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Abstract. Indireet evidence suggests that lecithin: choles·
terol acyltransferase (LCAT) is synthesized in the liver. There
are, however, controversial reports in the literature correlating
LCAT activity with various forms of liver disease. The purpose
of this study was to determine LCAT activity in icteric pa·
tients. These were classified not only by the conventional
methods, but also with respect to the presence or absence of
LP·X, an abnormal plasma lipoprotein, highly specific for
demonstrating or exeluding eholestasis. LCAT was measured
at different stages of the disease. The patients were divided
into 4 groups: 1. Hepatitis with cholestasis (LP.X pos.) [17];
11. Hepatitis without cholestsis (LP·X neg.) [12]; IIr. Extra·
hepatic biliary obstruction (LP·X pos.) (10]; IV. Chronic liver

In normal human plasma approximately two thirds
of the serum cholesterol is esterified [I]. In patient.s
with liver disease, however, the percentage of choles·
terol wh ich is esterified may vary to a considerable
extent and is often lower than in normals. The reason
for this altered ratio of esterified to unesterified
cholesterol in liver disease is not fully understood. 1t
has recently been proposed by several investigators
[2-6) that low lecithin: cholesterol acyltransferase
(LCAT) activity in plasma may be responsible for this
characteristic lipid pattern. In agreement with earlier
studies by Turner et al. [7) these authors demonstrated
that this serum enzyme which catalyzes the transfer
of fatty acids from the ß position of lecithin to the
3·ß-OH group of cholesterol [8,9) is reduced in almost
all liver diseases. The question arises, however,
whether LCA T alone is responsible for the fall in the
ester: free ratio especially in the light of recent findings
by several investigators [10-13] who demonstrated an
abnormal low density lipoprotein designated lipo.
protein-X (LP-X), which can only be detected in
plasma of patients with cholestasis [14). It is now weil
known that the plasma low density lipoproteins (LDL)
in biliary obstruction are characterized almost ex·
ciusively by the presence of two immunochemically
distinct lipoproteins, lipoprotein.B (LP.B) and lipo·
protein-X (LP.X). LP-X has an uniquely high content
of unesterified cholesterol and phospholipids and is
thereby at least partially responsible for the plasma
lipid alterations in obstructive jaundice [12-13]. The
immunochemical detection of this abnormal lipoprotein
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failure (LP·X neg.jpos.) [11]. Compared to normal controls
[15], patients from group I had low, group Il had normal,
group III had normal and group IV had low LCAT activity.
In vitra studies clearly excluded the existence of circulating
inhibitors of LCAT. From these data it is suggested that the
ratio of esterified to unesterified cholesterol in liver disease
depends on two factors: LCAT activity and the occurrence of
the abnormal lipoprotein-X. Furthermore these results indicate
that combined determinations of LCAT and Lp·X may prove
to be useful techniques for differentiating intra- and extra
hepatic cholestasis.

Key wort/sc LCAT, LP·X, lipids in liver disease.

has been found to be specific for any form of chole
stasis [18]. And thus this test proved to be very useful
in differential diagnosis of liver disease [14). It seemed
reasonable therefore to determine LCA T and LP-X in
parallel in patients with various forms of liver dis
orders. In this study LCA T was assayed in icteric and
non-icteric patients who were classified not only by the
conventional mcthods and laboratory data but also
with respect to the prcsence 01' absence of LP-X. From
these results it becomes apparent that the ratio of
esterificd to unesterified .cholesterol in liver disease
probably depends on two factors: LCA T activity and
the occurrence of the abnormal lipoprotein-X. Further·
more these results indicate that parallel determina
tions of LCAT and LP-X may prove useful fm dif·
ferentiation between intra- and extrahepatic chole
stasis.

Jlaterials and )Iethods

Patients

Lecithin: cholesterol acyltransferase (LCAT) activ
ity in serum was measured in a control group of 15
healthy volunteers (aged 20 to 49 years). None of
these volunteers had abnormalliver function t.est.s and
both their lipid levels as weil as their lipoprotein
patterns were within the normal range. 52 patients
with either biliary obstruction 01' parenchymal liver
disease werc included in the study. 17 patients were
hospitalized for hepatitis with cholestasis, 12 for
hepatitis without cholestasis, 10 for extrahepatic
biliary obstI'Uction and 11 for chronic liver failure.
Diagnoses were confirmed by liver biopsy andfor
operation. Clinical dat.a from all patients are sum
marized in Tables 1-4.
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Uronp Size.\Ica n Standard deviation

