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Progress report
The hypercholesterolaemia of obstructive
jaundice

It is not clear who first described the association between high plasma
cholesterol levels and obstructive jaundice. The credit is often given to Austin
Flint, but in his famous paper published in 18621 he wrote only onparenchymal
liver disease, attributing 'cholesterolaemia' to the failure of the diseased
liver to remove cholesterol from the blood. Widal, Weill, and Laudat2,
however, studied two deeply jaundiced patients with extrahepatic obstruction
(one with gallstones and one with pancreatic carcinoma). Not only did they
find hypercholesterolaemia but they pointed out that it was predominantly
an elevation of free sterol, contrasting it with the hypercholesterolaemia of
renal disease which was characterized by an increase in ester. Their work
deserves wider recognition.
The early papers on plasma cholesterol in liver disease were reviewed in

1932 by Epstein3 who also presented his own data. He confirmed that an
elevation of free cholesterol was characteristic of obstructive jaundice; ester
cholesterol was elevated in more than half of his patients but in the remainder
ester cholesterol fell even if the total cholesterol was greatly raised. A low
ester was also seen in severe parenchymal disease and falling ester levels in
both types of liver disease were attributed to liver cell damage. Subsequent
work has largely confirmed Epstein's findings.

Other plasma lipids are also affected by biliary obstruction. Man and her
colleagues4 demonstrated a rise in lipid phosphorus in obstructed patients
and at high levels the lipid phosphorus was linearly related to total cholesterol
levels. This confirmed the experimental findings of Chanutin and Ludewig5
who showed in 1936 that plasma lipid phosphorus increased rapidly in bile
duct-ligated rats and did so in direct proportion to free cholesterol. Lecithin
is the major component of the elevated phospholipid6 and lysolecithin levels
are low7. Plasma triglycerides may also increase4 8.
At the time of these early studies there was little information about the

way in which lipids were carried in plasma. They were known to combine
with specific proteins,and two majorgroups of 'lipoproteins' were recognized-
one which migrated in an electrical field with cxl-globulins and the other with
fl-globulins9. In chronic intrahepatic obstruction due to primary biliary
cirrhosis the increased serum lipids were found mainly in the fl-globulin
fraction, but it was noted that the protein content was less than expected
from the lipid increase'0.
On the basis of their behaviour in the ultracentrifuge lipoproteins of the

fl-globulin fraction became known as low-density lipoproteins and a separate
fraction, the very low density lipoproteins, was also recognized. Gofman
and his colleagues confirmed the massive elevation of low-density lipoproteins
with chronic biliary obstruction". They hinted that they might be different
from those found in other conditions, but it was Eder and his colleagues who
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first presented convincing evidence that the low-density lipoproteins of
obstructive jaundice were abnormal in composition12. They used Cohn
fractionation and preparative ultracentrifugation. In a fraction (IV +V + VI),
which normally contained high-density lipoprotein running with o-mobility,
they found large amounts of low-density lipoprotein with fl-mobility; almost
all the cholesterol was unesterified.

Russ and her colleagues extended these studies using plasma from one
patient with primary biliary cirrhosis13. The unusual low-density lipoprotein
was shown to have a low cholesterol: phospholipid ratio and a low protein
content; it did not react with antisera to normal low-density lipoprotein.
Cohn fractions I + III (which normally contain fi or low-density lipoproteins)
reacted as expected with antisera to low-density lipoprotein but the com-
position of this fraction was not normal and it was thought that abnormal
lipoprotein (from IV+V +VI) might have been mixed with it. They believed
that several abnormal low-density lipoproteins were present, and their
heterogeneity with obstructive jaundice was also postulated by Furman and
Conrad14.

LP-X-the Obstructive Lipoprotein

Switzer removed 'normal' low-density lipoprotein from the low-density
fraction of patients with primary biliary cirrhosis by using antibodies to
normal low-density lipoprotein'5. An abnormal lipoprotein remained (the
'unreactive' or 'obstructive' lipoprotein). It was rich in phospholipid and
96-100% of the cholesterol was unesterified. Triglyceride was virtually absent
and there was little protein. The amino acid pattern of this lipoprotein
resembled that of very low density lipoprotein; an antiserum to it reacted
with very low density lipoprotein but not with normal low density or high
density lipoprotein.

