Nonballooned Iliac Artery 

In the animals on the lipid-rich diet, 
there were very few alterations in the 
nonballooned vessels after 1? months. 
An occasional lipid-laden cell was pres- 
ent in the still thin intima of the non- 
injured artery. Four months after com- 
mencing the diet, that is, 3 months after 
the contralateral artery was ballooned, 
the intima of the noninjured iliac was 
slightly increased in thickness and con- 
tained one to two layers of lipid-laden 
smooth muscle cells. Within 10 months 
after commencing the diet, there were no 
significant differences between the in- 
jured and noninjured iliac arteries. Both 
contained 10 to 15 layers of lipid-laden 
smooth muscle cells surrounded by ex- 
tracellular lipid and large quantities of 
newly formed connective tissue matrix. 

The remaining pigtail monkeys were 
maintained on the hypercholesterolemic 
diet (and showed similar elevations of 
serum cholesterol) for a period of 9 to 18 
months; they were compared with eight 
control animals fed normal monkey 
chow. These animals were not mechani- 
cally injured in any way and were simply 
killed at 9 months, 1 year, and 1/2 years. 
At the time they were killed, the animals 
were anesthetized and perfused with 0.3 
percent silver nitrate solution under 100 
cm of hydrostatic pressure in vivo. The 
entire endovascular surfaces of whole- 

aorta mounts were then examined by 
means of a grid micrometer to determine 
the proportion of the surface that was 
not covered by endothelial cells. 

Endothelial Integrity 

The series of chronically hyper- 
lipidemic animals that received no me- 
chanical injury permitted us to assess 
endothelial integrity by examining the 
entire aorta and iliac arteries after per- 
fusion in vivo with silver nitrate and 
preparation of the arteries for viewing of 
the luminal surface. In all of the hyper- 
lipidemic animals there was focal loss of 
endothelial cells amounting to a total loss 
of 5.0 percent (Fig. 6) (Table 1). In some 
regions in the chronically hyperlipidemic 
animals, the endothelial cells were al- 
tered in shape and appeared to have lost 
their characteristic longitudinal orienta- 
tion. Many of them were polyhedral or 
round, suggesting abnormal endothelial 
regeneration (Fig. 6). 

Platelet Survival Measurements 

In view of the endothelial cell loss in 
the hyperlipidemic animals, platelet sur- 
vival (11, 12) was measured in six hyper- 
lipidemic monkeys (maintained on the 
hypercholesterolemic diet for longer 

than 3 months). These were compared 
with eight control animals. Platelet sur- 
vival in the animals that were hyper- 
lipidemic for more than 6 months aver- 
aged 5.8 days, which is significantly dif- 
ferent from the mean platelet survival of 
the control animals, that is, 8 days (Table 
2). 

Since increased platelet reactivity in 
vitro has been reported in patients with 
familial hypercholesterolemia (13), it 
was necessary to determine whether this 
decreased survival was a direct effect of 
increased cholesterol (or lipoproteins) 
upon the platelets, or was a manifesta- 
tion of increased platelet consumption 
by exposed subendothelial surfaces. 
Therefore, matched cross-over platelet 
survival experiments were carried out 
between six normolipidemic and six hy- 
perlipidemic monkeys. Donor platelets 
were labeled with chromium-51 and their 
survival in the respective recipient was 
determined. Platelets from the hyper- 
lipidemic monkeys survived normally af- 
ter infusion into the normolipidemic ani- 
mals. In contrast, platelets from normo- 
lipidemic animals infused into hyper- 
lipidemic animals had a decreased 
survival time comparable with that of 
autologous platelets (Table 2). While 
these data do not rule out the possibility 
of a rapidly occurring lipid-mediated ef- 
fect on the membranes of the transfused 
platelets, the reduction in platelet surviv- 

Fig. 4 (left). Electron micrograph showing portions of two smooth muscle 
cells from a 9-month lesion in a monkey with chronic hyperlipidemia. The 
cells are surrounded by numerous collagen fibrils. In one of the cells, sec- 