I
17O.3S18 0.0902

11
120.748:3 O.1OmIII 100.71 JO0.14:j{j

IV
110.2900 0.1239

Stati81ical Calcl/lations

Analysis of varianee for a one-way design was
done on the LCA T aet.ivity in thc foul' gl'OUps: hepa
titis with eholestasis (group I), hepatitis without
eholestasis (grollp II), extrahcpatie biliary obstruetion
(group III) amI chI'Onie liver failure (grüup IV)

Rl'sults

The total radioaetive eholest,erol esterified in 6 h
was direetly proportional to the amount of added
plasma over a range of 0.01-0.1 ml (Fig. 1). For sub
sequent assays 0.05 ml of plasma were used routinely.
The enzyme reaetion proceeded linearly for about 6 h
(Fig. 1). No signifieant differences in LCAT aetivity
were found when serum from two normals was deter
mined three times a day over a seven day period. In
15 healthy contral subjeets with normalliver function
tests serum LCA T aetivity ranged f!'Om 5.6-11.2 n Mol
J.lC-eholesterol ester/ml/h X 10-2 (Fig. 2). Any patient
with LCAT aetivity lower than the lowest normal was
defined as having low LCAT aetivity.

Patients with various forms of liver disease wel'e
divided into four groups (Fig. 3). Clinieal and labora
tory findings of these patients are summarized in
Table 1-4. Group 1: 17 patients had aeute hepatitis
ami eholestasis as defined by a positive LP-X im
munoehemieal reaetion. Group Il: 12 patients had
aeute hepatitis without eholestasis (LP-X negative).
Diagnosis in all patients from groups I ami II were
confirmed by liver biopsy. Group III: 10 patients hael
extrahepatie bilial'y obstruetion anel were also LP-X
positive. In all these patients diagnoses were eon
firmed by laparotomy. Graup I V: 11 patients wit.h
ehronie liver failure. Three of these \\'ere LP-X posi
tive, the others had no evidence fol' eholestasis as
demonstrated by a negative LP-X l'eaetion. Most of
these patients had liver eilThosis. Diagnoses n'erc also
confirmcd by liver biopsy. Fig. :3 summarizes LCAT
aetivity in all patient.s of these various groups. Com
pa red to normal controls all paticnts in group I had
low LCAT aetivity, patients in group II had normal
LCAT aetivity, patients from group III had normal
and patients from group IV had low LCAT aetivity.
\Vhen free and esterified eholesterol were determincd
in these grau ps a mean csterificd /total eholesterol ratio
of :30% in groupl, 61% in groupII ami 45% in
group III was fonnd.

Enzyme Assay

LCAT aetivity was assayed by measuring the
ability of serum to esterify labelled substrate eholes
terol. The method has reeently been deseribed in
detail by lÜttermann and Wolfmm [15]. 1. Pooled
human plasma (pH 7.5) heated for 20 min. at 56°C to
inaetivate LCAT aetivity served as the substrate. The
free eholesterol eoneentration was adjusted to 30 mg/
100 ml plasma by dilution with 0.9% NaCl. Aliquots
of this plasma were stored at -15°C and were used
du ring this study. II. 26-14C-eholesterol (NEN Chieago,
spee. aetivity 57 f-lC/f-lMol)was dispersed in a solution
of human albumin (Behring Werke, Marburg, Gel'
many) as deseribed by Porte and Havel [16]. Radio
aetivity was 0.5 f-lC14C-eholesterol per ml stock solu
tion. Ineubations were done in 10 ml Dole tubes. Eaeh
vial eontained: (1) 350 f-ll of solution I, (2) 100 f-ll of
solution II and (3) 50 f-llsemm as the enzyme source.
All sampies were mn in duplieate. Ineubations were
done at 37°C for 6 h in a metabolie shaker. Total
lipids were extraeted as deseribed by Dole [17] ami
separated by thin layer ehromatography (petrolether/
ether/aeetie acid = 80/20/1 v/v). The areas eontaining
eholesterol and eholesterol esters were visualized by
exposure to iodine vapours and seraped into eounting
vials after the sublimation of iodine. Radioaetivity
was determined in a liquid seintillation speetrometel'
(Paekard Tri Carb Modell 3380) equipped with ex
ternal standard for quenehing eorl'eetion. LCAT
aetivity was expl'essed as n Mol 26-HC-eholestel'Ol
ester/ml/h X 10-2• Agreement between paired sampIes
was always >'94%.