Switzer's results were confirmed and extended by Seidel and his col-
leagues16'17. They gave the abnormal lipoprotein the name LP-X, believing
initially that it contained a protein moiety of unique composition, consisting
of albumin (approximately 40 %) and a specific apolipoprotein, Apo-X, with
an extraordinary lipid-binding capacity. After delipidation, however, Apo-X
appeared by both immunoprecipitation and polyacrylamide gel electro-
phoresis to be identical with Apo-C, a group of at least three peptides, which
can be isolated from very low density lipoprotein.
LP-X has been studied by electron microscopy'8. In whole serum abnormal

particles were seen which looked like coins or discs and tended to form
rouleaux. Larger structures resembling myelin figures were also observed
and were often continuous with the rouleaux. The major axis of the discs was
about 400-600 A and their thickness approximately 100 A. Chemically these
particles were composed of approximately equimolar amounts of lecithin
and free cho4 sterol with small amounts of albumin and apolipoproteins.
Hamilton and his colleagues pointed out that artificial dispersions of lecithin
and cholesterol form similar structures if they are present in equimolar
amounts, providing that small amounts of lysolecithin or certain proteins
are also added to the system. On the basis of this and other evidence they
suggested that the discs were partially flattened vesicles and that their walls
were a continuous lipid bilayer.
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Changes in the Other Lipoproteins in Obstructive Jaundice

Little work has been done on other lipoproteins in obstructive jaundice. On
agarose electrophoresis the increase in plasma lipids is reflected only in a
broad densely staining a band; the ox band (which normally indicates high-
density lipoprotein) is usually absent or poorly stained and a distinct pre-f3
band (indicating triglyceride-rich very low density lipoprotein) is rarely
visible. Very low density lipoproteins are found after ultracentrifugation but
their electrophoretic mobility is abnormal and they run in the broad P
band19'20. The reason for this change in mobility is unclear but it may be
due to an altered apoprotein composition, as Quarfordt and his colleagues
found fewer smaller molecular weight apoproteins than are found in normal
very low density lipoproteins20.
Although very low density lipoproteins are present in obstructive jaundice

they do not carry the extra triglyceride which is found in the plasma; this
appears mainly in the low-density fraction21. Two low-density lipoprotein
peaks can be seen with the analytical ultracentrifuge. One is LP-X. The other
is presumably triglyceride-rich, low-density lipoprotein. It is possible that
there is a third low-density lipoprotein, as Klor et a122 found three peaks
emerging from this fraction during zonal ultracentrifugation. (A faster
floating material, which was markedly heterogeneous in terms of particle
size, might not be detectable with the analytical ultracentrifuge.) Muller and
his colleagues23 have recently suggested that the increased low-density lipo-
protein triglyceride in hepatitis and obstructive jaundice can be explained
by the presence of a large (300-700A), triglyceride-rich, low-density lipoprotein
with a discrete composition, in which both B and C apoproteins are present;
they suggest that it appears as a result of diminished hepatic lipase activity.
It is not clear whether this particle could account for the finding of Klor and
his colleagues but it is important that its presence should be confirmed and
the mechanism of its production clearly elucidated.

It has been claimed that the poor lipid staining of the a band in obstructive
jaundice is due primarily to poor lipid binding by A-apoproteins present in
normal amounts19, but it may also be due to altered mobility with high
density lipoprotein running in the f position20. In our own studies we have
found low levels of protein in the high-density lipoprotein fraction21. Like
Blomhoff24 we observed a low protein: lipid ratio with an increased propor-
tion of triglyceride and a reduction in cholesteryl ester. Using electron
microscopy some patients with obstructive jaundice are found to have a
structurally abnormal high-density lipoprotein which floats more rapidly
than the normal in the analytical ultracentrifuge21'25'26. These high-density
lipoprotein particles are disc shaped (40A thick and 150-250 A in diameter)
and, like LP-X, they have a tendency to form rouleaux. Their origin and
significance are not yet clear.
Although these changes in plasma lipoproteins are of considerable interest

it is only LP-X which makes a major contribution to the increased plasma-
free cholesterol of obstructive jaundice. The other changes may, however,
have great relevance for the understanding of the mechanism by which
hypercholesterolaemia develops.

