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The clinical course of the syndrome of essential
hyperlipemia is characterized by cutaneous xantho-
mas, hepatosplenomegaly and recurrent attacks of
abdominal pain. The diagnosis is confirmed by
the milky appearance of a fasting serum sample.
It is interesting to note that 100 years ago Addi-
son and Gull (1) described xanthoma tuberosum
as well as xanthoma tendinosum. Seventy-five
years were to elapse, however, before Burger and
Grutze in 1932 (2) associated the symptoms and
objective findings in this disease and described
the first case of essential hyperlipemia. Since
then more than 50 cases have been reported in
the literature; from Sweden, 10 cases were pre-
sented by Malmros, Swahn and Truedsson in
1954 (3).
Burger and Grutze (2) not only described the

syndrome of essential hyperlipemia, but also made
important contributions as regards the patho-
genesis and therapy of the disease. By alimentary
fat load they demonstrated the existence of
"Dauerlipoidemi." Treatment with a low-fat diet
resulted in disappearance of the cutaneous mani-
festations and of the hepatosplenomegaly. These
findings have since been discussed and confirmed
by several writers (4-7). Thannhauser and
Stanley (5) fed olive oil labeled with 1131 to pa-
tients with essential hyperlipemia and to normal
subjects. They found increased concentration and
prolonged retention of 13" in the blood of the
former group. Havel (8) studied three brothers
with essential hyperlipemia who had a prolonged
retention of glycerides in the blood stream after
a fatty meal. He was able to demonstrate an al-
most complete deficiency of the heparin-induced
lipemia clearing factor. It was suggested that the
cause of the hyperlipemia in these cases apparently

was related to the metabolism of exogenous
glycerides.

Schrade, Becker and B6hle (6) have, however,
pointed out that completely normal blood lipid
levels cannot be obtained in essential hyperlipemia
by dietary means. They concluded that there
is also a faulty metabolism of endogenous glyce-
rides, a theory which has also been advanced by
Schettler, Eggstein and Jobst (9).

In view of these observations it seems probable
that in essential hyperlipemia there is some defect
in the removal of lipids from the blood stream.
The following report concerns some studies on
the metabolism of the serum glycerides in one case
of essential hyperlipemia including the changes in
the blood lipid pattern during the course of a viral
hepatitis.

MATERIAL AND METHODS

Case history. The patient was a 38 year old male
without known heredity of interest. At the age of 27,
xanthoma tuberosum appeared on the elbows. In 1950
a plastic operation was performed on the elbows. In 1952
he was admitted to the medical department of this hos-
pital. Physical examination then revealed a well-nour-
ished, apparently healthy man, with xanthoma tuberosum
on the elbows, the volar aspects of the fingers, and the
gluteal region. On the left Achilles tendon a xanthoma
the size of a walnut was palpable. Standard analyses of
blood and urine gave normal results. The serum cho-
lesterol was 480 mg. per 100 ml.; the total lipids, 1,880
mg. per 100 ml. (gravimetric analysis); and the fasting
serum had a milky appearance. The basal metabolic rate
was -15 per cent. An oral glucose tolerance test was
slightly pathologic. Substitution therapy was given with
a thyroxin preparation (Laevoxin-Nyco), 0.1 mg. daily,
which he has continued to take. He was readmitted to
the hospital in November, 1956, for investigation of lipid
metabolism. His only complaint was slight pain at times
in the cutaneous xanthomas. Apart from these, physical
examination revealed nothing pathologic. The liver and
spleen were of normal size on roentgenographic examina-
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TABLE I

Composition of the serum lipids and lipoproteins

Glycerides a-Lipoproteins

Phospho- Triglyc- Diglyc- Monoglyc- Unesterified Phospho-
Cholesterol lipids Total erides erides erides fatty acids Cholesterol lipids

mg./100 ml. mg.f100 ml. mM/L. mEq./L. mg./100 ml. mg./100 ml.
1,040 810 24.3 23.0 1.1 0.1 0.97 38 82