Blood Chemical Te8ts

Lipoprotein-X (LP-X) detel'minaitons were per
formed by the method of Seidel [18], determinations
of Australia Antigen (AuAg) by the method of Shuman
et al. [19]. Triglycerides (TG) wel'e measured fluoro
metrieally with a Teehnieon Auto Analyzer (Teehnieon
Instruments Corporation, Channeey, N.Y., U.S.A.)
using the standard teehnique of Kessler and Lederer
[20]. Total eholesterol (CHOL), eholesterolestel' (CE)
and free eholesteral (FC) were measured by the
method of Sperry and Webb [21] after separation by
thin layer ehromatography. Lipoprotein eleetrophor
esis was performed as deseribed by Greten et al. [22].
Serum transaminases GOT and GPT, and alkaline
phosphatase were measured by standard teehniques
using the LKB Ultrolab System 8600 Reaetion Rate
Analyzer (LKB Produkter AB, S-16125 Bromma 1
Sweden). Total bilirubin determinations were per
formed using a Teehnieon Auto Analyzel' by standard
teehniques .

Normal Value8 jor Blood Chemical 'l'ests

(Chemieal laboratory, Department of Internal
:\Iedieine, University of Heidelberg).

GOT
G1'1'

Bilirubill
Alk. Phos.

<: 12 mU/ml
< 12 mU/ml
<: 1.0 mg/lOO mi
<48 mU/ml
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Fig.4. Lelt: LCAT aetivity in patients with hepatitis and
cholestasis (group 1) during follow-up study. Rigltt: LCAT
activity in patient,,; who had hepatitis without intrahepatic
cholestasis (gl'Oup 11) during follow-up study. Patients with
LCAT aetivity < 5.6 ni\lol HC-CEjmljh X 10-2 wem 1.P-X
positive. Paticnts with LCAT activity > 5.6 (above the broken

line) were LP·X negative
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Fig.:1. 1.CAT aetivity in 52 patients with different forms of
liver disease (group I-I V)

Analysis of Variance

Sums of

DFMeanF-Hatio
sq uares

squares

Between groups

1.8\162:~0.632150.15:30

\Vithin groups

0.57\1746O.OI2G

Total

2.4 75949

The F-Ratio means cx< 0.001.

Furthermore the lineal' regression was perfol'med
for free eholesteroljLCAT aetivity in groups I ami 11.

With eholesterol as independent, varialbe x and
LCAT as respom;e variable y, regression analysis
indieated no association between x and y. The regres
sion eoeffieiellt b] = -0.02 was not true in t.he respec
t.ive population.

A 11alysis of Varia11ce for th.e Regressio11

Sums ofDF)lean F-Ratio
squares

sqaures

Regression

12.560G9112.56069:(041:11
Deviat.ion of reg.

99. f 2070244.1:~00:!
Total

111.681:\825

The F-Ratio means cx =0.05.

From t,hese statist.ieal ealeulat.ions it becomes ap
parent that the difference between groups is great.t'1'
than within gJ'Oups (cx < 0.001). Thus group 1 is in
dependent from group Ur. Furthermore the statistieal
analysis incIieates that. we eould not prove a linear
regression between free eholesterol and LCAT aet.ivit.y
(b] = -0.02) in group 1and II. With cx = 0.05 a linear
regression might be possible, however, if eithel' a largcl'
grou}> of patients andjor a second parameter were
a vailnble.



1'01.2. No .. 5, 1972 H. Wengeier et fll.: Serum Cholest-erol Esterifie,Üion in Livt'r Disease ;175

'fable 1. Clinical data from 17 patients with hepatitis and intrahepatic chole.~t<lsis. LCAT activity expressed as n ~lol14C·ChoI·
esterolester/ml/h X 10-2

Xo. Age Sex LCAT LP·X TG Chol

mg/100 ml

CE/ FC GOT GPT

mU/ml

Alk.
Phos.

m U /ml

Bilirubin AuAg
mg/100 ml

2
:~
4
5
Ö

7

8
9

10
11
12
I:~
14
15
16
17

33
70
22
47
60
50
20
2;1

:12
22
28
19
65
32
70
59
Q'_i>

4.8
3.4

5.0
3.9
4.6
:!..'i
5.6
2.4

:t5
:~.8
4.2
:1.4

:U
;U
;~.2
2.2
4.6

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

460
156
255
118
204
12:3
165
172
75

:J05

20:3
112
:n9
200
17H
158
1:~0

2 lIi !i;~/lIi 1
I!iH :n/l19
168 84/ 84
119 47/ 72
14:~ 44/ 9!!
138 (H/ 77
2/(i 72/144
18;1 47/1:~(j
230 ;39/191
210 88/122
184 ;34/150
1Hi ;n/ 79
:t44 98/24H
;125 H9/256
2:~7 108/129
121 44/ 77
160 9:~/ H7