The Accumulation of Cholesterol in Plasma

At present there is controversy about the way in which free cholesterol (and
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phospholipid) accumulate in plasma in obstructive jaundice. Flint suggested
that the liver normally removes cholesterol from the blood and excretes it in
bile'. If this were true impaired liver function per se should cause hyper-
cholesterolaemia, but with severe parenchymal disease plasma cholesterol
levels fall. It is, of course, ester cholesterol which falls under these circum-
stances; free cholesterol levels tend to rise even with severe hepatocellular
dysfunction but the free cholesterol levels found with parenchymal disease
are never very high, and it seems unlikely that Flint's suggestion could
account for the striking increase in free cholesterol seen with obstructive
jaundice.
When bile ducts are occluded canaliculi become distended and tortuous

and frequently rupture27'28. Epstein3 therefore argued that hypercholesterol-
aemia might result from the outpouring of bile, rich in free cholesterol, into
the pericapillary lymph spaces and blood stream. This is an attractive
hypothesis but it has been calculated that in rats cholesterol of biliary origin
could account for only a third of the excess found in plasma 24 hours after
biliary obstruction29'30.
The retention of some factor in bile does seem to be important. Byers and

Friedman found that plasma cholesterol rose when the bile duct of the rat
was anastomosed to the inferior vena cava29,30. The increase was not as
great as with simple ligation and the mechanical effect of bile duct ligation
presumably contributes to the hypercholesterolaemia.

HEPATIC CHOLESTEROL SYNTHESIS
Byers and Friedman subsequently investigated biliary factors which might
cause hypercholesterolaemia (see later) but the impact of their work was
reduced by the discovery of Fredrickson et al that cholesterol synthesis in
rat liver was strikingly increased following ligation of the common bile
duct32. This has been confirmed repeatedly and is widely accepted as an
explanation for the hypercholesterolaemia of obstructive jaundice. (Fred-
rickson and his colleagues were more cautious, pointing out that at least one
other factor, an altered liver-plasma cholesterol partition, appeared to be
involved.)
The cause of the increased hepatic cholesterol synthesis is not yet clear.

It has been suggested that it is secondary to a reduction in the amount of
cholesterol reaching the liver from the small intestine33, as cholesterol of
intestinal origin is said to be a particularly powerful inhibitor of hepatic
cholesterol synthesis34. This cannot be the only explanation; when one
hepatic duct was tied synthesis on that side was higher than in unobstructed
liver even though both sides took up an equal amount of intestinal choles-
terol35.

Several things need to be explained before we can accept the hypothesis
that high plasma free cholesterol levels are simply the consequence of an
increase in hepatic cholesterol synthesis. First cycloheximide administration
prevents increased cholesterogenesis in the rat but fails to prevent the rise in
plasma free cholesterol36. Secondly increased cholesterol synthesis could not
account for the equally impressive rise in plasma phospholipid levels.
Hepatic phospholipid synthesis would also have to be increased but there is
as yet no agreement that such an increase occurs with biliary obstruction37'38.
Finally, the newly synthesized cholesterol would be insoluble and would have
to be associated with a lipoprotein or complexed with phospholipid (as in a
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biliary micelle or LP-X) in order to leave the liver. Electron microscopic
studies of the liver in obstructive jaundice have not shown LP-X within the
liver39,40, nor are there any data to suggest that cholesterol secretion in
'normal' lipoproteins is increased.

It is possible that obstructive hypercholesterolaemia results from increased
synthesis in other tissues. Of those studied only the small intestinal mucosa
(a potential source of circulating cholesterol4l) showed a striking increase in
cholesterol synthesis following biliary ligation'2. On this basis Dietschy and
Siperstein suggested that it contributed to the accompanying hypercholes-
terolaemia. Unfortunately the exclusion of bile from the small intestine
greatly reduces movement ofcholesterol, whether ofendogenous or exogenous
origin, into intestinal lymph43 and it seems unlikely that the small intestine
could make a major contribution to the rapid elevation of plasma cholesterol
which occurs with biliary obstruction.

There are few studies on cholesterol synthesis in human subjects with
obstructive jaundice. Ahrens and his colleagues calculated total body synthesis
from the results of cholesterol balance studies; with chronic biliary obstruc-
tion synthesis appeared to be reduced44. Their data would fit with those of
Mosbach et al who found reduced activity of hepatic f-hydroxy-/-methyl
glutaryl coA reductase (the rate-limiting enzyme of cholesterol biosynthesis)
in biopsies from patients with extrahepatic biliary obstruction'5. In contrast,
Orlandi et al found an increased rate of acetate incorporation into digitonin-
precipitable sterols in several patients with obstructive jaundice46. Further
work must be done to clarify this point.