tion. The BMR was +3 per cent. The serum bilirubin
was 0.3 mg. per 100 ml. Paper electrophoresis was nor-
mal. He left the hospital in December. Afterwards his
blood lipids were analyzed every second or third week.
He was feeling quite well until Feb. 28, 1957, when he
developed pain in the epigastrium. For the first three
days, the pain was rather intense, sometimes radiating up
under both shoulders. The pain then disappeared and the
patient complained only of occasional aching under his
right costal margin. At the same time, he suffered from
mild fatigue and anorexia. However, all the time he was
eating fat as usual. His temperature was slightly ele-
vated, being about 37.20 C. in the mornings. No dis-
coloration of urine or feces had been noted. On March
12 he was hospitalized with a tentative diagnosis of a
viral hepatitis. The examination revealed a slightly
jaundiced man. Some palpatory tenderness was present
in the upper abdomen. Otherwise, the physical exami-
nation was quite normal. Weight was 72.4 Kg. (3
months earlier, 74.7 Kg.). Laboratory findings were a
leukopenia (2,300 W.B.C.), normal differential count,
normal hemoglobin and slightly increased sedimentation
rate. The Meulengracht index was 1: 24 on March 12.
The subsequent clinical course has been summarized in
Table III. Treatment consisted of bed rest without dietary
restrictions and injections of B-vitamins (B,, B2 and B,).

Extraction and purification of blood lipids. Venous
blood samples were allowed to clot for about 1 hour at
room temperature. In the heparin-induced clearing ex-
periments, heparin was added to the blood samples in
amounts sufficient to inhibit the clearing reaction (10),
and the plasma was extracted as soon as possible. Serum
or plasma was extracted with chloroform-methanol (2: 1,
v/v), the extract purified by washing and then subjected
to chromatography on silicic acid as described earlier
(11, 12).
Glyceride determinations. The glyceride concentration

was determined by estimation of glyceride glycerol (11,
12). Tri-, di- and monoglycerides were separated on
silicic acid according to Borgstrbm on a microscale (11).

Cholesterol determination. Total cholesterol was de-
termined by a slightly modified Tschugaeff reaction on
saponified samples (14).

Phospholipids. Lipid phosphorus was analyzed by
wet combustion and converted to phospholipids by a fac-
tor of 25.

Unesterified fatty acids. The free fatty acids in the
lipid extract were separated off by an ion exchanger ac-
cording to Borgstrom (13), converted to methyl esters

and estimated by means of the hydroxamic acid reaction
(15).
Lipoprotein separation. The serum lipoproteins were

separated chromatographically on glass powder (16).
Only two major fractions were obtained, viz. the a-lipo-
proteins and the p-lipoproteins plus the very low den-
sity lipoproteins. Cholesterol and phospholipids were
determined on chloroform-methanol extracts of the
separated fractions.
In vitro clearing experiment. Partially purified post-

heparin clearing factor was prepared from human plasma
according to Nikkila (17). Normal chylomicrons after
a fatty meal and the patient's chylomicrons were sepa-
rated by centrifugation at serum density of 25,000 X G,
washed twice and recentrifuged at 25,000 X G. The
chylomicrons were incubated with the clearing factor
preparation at pH 7.4 in a 5 per cent albumin solution.
Aliquots were pipetted off at different time intervals di-
rectly into chloroform-methanol and the glyceride con-
centration was estimated as described above.

Glucose tolerance test. One hundred Gm. of glucose
was given in the fasting state and the blood sugar de-
termined at half hourly intervals (18).

Liver function tests. The icteric index according to
Meulengracht was estimated as a measure of the degree
of jaundice (19). The upper normal limit is 1: 6. Alka-
line phosphatase was performed according to Buch and
Buch (20), the normal value being below 9 units. The
thymol test was done according to McLagan (21), a
value above 4 units being pathological.

Transfusion experiment. From the patient's fasting
blood plasma, with a glyceride concentration of 9.85 mM
per L., 250 ml. was transferred to a healthy volunteer
who had been fasting for about 16 hours and continued
fasting throughout the experiment. The transfusion was
given at a constant rate and was completed within 20
minutes. No untoward reaction was observed.