2;'

2;1
50
;m
;W
44
;W
25
17
42
18
:12
28
21
46
:1(;

58

40;~
456
224

228
;364
100
152
;~60
128
ß96
480
720
:I;W
fi2H

94
24
75

;110

HOO

290
240
52S

.'i0

258
580
180
480
204

492
2ÜO
52S

88
9

IHO

3ü
(i8
82
41
78
;38

5ß
70
71
84
92
H8
90
fi8

lli2

44
46

1fi.0

1;1.0
12.0
4.:3

10.8
2.8
;t2
2.5

11.2
10.0

10.:3

1:3.0

(j.8
().ß
2.9
5.5

+
+
+
+
+

+

Table 2. Clinical data from 12 patient<! with hepatitis without intrahepatic cholestasis

Xo. Age Sex LCA'f LP·X TG Chol

mg/100 ml

CE/FC
CE

GOT GPT

mU/ml

Alk.
phos.
mU/ml

Bilirubin AuAg
mg/WO ml

2
:1

4
5
6
7
8
9

10
11
12

41
;!l
20
;W

18
;15
70
;10
30
27
64
65

7.7
8.0
7.2
5.7
8.4

6.9
8.8
;3.9
8.8
7.0
7.7
7.7

15fi
1U0
I:JO

260
80

112
150
60

210
50

178
200

1ß7
201
148
216
154
204

218
102
259
136
;~52
240

112/ :35
126/ 75
98/ 50

119/ 92
88/ H6

129/ 7:3
1;{H/ 82
(j:t/ :19

1;~fi/124
8ß/ 50

21!i/t:n
1.'i6/ 84

67
H2
()(i
5(;
fi7

62
H;~
(j1
:'")2

ß;I
61
(i5

27
:!l
17

2M
lliO
492
1:/0
45
90

110
72
24

44
54
25

;124

120
240
120
27
.'i2

125
68
:I(j

40
52
;13
80
H8
80
f)2
t:~
80
:n
80
71

0.8
1.8
1.0
().O

1.0
0.6
0.8
1.1
:1.8
0.7
fi.O
0.9

+

Table 3. Clinical data from 10 patients with extrahepatic biliary obstruction

Xo. Age Sex LCAT LP·X TC Chol

mg/loo ml

CE/FC
CE

GOT CPT

mU/ml

Alk.

phos.
mU/mI

Bilirubin AuAg
I1lg/l 00 ml

1
2
:1

4
5
Ü
7
8
9

10

42
65
:~8
38

45
79
ü3
70
65
50

8.:~
H.45

7.7
7.0
9.9
7.1
, Q

öJ •.••..

7.;!
6.0
7.0

+
+
+
+
+
+
+
+
+
+

1:{0

15fi
20.'i
223
143
143
250
160
170
130

2;{4

:1;31

348
272
19:1

:t50
;30r,
24:'

211
201

137/ 97
128/20;1
156/192
128/144
95/ 98

182/168
81/424
H9/14ü
75/13(j

129/ 72

58
;19
4fi

47
.'i0
,,2
Iß
40
35

1)4

45
82

108
128
120
120
80
2:J

1fj
52

100
13;1
168
1:{0

172
172
260

tu
12
fJ8

()(i
180
120
220

!J()

9H
210
150
180
130

8.0
10.:1

;U;
7.7

10.0
10.0
1:1.0

8.0
:'.0
5.!1

5 patients with Ileute hepatitis and eho\estasi:-;
(group I) were studied serially. As seen on Fig. 4- the:;e
patients had \OW LCAT aetivity as lung as eholestasis
eould be demonstrated by the detedion of LP-X.
Thcy had normal csterification rates, howevcr, w/wn
cholestasis was no longer detectable by the ver.r

sensitive test for LP·X. Contral'Y to this, foul' paticnts
suffering from hepatitis without cholcstasis (LP-X
neg.) kept thcir normal LCAT act.ivitics during the
eontrol pcriod which last.ed up to 18 daYB (Fig.4).
Whilc LCAT Ilctivity was normal in patient.s with
obstruct.ive jaundicc thcrc is rcasonahle evidencc to
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Table 4. Clinical data from 11 patients with ehronic liver faillire

l~llrop . ./. din. 11l1·eöt.