TRANSFER OF CHOLESTEROL FROM TISSUES
The transfer of cholesterol from tissues to plasma need not depend on prior
enhancement of synthesis as retained bile salts might leach out cholesterol
and phospholipid from cellular membranes and cause them to be retained in
the plasma. There is evidence that this might occur in acute experimental
obstruction as biliary ligation caused an approximately equimolar loss of
cholesterol and phospholipid from rat red cell membranes47. The red cell
loss was small relative to the plasma changes but iftherehadbeen simultaneous
loss of these lipids from other cell membranes there would have been no
difficulty in accounting for the observed rise in plasma lipids. Weiss and
Baas tried to confirm this hypothesis and measured the cholesterol con-
centration of liver, kidney, muscle, and fat before and after biliary ligation;
they found no evidence to support it3O.

Transfer of cholesterol and phospholipid from tissues seems an unlikely
explanation for hyperlipidaemia in patients with biliary obstruction. Their
erythrocytes are particularly rich in these lipids48; indeed it is this which leads
to the appearance of target cells49. When normal red cells are incubated in the
plasma of obstructed patients they do not lose membrane lipids but gain
them48. Furthermore in chronic biliary obstruction cholesterol is deposited
in cutaneous xanthomata and in peripheral nerves.

THE ROLE OF LECITHIN CHOLESTEROL ACYL TRANSFERASE
One of the most exciting developments in lipoprotein physiology has been
the demonstration by Glomset and his colleagues of the importance of the
plasma enzyme lecithin cholesterol acyl transferase (LCAT)50. This catalyses
the transfer of fatty acid from the P position of lecithin to the 3 fl-OH group
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of free cholesterol and cholesteryl ester and lysolecithin are produced. The
available evidence suggests that lecithin cholesterol acyl transferase, which
acts in plasma, is largely responsible for the production of plasma cholesteryl
esters. For acyl transfer to occur free cholesterol and lecithin must enter
plasma and one would expect these compounds to accumulate if lecithin
cholesterol acyl transferase activity were reduced (and lysolecithin and
cholesteryl ester levels should fall). Such changes occur with familial de-
ficiency5l of lecithin cholesterol acyl transferase and with biliary obstruction,
although in the latter situation cholesteryl ester may be normal, elevated, or
reduced.

There are other striking similarities between the lipid and lipoprotein
abnormalities of deficiency of lecithin cholesterol acyl transferase and those
of obstructive jaundice52. In both high-density lipoproteins are reduced in
quantity and show similar structural changes as evidenced by chemical
analysis, electron microscopy and analytical ultracentrifugation26'53. The
low-density fraction in lecithin cholesterol acyl transferase deficiency contains
LP-X and also triglyceride-rich particles similar to those found with biliary
obstruction54 55. Very low density lipoproteins show similar changes in both
conditions. Target cells are found in the blood.
As several groups of workers reported low lecithin cholesterol acyl trans-

ferase activity in patients with obstructive jaundice56'57 it seemed possible
that its deficiency might be the cause of obstructive hypercholesterolaemia.
Two observations argue against this simple hypothesis. The first is that free
cholesterol levels in familial lecithin cholesterol acyl transferase deficiency,
in which activity has been very low for a life time, are not as great as those
often observed in patients with chronic biliary obstruction. The second is
that high plasma free cholesterol levels have been found with normal or even
high plasma lecithin cholesterol acyl transferase activity both in obstructed
patients and in animals following bile duct ligation47'59'60. That this activity
was genuinely high was suggested by an accompanying elevation of
cholesteryl ester, as there is a good correlation between plasma lecithin
cholesterol acyl transferase activity and ester levels in a variety of types of
liver disease52. It is also of interest that obstructive jaundice is not associated
with a significant inverse relationship between lecithin cholesterol acyl
transferase activity and free cholesterol levels; this would have been expected
if they were causally related.
Although it is difficult to incriminate reduced activity of lecithin cholesterol

acyl transferase as the sole factor responsible for hypercholesterolaemia it
seems likely that it must play a part in its production, and the elucidation of
the mechanism by which LP-X (and thus a high free cholesterol) appears in
familial lecithin cholesterol acyl transferase deficiency must surely shed light
on the mechanism of its appearance in obstructive jaundice. Deficiency of
lecithin cholesterol acyl transferase per se may account for the other lipo-
protein changes (in high-, low-, and very low-density lipoproteins) as some
of these changes have been shown to be reversed by the action of the enzyme.
Further studies will doubtless lead to a complete understanding of the role of
LCAT in obstructive jaundice.