RESULTS

The composition of the serum lipid and lipopro-
teins when the patient was admitted in November,
1956, is shown in Table I. Total lipids amounted
to about 4 per cent. Cholesterol and phospholipids
were increased about four times above normal
levels, while the glycerides were increased about
20-fold. The amount of lower glycerides was
higher than normal, but the percentage composi-
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FIG. 1. BLOOD LIPIDS DURING STARVATION
Glyceride concentration is given in mM per L.; cholesterol, in mg. per 100

ml.; and free fatty acids, in mEq. per L.

tion showed no major deviation from the normal
(11). The content of unesterified fatty acids was

slightly above normal level, which in 10 normal
persons was found to be 0.69 0.10 mEq. per L.
with the present technique (15). The a-lipopro-
teins, on the other hand, were present in normal
amounts and exhibited a normal cholesterol/ phos-
pholipid ratio. In the patient's available relatives

mMol/L

1s
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1,0 -5

* TrigLycerides
o Di Is

0
X Mono II

0

0 1 2 3 4 hours

FIG. 2. RESPONSE OF THE SERUM GLYCERIDES TO A SINGLE
INTRAVENOUS HEPARIN INJECTION

The partial glycerides are referred to the enlarged
scale.

(father and father's sister) the serum lipids were

within normal range.

Starvation experiment. The patient starved
for 96 hours, ingesting only mineral water and vi-
tamins. The variations of the serum lipids during
the starvation period are presented in Figure 1.

The experiment was terminated by the oral ad-
ministration of 100 Gm. of glucose (indicated by
the arrow in Figure 1). Within two hours after
the administration of glucose, the unesterified

mMol/L

10.

0 2 4 6 hours

FIG. 3. RESPONSE OF THE SERUM GLYCERIDES TO RE-

PEATED INTRAVENOUS HEPARIN INJECTIONS
Fifty mg. of heparin was given at the points indicated

by arrows.
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fatty acids had diminished from 2.0 to 0.9 mEq.
per L. and the glycerides from 8 to 6 mM per L.
Heparin tests. These experiments were per-

formed in two ways. First, the effect of a single
intravenous injection of 50 mg. of heparin was
studied by analysis of the concentration of tri-,
di- and monoglycerides at various time intervals
(Figure 2), and second, the concentration of total
serum glycerides was followed after repeated in-
travenous injection of 50 mg. of heparin (Fig-
ure 3).

In vitro clearing experiment. The results ob-
tained when normal chylomicrons and chylomi-
crons isolated from the patient's serum were in-

Glycerides
JJMO/ml

10

05

In vitro clearing

mMol

1.5

1,0

0.5]

Transfusion experiment
les/L

0 50 100 150 200 250 300minutes

FIG. 5. SERUM GLYCERIDES IN A NORMAL HEALTHY
ADULT AFTER TRANSFUSION OF PLASMA FROM THE HY-
PERLIPEMIC SUBJECT
The transfusion began at time 0 and ended at 20 minutes.

Glucose tolerance test. The blood glucose re-
O Patient sponse to oral glucose is given in Table II.
* Normal Blood lipids during viral hepatitis. The clini-

cal course of the hepatitis has been summarized in
Table III. The serum lipids during the course
of, and the recovery from, the hepatitis can be
followed in Figure 7. The fasting serum sample
on admission (March 12) was almost clear in
contrast to the earlier creamy appearance of fast-
ing specimens. It is of interest to point out that

TABLE II

Oral glucose tolerance test
0 30 60 90 120 minutes

FIG. 4. IN VITRO CLEARING OF THE PATIENT'S CHY-
LOMICRONS AND NORMAL CHYLOMICRONS UPON INCUBA-
TION WITH PARTLY PURIFIED POSTHEPARIN CLEARING
FACTOR

cubated with partly purified postheparin clearing
factor are given in Figure 4. It is quite evident
that the patient's chylomicrons were not as read-
ily attacked by the clearing factor preparation as
were normal chylomcirons. Addition of more
albumin did not influence the rate of hydrolysis.

Transfusion experiment. Figure 5 shows the
glyceride concentration in the recipient's plasma
during the transfusion experiment. To permit
study of the kinetics of glyceride removal from
the blood stream, the values were plotted on a
logarithmic scale (Figure 6). The resulting curve
was resolved into two exponential functions, num-
ber one being extrapolated from the curve best fit-
ting the experimental points. The half-lives for
the two functions were about 1,100 and 30 min-
utes, respectively.