So. Age Sex LCAT LP-X TC Chol

mg/100 1111

CE/FC ~Iu

CE
GOT UPT

mV/mi

Alk.

phos.
mV/mi

Bilirubin AIIAg
mg/100 ml

1
2
3
4
;>

6
7

8
!J

10
11

65
40
46
65
li6
60
60
62
:H
60
40

o
o
o
o
o
o
o
o
o
o
~)

2.2
2.4

4.G
2.1
.t.;3

1.7
:1.(;
2.8
1.8
1.;,
4.'J

+
+
+

27.3
2:~0
90

100
l:m
229

178
190
120
180
70

1 :l:1

220
lo:!
110
180
109
If)G

1:~8
180
240
114

4G/ 87
80/140
5[i/ 48
44/ 66
90/ 90
14/ 95
98/ li8
;,:\/ 85
GI/119
SO/WO
,,'J / 55

12
40
2(j
64
2:J
18
26
72
[iG

20
:10

(j
20
11
22
8

22
14
8S
11
I'J
:12

48
42
50
48
:JS
.)"...a
!JO

84
72
80
(i2

2.1
4.8
104

2.t")

0.5
0.5
1.9

14.5
7.'J

18.5
8.1

+

Table 5. Clinical data from patient.<; with hepatitis ami intrahepatic cholestasis (I/ ), hepatitis withollt cholestasis (11/ ), and
extrahepatie biliary obstrllction (ill/ ) IInder the COllrse of therapy

~o. Days
after
admis
sion

LCAT LP-X TU Chol

mg/JOO ml

CE/FC %
CE

GOT (:PT
mV/mi

Alk.
phos.
m U/ml

Bilirubin AIIAg
mg/100 ml

1/4

1/:3

1/8

]/9

1/14

II/5

11/6

Ilf9

U/12

I1I/7

1
12

1
12

1

4
14

1

4
10
17

1
4

17

1
:\
U

JO

I
5
8
1

17

1
6

1
12
24

:\~
7.0

~6
8~

~4
3-.I
~3

3.5

~7
5~
7.G

:u
:J.7
G.7

804

(jA
!J.O
9.8

6.9
(jA
(jA

S.8
8.0

7.7
6.7

5q
2.:1

(j.7

+

+

+
+

+
+

+
+

+
+

118
2:38

204
274

172
200
180

75
100
110
10:3

200
ISO
150

80
100
100
100

112
120
120

210
210

200
200

250
:~OO
140

11!J

260

14:1

19G

18:~
18(;
151

2:\0
20"
:J79
212

:\25
216
220

154
lW
150
150

204
191
200

259
247

240
249

,,0:3

[i89
175

47/ 72
170/ 90

44/ 9!j
125/ 71

47/1:\G
"G/1:W

128/ 2:\

:HI/1!}J

:14/171
171/208
156/ 5G

G!J/256
J:J2/ 84
14.')/ 75

88/ 6f)
66/ 50
'J9/ 51
'J!J/ 51

12'J/ 75
125/ (ili
1:10/ 70

I:J5/124
149/ 88

15f)/ 84
16 1/ 88

81/424
n/525
'J3/ 82

:~9
(i"

:W

ti4

~;)
:w
71

17
I()
4;;

7:!

21
(jJ

GG

57
,,8
üti
UÜ

62
G~,)
6;)

52
G2

G;)

65

16
12
5:\

228
1:1

5(i4
71i

:JßO
18(i
24

128
S40

4U
27

(i21i

240
40

IGO

160
24
20

492
:!üO
1:\2

90
88

24
10

80
140

'J

240
10

52s
9G

"su
:JüO

:IG

180
HOS

44
2:~

528
:120
80

120
180
24
19

240
240
204

52
[i0

:Jü
;)

2GO
280

8

41
2S

78
28

70
:14
41

71
48
70
57

G8
72
:\9

G8
G8
50
50

80
GO
32

80
82

71
40

2JO
2:\0

40

4.5
2.8

10.8
1.0

2.5
2.7
0.9

11.2
4.G
5.'J
2.:1

G.S
804

I.'J

1.0
1.0
0.8
0.8

0.1i
(I.;)
0.:3

:1.8

:1.8

O.'J

0.7

1:1.0

18.0
1.0

+
+
+
+

suggest that in the course of time LCAT activity lila,)'
fall to some extent secondary to hepatocellular distur
bance. Two patients with extra hepatie biliary ohstruc
tion due to gall stones were serially studied before and
after operation. It was found that prior to the opera
tion, when the obstruction had persisted for approx
imately two weeks, LCAT activity was slightly de-

cl'eased hut it rcachcd normal val lies again ten days
after operation.