... ,,: ~ . ....ondary lysosomes (arrow) are visible which contain membranous glo- -. . ... .. i bules or deposits that represent breakdown of the large amorphous lipid 
droplets such as the one seen in the cell to the upper right. The treaKaown products are similar in appearance to the membranous deposits seen in 
the extracellular space surrounding these two cells. Fig. 5 (right). A lesion from a chronically hyperlipidemic monkey, in which the plasma membrane of the smooth muscle cell on the left is broken (arrow) demonstrating that the cell has undergone necrosis and is in the process of 
releasing its lipid inclusions into the extracellular compartment. Several other intact lipid-laden smooth muscle cells are also visible. 
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al is most consistent with increased plate- 
let consumption on exposed subendothe- 
lium as observed in the desquamation 
associated with homocystinemia (4) and 
in prostheses such as artificial valves or 
vessels (12). 

Experiments were performed to cor- 
relate the loss of endothelium with 
decreased platelet survival. A known 
amount of endothelium was removed 
from each of a series of monkeys with 
a balloon catheter, and platelet survival 
and the rate of return to normal were 
measured. A direct correlation was 
observed between the amount of endo- 
thelium removed and the extent of the 
decrease in platelet survival, and be- 
tween the time required for reendothelial- 
ization and a return to normal levels of 
platelet survival. 

The Response to Injury Hypothesis 

These studies and those in which the 
endothelium is subjected to mechanical 
(3), immunologic (5), or chemical (4) in- 
jury support the hypothesis that the in- 
timal smooth muscle proliferative lesions 
of atherosclerosis are the result of the 
response to injury (2). This response in- 
volves: (i) focal desquamation of endo- 
thelial cells; (ii) adhesion and aggrega- 
tion of platelets to exposed subendothe- 
lial connective tissue; (iii) local release of 
platelet constituents, including a platelet 
mitogenic factor (6), and passage of 
plasma constituents into the underlying 
artery wall; (iv) migration of smooth 
muscle cells through gaps in the internal 
elastic lamina into the intima, and plate- 
let-mediated intimal proliferation of 

Table 2. Survival of donor platelets in matched cross-over studies between six normolipidemic 
and six hyperlipidemic monkeys. Platelet survival (days). 

Normal 
Normal Hyperlipidemic platelets Hyperlipidemic 

Study animal animal into platelets into 
pair baseline baseline hyperlipidemic normal animal 

animal 

1 8.0 6.2 5.7 7.5 
2 8.1 6.5 4.8 7.7 
3 8.4 6.7 6.2 8.2 
4 8.1 5.8 6.3 7.9 
5 7.9 6.1 6.0 
6 7.5 6.0 5.9 8.0 

Mean 8.0 ? 0.33 6.2 + 0.3 5.8 + 0.5 7.9 + 0.3 

P < 0.02 < 0.01 

smooth muscle cells; (v) formation of 
connective tissue matrix by the smooth 
muscle cells through synthesis and secre- 
tion of collagen, elastic fiber proteins, 
and glycosaminoglycans; and (vi) intra- 
cellular and extracellular lipid accumula- 
tion. After mechanical injury, maximal 
lesion formation occurs within 3 months. 
Such lesions appear to regress once the 
overlying endothelium has regenerated, 
and regression is virtually complete 3 
months later in normolipidemic monkeys 
(2, 3). This formulation suggests that re- 
peated or chronic endothelial cell loss 
may be the principal event leading to 
atherosclerosis (Fig. 1). 

The importance of a platelet factor or 
factors in the focal proliferation of 
smooth muscle cells is supported by the 
identification of a factor from platelets 
that stimulates smooth muscle prolifera- 
tion in cell culture (6). Furthermore, the 
intimal lesions that occur in homo- 
cystine-induced or mechanically induced 
arteriosclerosis can be prevented by 
pharmacologic agents (4) that interrupt 
platelet consumption, or by inducing a 
thrombocytopenia with an antiserum to 
platelets (7). 