Time*.. 8:00 8:30 9:00 9:30 10:00 10:30

Blood sugar 105 248 265 235 140 96
(mg./100 ml.)

* 100 Gm. of glucose was given at 8:00.

Transfusion Experiment
Removal rate of the glycerides

Concentration increase
mMOl/L

0.5

0.3 -1

0.1

tl/2 =30min

0

0 60 120 160 240 300 minutes

FIG. 6. SEMILOGARITHMIC DIAGRAM FROM THE TRANS-
FUSION EXPERIMENT (FIGURE 5)

The transfusion was finished at time 0. The concen-
tration was calculated from the pretransfusion level.

857

-



LARS A. CARLSON AND BORJE OLHAGEN

TABLE III

Clinical course and some laboratory data during the course of a viral hepatitis

Date. 12/3 13/3 20/3 27/3 3/4 10/4 29/4 27/5

General Jaundiced, Jaundiced, Improved, Still more Only Has left the Excellent
appearance tired tired not so improved, slightly hospital

tired out of bed tired (13/4)
2 hr. a day

Weight (Kg.) 72.4 72.0 72.5 74.1 73.1
Morning tem-

perature (0 C.) 37.1 37.0 37.C 36.6 36.6
Meulengracht

index
(Normal, <1:6) 1:24 1:20 1:20 1:9 1:8 1:8 1:6 1:4

Thymol test units 2 6 6 8 8 5 4
Alkaline phos-

phatase, units 11 13 11 14 12 4 5

the blood lipids had already started to decline on
February 18, 10 days before any subjective symp-
toms had appeared. The percentage composition
of partial glycerides on March 12 was normal, and
the concentration of unesterified fatty acids was
0.94 mEq. per L. No clearing activity could be
demonstrated in the patient's blood upon incuba-
tion of his plasma with chylomicrons. During
the incubation studies no changes in optical den-
sity or in unesterified fatty acid concentration were
observed.
The effect of an alimentary fat load was studied

on two occasions during the illness. The fat was
given in the form of cream containing 40 per cent

fat. The first fat load was given after three days
at the hospital when the blood lipids were still de-
creasing. The second fat load study was per-
formed after one month at the hospital when the
blood lipids were tending to increase. Both tests
gave qualitatively similar results, as shown in
Figure 8.

DISCUSSION

The typical clinical features in this case were
the cutaneous xanthomas and the grossly elevated
content of glycerides in fasting serum samples.
The fact that the concentration of unesterified fatty
acids was slightly elevated is difficult to evaluate

mMot/L

* GLycerides
o CholesteroL
X PhosphoLipids

7il l1ib 27/ *t 1E 22 8,. a2p 7/ 27/4 7/5 17/5
FIG. 7. BLOOD LIPIDS AND MEULENGRACHT INDEX DURING VIRAL HEPATITIS

Glyceride concentration is expressed in mM per L.; cholesterol and phos-
pholipids, in mg. per 100 ml.

858



STUDIES ON A CASE OF ESSENTIAL HYPERLIPEMIA

mMol/L

10.

5.

Alimentary Lipemia after standard fat meat

o Patient 14 3, 50g fat
* Patient 12.4, 0Bg fat
X Normal case lOOg fat

6 . 8 12 16 20 2/A hours

FIG. 8. SERUM GLYCERIDES AFTER A STANDARD FAT
MEAL IN THE PATIENT AT Two DIFFERENT TIMES AND

IN A NORMAL SUBJECT

in view of the lability of this fraction. In vitro
incubation of the patient's serum did not give rise
to any lipolysis of significance. Normal levels of
unesterified fatty acids in essential hyperlipemia
were reported by Dole (22). The a-lipoprotein
concentration was normal, in contrast to the find-
ings of Havel and Gordon (23).
Although the glycerides decreased during the

three first days of starvation, the level was not re-

duced below 8 mM per L. On the other hand,
normal subjects starving for three days showed an

increase in the serum glycerides which, however,
did not exceed 1.5 mM per L. (11). Havel and
Gordon (23) studied a case of essential hyperlipe-
mia which, during starvation with an R.Q. of 0.73,
had an essentially normal blood lipid pattern.