In order to exclude possible inhibitors in the
plasma of patients from group I-IV the following
experiments were carried out. Normal plasma was
diluted 1: 1 with patients plasma (group I-IV).
Enzymatic activity was always 50% of the activity
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measured without dilution. Thus, at least by this
me1,hod no circulating inhibitor could be detected in
any group.

Dis(~IISsi()1I

In this study we determined in parallel LCAT
activity ami lipoprotein. X in pat,ients with various
forms of liver disease. Positive 01' negative immuno·
chemical reaction for LP·X allowed us to divide
patients with hepatitis into two groups: group I with
ami group II without cholestasis. Thc validity of this
distinction has becn dcmonstr'ated previously L 14J.

Patients from thcse groll ps had distinct diffcrenees in
their LCAT activity. While patients with hepatitis ami
eholestasis wcre LP.X positive, thcy had low esterify·
ing aetivity in their plasma. Their LCAT activity
returnet! to normal levels, howc\'(~r, when cholestasis
was no longel' demonstrable by immunochemieal
means. Calandra ct al. [6] has already shown that low
LCAT aetivity in liver disease is primarily duc to a
reduetion in the plasma conecntration of this enzyme.
Xeither inhibitors nor a lack of an activator eould be
demonstrated in plasma of patients with deranged
liver funet,ion. Similar eonclusions were reached by
Simons [2] and Gjone [3, 41. We eould also confirlll
this observation. The eause of low plasma LCAT
activity in liver disease is not known yet. In agreement
with observations by Glomset and othen; [7, 24, 251
we were not able to measure LCAT activity in rat liver
homogenates obtained after liver perfusion with
sodium chloride solution in vivo. Yet higher LCAT
aetivities were found in the liver veins eomparcd to
prehepatie blood vessels. These findings are in agree
ment with recent observations by Simon ancl Boyer
[23] who demonstrated a continued inerease of LCAT
aetivity in the perfusion fluid in an isolated rat liver
system.

There are controversial findings in the literat\ll'e
with regard to the plasma eoneentration of LCAT
aetivity in patients with obstruetive liver disease
[2-7, 26]. From 0111' data we would like 1,0 concilide
that low LCAT aetivity in obstruct.ive jaundiee is
probably due tO a seeondary hepato.eellular dist,\ll'h·
anee. \Ve always found normal enzyme aetivity in
pat,icnts from group III when aeeording t.o the pa
tients' hist.ory and t.heir admission to t.he hospit.al, the
time interval betwecn the onset of the disease and t.he
LCAT determination was short,. Onee obstruet.ion had
lasted for some time 11, deercase in LCAT aet.ivit.y
eould bc measured. These results would support aninH~1
experiments by Kattermann ancl \Volfrum [l5] ami
Calandra et uf. [161 who found only lit.t.le change 0['
even aetivation of LCAT aetivit.y in rat·s after adminis
tration of O'.-naphthyl.iso thiocyanate or after obst.rue·
tion by ligation of the bile duet. In these experiment.s
a fall in the LCAT aetivity oeeurred 21 days after
the obstruction. It is of intcrest t.hat. serum from
patients wi1,b biliary ohs1,ruet.ion had a st.imulating
effeet on tbe assay [2]. Though it. is now weil known
2() Europ .. 1. dirl. Iu\'(·st.. Yol.:!

t.hat, LGAT reaet.s prefercnt.ially with high.densit.y
lipoproteins and to alesseI' extent, against low.density
lipoproteins, lipopl'Otein-X might. be an unusual
good substrate for LCAT. Studies to elarify t.his pos·
sible mechanism are eurrent.ly under investigation in
our laboratory.

The eorrelation between LCAT aet.i\-ity and LP·X
in our patients possibly supports the hypothesis sllg'
gestccl hy Simon and Seheig [21 timt the esterifying
adivit.y in plasma cOlTcsponcis to the overall severity
of the livcr disease. As pat.ients with cholestasis from
gl'Olip land Ill, who were all LP·X positive, had
clistinetly different LCA1' coneent,ra(;ion in their plas·
nm, this enzymatie adivity nmst be infllleneed by
intra hepatic fadors which are not, yet understood.