THE ROLE OF PROTEIN AND PHOSPHOLIPID
The increase of plasma free cholesterol in obstructive jaundice may, of
course, be a secondary phenomenon as an intraplasmatic substance capable

384

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.16.5.379 on 1 M

ay 1975. D
ow

nloaded from
 

http://gut.bmj.com/


The hypercholesterolaemia ofobstructive jaundice

of binding cholesterol could be present in increased amounts. The amount
of cholesterol bound would depend on the quantity of substance present and
its affinity for cholesterol. Seidel and his colleagues invoked such a mechanism
to explain the appearance of LP-X1617. They suggested that the protein of
LP-X was made in the gut and that it had a high affinity forlipid; itaccumulated
in obstructive jaundice because its catabolism was reduced by the disease.
Proof of this hypothesis would require the demonstration that the protein of
LP-X would, upon injection into plasma, bind a lipid mixture similar to that
found in LP-X. The major peptides of LP-X are found in very low-density
lipoprotein and in small amounts in high-density lipoprotein but the lipid
composition of these lipoproteins is quite different from that of LP-X. The
C peptides can transfer from one lipoprotein species to another and it is likely
that they are picked up in this way during the formation of LP-X. It seems
unlikely that de novo they would bind free cholesterol and lecithin avidly and
so induce the formation of a new lipoprotein.

Because hypercholesterolaemia resulted when the bile duct of the rat was
anastomosed to the inferior vena cava Byers and Friedman postulated that
bile acids might be hypercholesterolaemic agents29'30; sodium cholate caused
hypercholesterolaemia and an increase in plasma phospholipid but several
other bile acids did not have this effect60. They also found that the infusion
of phospholipid increased plasma cholesterol without affecting plasma cholate
levels; the plasma cholesterol: phospholipid ratios in these rats were almost
identical, over a wide range of phospholipid concentrations, with those found
in rats following bile duct ligation61, and Friedman and Byers concluded
that it was phospholipid which was primarily responsible for the hyper-
cholesterolaemia of biliary obstruction. They went on to study the source of
the cholesterol appearing in the plasma after phospholipid infusion. The
liver was not essential as hypercholesterolaemia occurred in the liverless
animal62 but its presence was essential for the hypercholesterolaemic effect
ofcholate. Early attempts to detect the origin of the cholesterol, by measuring
the sterol content of various tissues before and after phospholipid infusion,
were not particularly successful63 but eventually they concluded that some was
derived from preexisting tissue cholesterol, largely extrahepatic, and the rest
from an increase in cholesterol synthesis64'65.
The studies of Quarfordt and his colleagues66 support the conclusions of

Byers and Friedman. They obstructed the common bile duct in cholecyst-
ectomized dogs leaving a catheter in place to allow sampling of bile. As
plasma free cholesterol and lecithin rose their concentration fell in the
stagnant bile. When purified egg lecithin was introduced into the biliary tree
almost all of it appeared in plasma and as the plasma lecithin increased
further so did the plasma cholesterol. Quarfordt et al pointed out that while
biliary cholesterol levels were quite inadequate to account for plasma
cholesterol changes plasma phospholipid accumulation could be accounted
for if, for four days, the biliary phospholipids normally excreted in the bile
were to reflux into plasma.
The hypercholesterolaemic effect of intravenous lecithin has been con-

firmed by other workers67, including Quarfordt and Jakoi68. The latter, like
Byers et a164, also demonstrated a significant increase in hepatic cholesterol
synthesis as a result of the phospholipid infusion. This may well have been
due to removal of hepatic cholesterol as it did not occur when an equimolar
amount of cholesterol was given with the lecithin.

4
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The results of these phospholipid experiments are clearly of great relevance
to the genesis of obstructive hypercholesterolaemia as they offer a satisfactory
explanation for many clinical and experimental findings. With biliary
obstruction both cholesterol and phospholipid might enter the blood from
ruptured ductules. Biliary cholesterol per se could not account for the
observed increase in plasma cholesterol levels (at least in the experimental
animal) but as the phospholipid: cholesterol ratio of normal bile is much
greater than that found in obstructed plasma regurgitation of biliary phos-
pholipid alone could explain obstructive hypercholesterolaemia (clinical
and experimental). It could also account for the increase in hepatic cholesterol
synthesis which is seen following acute biliary ligation in animals.