Their interpretation was that the endogenous
lipid metabolism was operating in the normal way

in this patient. The findings during starvation,
suggest that, in our patient, there was a faulty
metabolism of endogenous glycerides.
The increase of unesterified fatty acids during

the starvation period was similar to that reported
for normal individuals during starvation (24).
The immediate fall in this fraction after glucose
feeding is on a par with earlier findings in normal
subjects (22, 25).

Heparin administration in this case of essential
hyperlipemia resulted in a reduction of the glyce-
ride concentration. Several writers have noted
this type of response in essential hyperlipemia (26-

30). Others, however, have reported absence of
heparin response (8).

After a single heparin dose in our case, the re-
action of the partial glycerides was the same as in
normals (31). The principal feature was a de-
crease of triglycerides and an increase of mono-
glycerides. This glyceride pattern during lipemia
clearing can be explained if the clearing factor
primarily attacks the a-ester bond in the glyceride
molecule (32).
A considerably decreased plasma glyceride con-

centration was obtained when heparin was ad-
ministered three times at intervals of two hours.
The glyceride level then fell by about 60 per cent
in six hours.

These heparin experiments showed that the
patient's capacity to produce clearing-factor ac-
tivity in his blood was similar to that of normal
persons. Further, the mechanism for removing
fatty acids-principally serum albumin-must have
been intact, since otherwise an accumulation of
these products of hydrolysis would necessarily
have retarded, and finally inhibited, the clearing
reaction.
The in vitro clearing experiment indicated that

the very low density material isolated from the
patient was not as readily hydrolyzed by the clear-
ing factor preparation as were normal chylo-
microns. This has been shown earlier in essential
hyperlipemia from this laboratory (11). The be-
havior is, however, once again in contrast to that
found in Havel's patients, where the chylomicrons
served as an excellent substrate for the lipoprotein
lipase (8).
When the glyceride increase in the transfusion

experiment is plotted on a semilogarithmic scale
versus time, the curve could be resolved into two
exponential functions. This procedure requires
the assumption that the endogenous glyceride level
remained unchanged in the recipient during the ex-
periment. In a study of the glycerides during
starvation in normals, no increase was found be-
fore 39 hours ( 11 ) nor were any consistent
changes observed in repeated blood samples dur-
ing the early phase of starvation after an overnight
fast (33). These findings seem to justify the
above assumption.
The behavior of the glycerides was strikingly

different from what has been reported to occur
when chylomicrons are transfused to dogs (34)
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and rats (35). In these experiments the elimina-
tion from the plasma was a simple exponential
function of time. Havel observed the same first
order reaction for the elimination of the glycerides
when a normal man was transfused with plasma
from one of his patients with essential hyperlipemia
(8). Eder transfused chylous ascites to a patient
with carcinoma and found that the removal was
first rapid, with a half-life of 15 minutes, but that
there was a second and slower component with a
half-life of two hours (36). The half-life of the
first phase in our case is of about the same mag-
nitude as that reported earlier in animals (34, 35)
and man (8, 36). Any second phase of the mag-
nitude observed here has not been seen when puri-
fied chylomicrons have been studied nor when hy-
perlipemic plasma was given to a normal indi-
vidual (8). In the case of chylous ascites, on the
other hand, a second phase was observed. How-
ever, the half-life for the second phase in our case
was much longer.
The second slope could result either from a

distribution in a second pool or from a hetero-
geneity of the glycerides. The magnitude of this
second component of the curve, when compared
to available data on the removal of chylomicrons,
makes the latter view appear the most probable.
If so, this glyceride fraction consisted of about
30 to 40 per cent of the transfused amount of
glycerides.
The slightly pathologic glucose tolerance curve

is of great interest. Similar findings have been
reported earlier in essential hyperlipemia and
compiled by Lever, Smith and Hurley (37).
Adlersberg and Wang have described the syn-
drome of essential hyperlipemia, mild diabetes
mellitus and severe vascular damage (38). There
was, however, no evidence in this patient of any
vascular disease.
The decreased glyceride level during the hepa-