From the statistieal analyses whieh revealcd a
positive eOITelation het.ween LCAT aet.ivity ami
eholestcl'Ol with a p value of only 0.0;) we would likc
to coneiliele tImt ehanges in LCAT activity may only
in part, be rcsponsibJe for the fall in thc ester: free ratio
in liver disease, but they eannot aceount for its total
magnitude. Cholest.erol eoneentration depends on two
factors: on LCAT aetivity ami on the level of an ab·
normal lipoprotein, LP·X, whieh ha,; a high frel'
eholesterol content.

\Ve may speculate on the elinieal importanee of
these studies. Parallel determinations of LCAT anel
LP·X lIlay prove to be usdnl labol'<tt.ory tests to dif·
ferentiate not only betwecn obstructive ami non·
obstruct.ive jallndiee, but also hetween extrahepat.ie
biliary ohstnwt.ion and intrahepatie cholestasis. A
large dinical trial whieh will further support this
eoncept, is in progress 1271. Lipoprotein-X synthesis
ami altercd LCAT aetivity conecntration in plasma
are certainly a clireet eonsequenee of liver damage.
The exaet. mct.abolie pathway, howevcr, remaim; to be
furthcr eilleidated.

Acknoll'lerlr/Cm(mls. Thc histological diagnoses of liver
biopsies \\'ere kindly performed hy Prof. Dr. \\'. Docrr,
Institute of Pathology, üniversity of Hcidelbcrg. \Ve \\'ould,
furthcnnof'c. likc to thank Prof. Dr. H. Immich, Departnwnt
of Statisties al1ll :\1cdieal Documcntation, üniversitv of
Heidclberg, for pcrfonning the statistieal analyses. \\'e' abo
thank Dr .. J. Papenberg, Department of Intcrnal :\Icdicinl'.
üniversity of Heidclbcrg, for his help \\'ith the animal experi·
ments. The excellent teehnieal assistanec of :\Iiss Brigitte
\\'altcr and :\liss Claudia guppert is very mueh appreeiakd.
The study was supporte<! hy grants from the Deutsche For·
8(~h11 ngsgen1ci nsellaft.

Referenees

1. Goodmann. D. S.: Cholcstel'Ol ester metabolism. Phvsiol.
Hev. 4:;. i4 i-S:JH (1!)(j5) ..

:!. Simon,.J. S., Seheig. H..: Serum eholcstcrol estcrification
in liver disease. lmportanee of lecithin·eholesterol aeyl.
tl'1lnsferase. Xc\\' Engl. .J. :\led. 28:\. 841-R4H (IH70).

:J. Gjone. K, BIomhoff, I. P.: Plasma leeithin-cholestel'Ol
acyltransfcrase in obstruetivc jaundice. Scand .• /. Gastro·
ent. .;, :IO;;-:IOH (1\JiO).

4. Gjorw, K. Bloll1hoff. 1. P .. Wienecke. 1.: Plasma lecithin:
cholostel'Ol ,wyltmnsferase at:t.ivity in aeute hepatitis.
Seand .. 1. Gastrocnt. H, 1!)I-IßS (1971).



:n8 H. \VengeIer et al.: Serum Cholesterol Estcrifieation in Liver Disease Europ. J. clill. 1/II·es'.

5. Gjone. E., Xorum. K. R: Plasma lecithin·cholester·ol acvl
transferase and erythrocyte lipids in liver disease. Acta
med. scand. 187, 15:!-1{\! (1970).

6. Calandra, S., :\Iartin.:\1. J., :\lcIntvre. X.: Plasma leei
thin: cholesterol acyltransferase aeÜvity in liver disease.
Europ. ,1. clin. Invest. I, a52-:~60 (19i1).

7. Turner, K. B.. :\lcCormack. G. H., ,Tr.. Richards, A.: The
cholesterol esterifying enzyme of human serum. r. ]n liver
disease. ,T. clin. Invest. :J2. 801-806 (195:3).

8. Glomset. J. A.: The meehanism of the plasma cholesteml
esterification reaction: plasma fatty acid transferase. Bio
chim. biophys. Acta (Amst.) t)i). 128-1:35 (1962).

9. Glomset,.1. A.: The plasma lecithin: cholesterol acyl
transferase reaetion. J. Lipid Res. 9.155-167 (1968).

10. Russ, E. M., Raymunt, .1., Barr, D. P.: Lipoproteins in
primary biliary cirrhosis. ,1. clin. Irwest. :~:.. 1:3:~-144
(1956).