Several groups of workers have studied the fatty acid composition of
plasma phospholipids during biliary obstruction. Quarfordt et al66 found a
marked change in the fatty acid composition of plasma low-density lipo-
protein lecithin. Initially this contained only saturated fatty acids but after-
wards (when LP-X was present) both oleate and linoleate were found; this
would accord with a biliary origin. Picard et a169 looked at the phospholipids
of LP-X and also claimed that their fatty acid composition was similar to
that of bile. The results of Samsoie and his colleagues70 were not conclusive;
in cholestatic jaundice of pregnancy and extrahepatic biliary obstruction they
found reciprocal changes in the palmitic and stearic acid content of plasma
phospholipids which were compatible with a biliary origin but the relative
proportions of oleic and linoleic acids were not appropriate, unless biliary
obstruction had limited the availability of the dietary linoleate for hepatic
lecithin synthesis. This point deserves closer study.

In our opinion the biliary lecithin hypothesis is at present the most satis-
factory explanation available for the hypercholesterolaemia of obstructive
jaundice.

The Clinical Importance of High Free Cholesterol Levels

There are few overt clinical consequences of the hypercholesterolaemia of
obstructive jaundice. The most striking are cutaneous xanthomata which
occur when plasma lipid levels are very high8. They may be scanty or there
may be a widespread eruption with a characteristic distribution in the palmar
creases, in the skin of the palms and soles, around the eyes, and over the
elbows, buttocks, and knees. Areas subject to pressure or to trauma are also
frequently involved.
When palmar and plantar xanthomatosis is severe there may be tenderness

of the affected skin. This has been attributed to the xanthomata themselves,
but in 1965 Thomas and Walker described three patients with evidence of a
mild sensory neuropathy which was associated with xanthomatous deposits
in the peripheral nerves71. Involvement of other tissues appears to be rare.
There are few good descriptions of the histology of the xanthomata of

biliary obstruction and we are not aware of any electron-microscopic obser-
vations. The chemical composition of these deposits has also received little
attention. Thannhauser and Magendantz72 had one analysed: surprisingly
all of the cholesterol was present in the form of ester. We have also analysed a
small number of xanthomata and found a large proportion of ester, although
free cholesterol was also present21.
Ahrens studied the incidence of aortic atheroma in patients with the
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hyperlipidaemia of primary biliary cirrhosis73. Paradoxically the extent of
atheroma seemed to be inversely related to plasma lipid levels. In four patients
with marked cutaneous xanthomatosis there was minimal evidence of
atheroma but in three patients in the prexanthomatous stage of the disease
arterial lesions were present which were disproportionately severe in relation
to the age and sex of the patients.

Despite these observations of Ahrens it has been generally accepted that
ischaemic heart disease is uncommon in patients with primary biliary
cirrhosis. Schaffner has cast doubt on this assumption74. In a review of the
literature he quotes three series in which ischaemic heart disease had been
found in a small number of patients; in his own series of over 50 patients
four had suffered a myocardial infarct and two had severe angina. This
problem deserves further study.
The mechanism for the deposition of cutaneous xanthomata is unknown.

It is widely believed that it is related to the high plasma cholesterol level but
there is another possibility. The deposition of xanthomata in the palmar
creases is seen characteristically in only one other form of hyperlipidaemia.
This is type III hyperlipidaemia in which plasma cholesterol and triglyceride
are both increased due to the accumulation of an abnormal lipoprotein, rich
in triglyceride, which is thought to be an intermediate in the intraplasmatic
conversion of very low to low density lipoprotein75. Muller and his colleagues
have described a similar, though not identical, particle in patients with liver
disease23; its possible role in the formation of xanthomata in liver disease
remains to be elucidated.
Xanthoma formation is not the only way in which excess plasma lipids may

be deposited in the tissues in patients with obstructive jaundice. Their red
cells contain more cholesterol and phospholipid than those of normal
subjects48. This increase of membrane lipids leads to an expansion of the
surface area without a corresponding change in volume and as a result there
is a change in shape. In wet preparations the erythrocytes are 'bowl' shaped
but the drying procedure used for making conventional blood films distorts
them and as a result they appear as 'target' cells49. The appearance of target
cells does not result simply from hypercholesterolaemia as they are seen in
other forms of liver disease in which cholesterol levels are not strikingly
elevated. They may result from the failure of plasma lipoproteins to handle,
without spillover, the free cholesterol added to the plasma; this explanation
would also account for their appearance in familial LCAT deficiency51. It is
possible that an excess of free cholesterol may be deposited in the membrane
of other cells in obstructive jaundice (and in other forms of liver disease) and
that this deposition might play a part in the production of the generalized
metabolic disturbance found in the jaundiced patient.