titis is to be ascribed to a change in the metabolism
of either exogenous or endogenous glycerides or
both. There seems to be no reason to assume a
decreased glyceride level due to a diminished fat
intake as far as could be judged from the history
and the eating habits during the hospital stay.
Furthermore the decrease was already observed
on February 18, 10 days before any subjective
complaints. Similarly, a decreased intestinal ab-
sorption of fat of such a magnitude as to influence

the blood glyceride level seems rather unlikely.
It is known from studies in animals (39) and man
(40) that in the total absence of bile 60 to 70 per
cent of the alimentary fat is absorbed. Further-
more, the amount of fat in feces during hepatitis
is directly correlated with the bilirubinemia (41,
42), and in our case the glycerides decreased be-
fore the jaundiced stage and continued to decrease
when the bilirubinemia leveled off. Interestingly,
no significant rise in blood lipids during fat absorp-
tion was observed in dogs with bile fistula (43).
In bile fistula rats Borgstrom found that, at the
most, 25 per cent of the absorbed fat was trans-
ported via the thoracic duct lymph (44). How-
ever, a significant rise in the serum glycerides was
seen in our patient after a fatty meal during the
hepatitis. Thus, the liver disease does not seem to
have exerted any significant influence on the re-
sorptive phase of the metabolism of exogenous
glycerides. It has not been possible to quantify
the elimination phase, although the resorption
curves in Figure 8 suggest that this phase was
quantitatively of the same magnitude when the
glycerides were dropping sharply as when they
had started to increase. Furthermore, this phase
definitely differed from what is seen normally,
with a greater increase and a prolonged retention
of the glycerides in the blood stream, indicative of
a decreased removal rate of the alimentary chylo-
microns in this patient even when the plasma lipids
were at their lowest value during the hepatitis.
The possibility that the metabolism of endo-

genously derived glycerides was altered is sug-
gested by 1) the fact that in spite of the greatly
decreased glyceride level no maj or influence was
observed on the metabolism of exogenous glyce-
rides, and 2) the close parallelism between the
cholesterol and glyceride levels during the disease.
The blood cholesterol is known to be synthesized
in the liver and the above-mentioned close paral-
lelism between the two types of lipids might sug-
gest that the liver damage per se had caused a de-
creased synthesis of triglyceride-rich lipoproteins.
It is of interest in this connection that a decrease of
the Sf 100 to 400 classes of lipoproteins, known
to be very rich in triglyceride (45), has been re-
ported in hepatitis (46) although the total level
of glycerides seemingly is not decreased (47).
The findings in this case of essential hyper-

lipemia have indicated that the lipoprotein lipase
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system (lipemia clearing factor system) is intact
upon heparin administration while on the other
hand the metabolism and transport of endogenously
derived glycerides is definitely changed from the
normal state. This is of great practical, as well
as theoretical, interest in view of the fact that cases
of essential hyperlipemia with defective lipoprotein
lipase system and normal metabolism of endoge-
nous glycerides have been reported (8, 23).

SUMMARY

A case of essential hyperlipemia was studied
with special reference to the serum glycerides.
The main findings were as follows.

1. The serum glycerides were greatly increased.
The percentage composition of tri-, di- and mono-
glycerides was normal. Total cholesterol and
phospholipids were moderately elevated and the
unesterified fatty acids slightly increased.

2. Starvation for four days reduced the serum
glycerides and increased the unesterified fatty
acids. The glyceride level was, however, still 10
times above the normal value.

3. Heparin administration decreased the glyce-
ride level. The response as regards partial glyce-
rides was qualitatively normal.

4. In vitro incubation of the isolated, very low
density lipoproteins with partly purified post-
heparin clearing factor resulted in an abnormally
slow hydrolysis of the triglycerides.

5. Transfusion of the patient's plasma to a nor-
mal recipient revealed at least two exponential
functions for the removal of the glycerides with
half-lives of about 30 and 1,100 minutes.

6. During a viral hepatitis, the patient's milky
plasma became almost clear. The principal find-
ings in the blood lipid pattern during the hepa-
titis was a simultaneous, pronounced decrease of
cholesterol and glycerides starting before any
subjective symptoms had appeared. After heal-
ing of the hepatitis, the blood lipids started to
increase.
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