The Role of Chronic Hyperlipidemia 

Although the presence of lipids in the 
form of both free cholesterol and choles- 
terol esters has been recognized for 
many years in the lesions of athero- 

Fig. 6. (A) This light micrograph shows a portion of the abdominal aorta 
of a monkey fed a hyperlipidemic diet for 12 months. The animal re- 
ceived no mechanical injury. The artery was perfused in situ with silver 
nitrate. In the left portion of the micrograph the endothelial cells are 
missing and the subendothelial connective tissue fibers can be seen. Endothelial cells are outlined by the silver stain on the right. Many of these 
are abnormal in their appearance since they are rounder than usual, suggesting a regenerative process. Sites of deendothelialization such as that 
on the left are present over approximately 5 percent of the surface of the aorta and iliac artery of monkeys with chronic hyperlipidemia. (B) A 
scanning electron micrograph of a very small segment of the aorta of a monkey fed on a hyperlipidemic diet for 12 months. Several small areas of 
endothelial desquamation (arrow) can be seen in the center of the micrograph. Intact endothelial cells are outlined by the metal shadowing proc- 
ess used to prepare the tissues for scanning electron microscopy. [Magnification: (A) x 240; (B) x 580.] 
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sclerosis (14), the specific role of hyper- 
lipidemia in lesion formation has not 
been well understood. Endothelial injury 
is now widely accepted as a possible 
antecedent to the formation of the le- 
sions of atherosclerosis; it is important 
to understand the role of chronic hyper- 
lipidemia in this regard. 

While the nonmechanically injured 
iliac arteries of the lipid-fed monkeys 
were initially slower to develop lesions, 
the intimal lesions that eventually 
formed were comparable in size to the 
mechanically injured contralateral artery 
after the monkeys had been on the hyper- 
lipidemic diet for 9 to 12 months. These 
lesions frequently appeared to lack an 
endothelial cover (Fig. 2A). To rule out 
the possibility of artifacts developing dur- 
ing tissue preparation, we conducted a 
second sequence of studies in which ani- 
mals were maintained on the hyper- 
lipidemic diet for 9 to 18 months without 
being subjected to balloon injury. At the 
time they were killed, the animals were 
placed under halothane anesthesia and 
were perfused with silver nitrate in order 
to measure the percentage of the surface 
covered by intact endothelium. These 
studies demonstrated focal sites of endo- 
thelial desquamation (Fig. 5), equal to 
approximately 5 percent of the endothe- 
lial surface area in the thoracic and ab- 
dominal aorta and iliac arteries. In con- 
trast, the control, normolipidemic mon- 
keys showed no endothelial cell loss. 

Endothelial desquamation could result 
from a "lowered threshold" to the nor- 
mal shearing stress of the flowing blood 
at given anatomic sites in the artery wall 
or from some form of direct "injury" to 
the endothelial cells. This phenomenon 
undoubtedly has some relation to blood 
flow characteristics since a correlation 
has been shown between sites of maxi- 
mal shear forces, of endothelial injury, of 
increased permeability, and lesion forma- 
tion (15). 

There may be a number of ways in 
which chronic hyperlipidemia may "in- 
jure" the endothelium. It is not clear 
whether such "injury" results from the 
sustained increase in cholesterol (the 
concentration of triglyceride remained 
normal), or from complicated effects of 
hyperlipidemia or altered lipoproteins up- 
on the endothelial cells. The devel- 
opment of methods to'study endothelial 
cells in culture provides opportunities to 
answer these questions. 