Obstructive hypercholesterolaemia creates problems in the interpretation
of some laboratory tests. Commonly lipoprotein electrophoresis is used to
type the observed hyperlipidaemia. Because a broad, densely staining 8 band
is found in association with high cholesterol and increased triglyceride a
diagnosis of type Ila or type III hyperlipoproteinaemia is made76 and dietary
and other advice may be given on this basis. Such advice is inappropriate.
The lipoprotein abnormalities of liver disease are quite different from con-
ventional hyperlipoproteinaemias and there is no evidence that the same
approaches to management are useful (see below).

It has long been recognized that sera from patients with liver disease
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inhibit the haemolytic effect of streptolysin 0 and that falsely high titres of
antistreptolysin 0 may be recorded as a result. The protective effective of
these sera seems to be related to their increased content of free cholesterol77.
A true measurement of the antistreptolysin 0 content can be made following
pretreatment of serum with isoamyl alcohol78.

Other haemolytic agents are also inhibited by an excess of free cholesterol,
perhaps because they act by binding with the free cholesterol of the erythrocyte
membrane. Charache and Margolis found that saponin used to prepare
samples for white cell counting by electronic particle counters failed to
haemolyse all the red cells in four patients with extreme hypercholesterolaemia
secondary to liver disease79. This caused falsely high 'leucocytosis'. They
postulated that a stable complex formed between saponin and the free
cholesterol in the plasma and that the action of the saponin on red cells was
thus prevented.
The disfigurement caused by cutaneous xanthomata and the disabling

effects of the peripheral neuropathy have led many workers to try and treat
the elevated plasma cholesterol levels in patients with chronic obstruction.
There is little to suggest that dietary measures would be of value74. Steroids
have been given without obvious benefit74. Cholestyramine and clofibrate
have both been tried. Cholestyramine reduces plasma cholesterol in patients
with familial hypercholesterolaemia75. When given to patients with obstruc-
tive jaundice (in order to reduce itching) it has been observed that serum
cholesterol levels fall and that there may be some clearing of xanthomata80,81.
The changes are not striking and cholestyramine would be an unsatisfactory
treatment if it were used only for its effect on serum cholesterol and on
xanthomata.

Schaffner82 gave clofibrate to several patients with primary biliary cirrhosis
hoping that it would reduce plasma cholesterol. Paradoxically the cholesterol
rose or there was an increase in the size of the cutaneous lesions. We have
also seen patients in whom cholesterol rose after clofibrate. To study the
mechanism of this effect we administered clofibrate to rats following bile
duct ligation83. They showed a much greater rise in free cholesterol and
phospholipid than animals subjected only to biliary ligation; ester cholesterol
and triglyceride concentrations were lower and there were other differences
in the plasma lipoproteins. The results are difficult to explain. They might
fit with the hypothesis (mentioned earlier) that hypercholesterolaemia is a
consequence of regurgitation of biliary phospholipid from damaged ductules,
as it has been claimed that in the rat clofibrate enhances biliary lecithin
output84; in man this effect was not found consistently8". Further studies of
this phenomenon are clearly indicated as they might shed light not only on
the mechanism of obstructive hypercholesterolaemia but also on the way in
which clofibrate produces its hypolipidaemic effect.

Because conventional methods of reducing plasma cholesterol levels are
so unsatisfactory Turnberg and his colleagues used mechanical methods to
reduce cholesterol levels in two patients with severe xanthomatous neuro-
pathy86. In one plasmaphoresis was used; the other patient was treated with
plasma exchange using a blood cell separator. In both patients there was a
striking fall in plasma cholesterol, symptoms improved and xanthomata
regressed. These mechanical methods of treatment are both time consuming
and inconvenient for the patient but they are effective. At present the only
indications for their use appears to be severe neuropathic symptoms and
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possibly disfiguring xanthomata.
There may be other deleterious consequences of the hypercholesterolaemia

(and hyperlecithinaernia) of biliary obstruction. If there are, they await
discovery and if they are found we must hope that our understanding of their
pathophysiology will so improve that we can manage them more efficiently
than we are able to do at present.
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