11. Switzer, S.: Plasma lipoproteins in liver disease. 1. Im·
munologieally distinct low-dcnsity lipoproteins in patients
with biliary obstruction .. T. din. Invest. 41;. 1855-18HH
(1967).

12. Seidel, D., Alaupovic, P., Furman, R. H.: A lipoprotein
characterizing obstructive jaundice. I. l\1ethod for quant i
tative separation and identification of lipoproteins in
jaundiced subjects. J. din. lnvest. 48, 1211-122:3 (1969).

l:t Seidel, D., Alaupovic, P., Furman, R. H., )lcConathy,
W. 1.: A lipoprotein characterizing obstructive jaundice.
11. Isolation and partial characterization of the protein
moieties of low density lipoproteins .• T. clin. Invest. 49.
2:!96-2407 (1970).

14. Seidel, D .. Schmitt, E. A., Alaupovic. P.: An abnormal
low-density lipoprotein in obstructive jallndice. 11. Its
significance in the differential diagnosis of jallndice. Germ.
med. !11th. 1;),671-675 (1970).

15. Kattermann, R., Wolfrllm, D. 1.: Cholesterinstoffwechsel
und Lecithin.Cholesterin.Acyltrynsferase im Plasma bei
experimenteller Hepatitis und Cholestase an der Ratt<~. Z.
klin. Chem. 8, 413-419 (1970).

16. Porte, D., Havel. H. J.: 'fhe lIse of cholesterol--P'C
labe lied lipoproteins as a tracer for plasma cholesterol in
the dog. J. Lipid. Res. 2, :~57-362 (1961).

17. Dole. V. P.: A relation betwcen non esterified fattv acids
in plasma and the metabolism of glucose. J. din. ·ln\"Cst.
:J;). 1;)0-1f}4 (1955).

1S. Seidel. D.: A new immllnological techniqlle for a rapid,
semiqllantiative determination of the abnormal lipo
protein-X (LP.X) characterizing cholestasis. Clin. chim.
Acta :n, 225-229 (1971).

19. Shllman, X. R., Barker, :\1. F.: Virus like antigen, anti
body and antigen-antibody complexes in hepatitis meas·
ured by complement fixation. Science 1Ii:', :~04-:!06 (1969).

20. Kessler. G.. Lederer, H.: Fluorometrische Bestimmung
der Serum Triglyceride. Symposium iiber' die Automation
in der analytischen Chemie. Frankfurt, Germany: Tech
nieon GmbH 196fi.

21. Sperry, W. :\1.,Webb, :\1.: A re\'ision of the Sehoenheimer·
Sperry rnethod for cholesterol determination. J. bio!.
Chern. 187.97-106 (1950).

22. Gr'eten, H., Seide!. D .• Walter, H.• Kolbe, J.: Lipo.
protein electrophoresis in the diagnosis of the hyperlipo
proteinemias. Germ. :\led. :\lth. lIi. 29-:3:~ (1971).

2:( Simon, .1. 8., Boyer', .T. L.: Production of lecithin: ('holes
terol acyltransferase by the isolated perfused rat livcr.
ßiochim. biophys. Aeta (Amst.) 218,549-551 (1970).

24. Glomset, J. A., Kaplau, 0.:\1.: The distribution of plasma
fatty acid transferase-like aetivitv in rat tissues. Biochim.
biophys. Acta (Amst.) 98, 41-46 (19()5).

25. Brot, N., Lossow. W. ,1., Chaikoff, I. 1..: [n vitro esterifi
cation of cholesterol by plasma: the effect of eviseeration.
.T. Lipid Res. !I, 155-167 (1\168).

2(). Calandra, S., ;\lar·tin, )1., Q'Shea, :\1., :\lcIntyre, N.: Thc
effect of bile dllct ligation on thc eholesterol content ami
the structure of rat erythrocytes. Abstract No. 27. 5th
)Ieeting Europ. Ass. for Study of liver. Berne, Sept. 1\170.

27. Greten, H., Wengeier. H., Seidel, D.: In preparation.

H. Greten, )1. D.
:\ledizinische Uni\'.·Klinik
Bergheimer Str. 58
D-6900 Heidelberg
Federal Republic
of Germany

Universttätsdrul.-kerci H. Stürtz AG. Würzburg

Print~d in Germany