The endothelium normally regulates 
the entrance of low density lipoproteins 
(LDL), the principal cholesterol-carrying 
lipoprotein of the plasma, into the artery 
wall. The LDL also support smooth 
17 SEPTEMBER 1976 

muscle proliferation in cell culture (2); 
however, although LDL may be mito- 
genic, they more probably provide nutri- 
ents necessary for cell proliferation in 
terms of new membrane formation. Hu- 
man fibroblasts contain specific receptor 
sites for LDL (16), and arterial smooth 
muscle cells are thought to have similar 
receptors that play a role in controlling 
the intracellular synthesis of cholesterol 
(17). 

A second difference observed in the 
present studies is the effect of chronic 
hyperlipidemia in lesion regression. Af- 
ter a single episode of mechanical injury 
to the endothelium, the smooth muscle 
proliferative response appears identical 
to the preatherosclerotic fibromusculo- 
elastic lesion seen in man (18). In the 
primates, the mechanically induced le- 
sion reaches its maximum size 3 months 
after injury and largely disappears within 
6 months. In contrast, 6 months after 
mechanical deendothelialization in 
chronically hyperlipidemic primates, 
rather than regressing, the lesions re- 
mained unchanged or, in some instances, 
increased in size. Large amorphous intra- 
cellular lipid deposits were present, and 
accumulations of lipids in the form of 
membranous deposits and amorphous 
droplets were found in the surrounding 
connective tissue. These observations 
suggest that chronic hyperlipidemia pre- 
vents lesion regression and augments lip- 
id deposition following a single episode 
of mechanically induced endothelial in- 
jury and, consequently, promotes lesion 
progression. 

Extracellular Lipids 

The membranous deposits found with- 
in the extracellular matrix appear to coin- 
cide with regions characteristically occu- 
pied by proteoglycans in atherosclerotic 
lesions. These lipid deposits may be 
formed by at least two mechanisms. 
These include the trapping of lipopro- 
teins by glycosaminoglycans (19) or as 
a result of cell degeneration, and necrosis 
resulting in the release of intracellular 
lipid moieties into the extracellular envi- 
ronment. 

Arterial smooth muscle cells form 
large quantities of dermatan sulfate and 
smaller amounts of chondroitin sulfates 
A and C and hyaluronic acid in vitro (20). 
Atherosclerotic lesions contain a mesh- 
work of proteoglycans (21). This mesh- 
work appears to interconnect collagen 
fibrils and elastic fibers with the cells. In 
chronic hyperlipidemia, the sites filled 
with proteoglycan particles and filaments 

are also rich in membranous deposits. Of 
the glycosaminoglycans formed by arteri- 
al smooth muscle cells, dermatan sulfate 
has the greatest affinity at physiologic 
pH and ionic strength for LDL (19) and 
has recently been found in high concen- 
trations in lesions (22). The mitogenic 
factor released by the platelets could 
also have a tendency to bind with extra- 
cellular proteoglycans, perhaps com- 
peting with lipoproteins for these binding 
sites. 

It is conceivable that the binding of 
lipoproteins with proteoglycans might in- 
hibit the binding of proteoglycan with the 
platelet factor. This would make the 
platelet factor available for interactions 
with the smooth muscle cells, stimulate 
further smooth muscle proliferation, and 
result in a cycle that would promote 
lesion progression. Further examination 
of the interrelationship between pro- 
teoglycans and lipoproteins in vivo may 
clarify the mode by which lipids are 
trapped and held in the extracellular ma- 
trix of the lesions of atherosclerosis. 

Conclusions 

These studies provide new insight into 
the complex mechanisms whereby hyper- 
lipidemia causes progressive athero- 
sclerosis. It has been shown that physi- 
cal injury to the endothelial lining of 
arteries sets off a process which prob- 
ably is an attempt at healing the injury 
but which can lead to atherosclerosis. It 
has also been found that chemical agents 
such as homocystine can produce a simi- 
lar series of events leading to athero- 
sclerosis. These events include focal loss 
of endothelium, exposure of subendothe- 
lial connective tissue, and adherence of 
platelets followed by release of factors 
that stimulate intimal smooth muscle pro- 
liferation. The present studies indicate 
that the effects of chronic hyperlipidemia 
are complex in that the condition results 
not only in the deposition of lipids in the 
atheromatous lesions but that it may pro- 
duce the primary endothelial injury that 
initiates the process of atherosclerosis as 
well. 
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NIH Budget: Senate Committee 
Holds History's Quietest Inquiry 
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Some days Congress comes to grips 
with the world's harsh realities. Other 
times the nation's lawgivers cut corners 
and retreat into fantasy. 

Take, for example, the scene that 
opened at 10 a.m. on 3 February this 
year in room 1223 of the Senate's Dirk- 
sen office building. Wielding the gavel is 
Senator Warren Magnuson (D-Wash.), 
chairman of the Senate's labor and 
health appropriations subcommittee. 
The business of the day is for the sub- 
committee to cross-examine the senior 
officials of the National Institutes of 
Health on the $2 billion they plan to 
spend for the betterment of the nation's 
health. And any citizen wishing to learn 
how diligently that business was per- 
formed may do so by consulting the 700- 
page hearing record which the Senate 
has published for his edification.* 

What does so undramatic a proceeding 
1100 

Some days Congress comes to grips 
with the world's harsh realities. Other 
times the nation's lawgivers cut corners 
and retreat into fantasy. 

Take, for example, the scene that 
opened at 10 a.m. on 3 February this 
year in room 1223 of the Senate's Dirk- 
sen office building. Wielding the gavel is 
Senator Warren Magnuson (D-Wash.), 
chairman of the Senate's labor and 
health appropriations subcommittee. 
The business of the day is for the sub- 
committee to cross-examine the senior 
officials of the National Institutes of 
Health on the $2 billion they plan to 
spend for the betterment of the nation's 
health. And any citizen wishing to learn 
how diligently that business was per- 
formed may do so by consulting the 700- 
page hearing record which the Senate 
has published for his edification.* 

What does so undramatic a proceeding 
1100 

have in common with the theater of the 
absurd? Only that it never took place. 
The appropriations hearings for the NIH 
and other health agencies were sched- 
uled as usual this year but later canceled. 
Instead of rescheduling them, the Senate 
committee hit upon a quite novel way of 
conducting the public's business. Gov- 
ernment health officials were asked to 
supply written testimony, together with 
the answers to written questions. Some 
playwright-manqu6 on the committee 
staff then wrote up the material as if the 
hearings had actually been held. 

The script, it should be admitted, is 
not partictilarly inspired. The congres- 
sional roles, played by Senators Magnu- 
son, Edward Brooke (R-Mass.), Richard 
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*Departments of Labor and Health, Education, and 
Welfare and Related Agencies Appropriations for 
Fiscal Year 1977-Part 3. (Government Printing Of- 
fice, Washington, D.C., 1976). 
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Schweiker (R-Penn.) and William Prox- 
mire (D-Wis.), are bit parts with lines 
that have scarcely a laugh between them. 

But the scriptwriter has at least tried 
to insert a few dramatic touches of his 
own. For example, he has Magnuson say 
at one point, "Our next witness will be 
Dr. Donald Tower of the National Insti- 
tute of Neurological and Communicative 
Disorders and Stroke. That's a mouth- 
ful." 

After further imaginary mastication 

Magnuson inquires of Tower, "Now that 

you have communication as part of your 
name, what new initiatives are you plan- 
ning in hearing disorders?" 

The script to save the committee's 

hearings disorder places other witnesses 
in false positions. Donald S. Fredrick- 

son, for example, tells Magnuson that 
"This is my first opportunity to appear 
before you as Director of the National 
Institutes of Health." Fredrickson is fol- 
lowed at the witness table by an in- 
substantial Frank J. Rauscher, director 
of the National Cancer Institute, and 
eight attendant wraiths. The next wit- 
ness is Robert I. Levy, director of the 
National Heart and Lung Institute. "Mr. 
Chairman and members of the com- 

mittee, it is a particular pleasure for me 
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