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Summary. Pericardial fluid paraoxonase activity was com-
pared with 3 biochemical markers of atherosclerosis (HDL,
LDL/HDL ratio and Apolipoprotein A-I) and a significant
association was found. When the paraoxonase activity in
pericardial fluid samples was separated into 2 groups ac-
cording to the degree of coronary atherosclerosis (slight and
severe), most of the cases showing low levels of paraoxo-
nase activity also showed severe coronary atherosclerosis.
In addition, paraoxonase activity in pericardial fluid was
found to be statistically correlated with HDL levels, which
agrees with the results reported in serum.
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Zusammenfassung. Die Paraoxonase-Aktivitit in Peri-
kard-Fliissigkeit wurde mit drei biochemischem Markern
der Arteriosklerose (HDL, LDL/HDL-Verhiltnis und
Apolipoprotein A-1) vergleichen. Hierbei fand sich eine
signifikante Assoziation. Wenn die Paraoxonase-Aktivitit
in Perikardsfliissigkeitsproben in zwei Gruppen unterteilt
wurde, entsprechend dem Grad der koronaren Athero-
sklerose (leicht und schwer), zeigten die meisten der Fille
mit geringen Spiegeln von Paraoxonase-Aktivitit gleich-
zeitig eine schwere koronare Atherosklerose. Zusitzlich
wurde gefunden, dafl die Paraoxonase-Aktivitit in Peri-
kardfliissigkeit statistich korreliert mit den HDL.-Spiegeln,
was mit den fiir das serum berichteten Ergebnisse iiber-
einstimmt.

Schliisselworter: “A”-esterasen — Paraoxonase — Perikard-
fliissigkeit — Atherosklerose

Introduction

Paraoxonase (E.C. 3.1.1.2) is the “A”-esterase enzyme ca-
pable of hydrolysing the organophosphate paraoxon (O,0-
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diethyl-O-p-nitrophenyl phosphate). Recently, various re-
ports indicated that serum “A”-esterase activity is asso-
ciated with the high-density lipoprotein (HDL) (Mackness
et al. 1985; Mackness 1989a). HDL is a molecule contain-
ing apolipoprotein A-I and is able to remove cholesterol
from the arterial walls. Therefore, it protects against the
development of atherosclerosis.

Low concentrations of HDL and apolipoprotein A-I in
plasma have been connected with premature coronary ar-
tery disease so that it could be possible to use serum para-
oxonase as an indicator of susceptibility to develop ath-
erosclerosis (Mackness 1989b). In addition, it is of consid-
erable interest for the possible relationship between serum
paraoxonase and coronary artery disease and, conse-
quently, between the enzyme and myocardial infarction.

Various biochemical parameters (CK, CK-MB, myo-
globin) are currently measured in serum for the clinical di-
agnosis of myocardial infarction. Several studies (Luna et
al. 1983; Hougen et al. 1992; Valenzuela et al. in press)
have established that these parameters can be investigated
in pericardial fluid for the postmortem diagnosis of both
the degree of coronary atherosclerosis and myocardial in-
farction.

The main aim of this study was to see whether there is a
correlation between paraoxonase activity in the pericar-
dial fluid and the degree of coronary atherosclerosis. In
addition, we have also studied the possible relationship
between other biochemical parameters of coronary athero-
sclerosis (HDL, LDL/HDL ratio and apolipoprotein A-I)
and paraoxonase activity measured in pericardial fluid.
The reliability of this new biochemical parameter for such
a purpose was studied after establishing the identity of
serum and pericardial fluid paraoxonases as previously re-
ported (Hernandez et al. 1992).

Materials and methods

Pericardial fluid from 87 corpses autopsied at the Institute of Forensic
Pathology of the University of Copenhagen was taken by pericardial
puncture using a sterilized syringe. All samples were centrifuged at
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1000 g for 10min, and stored at —40°C until analysis. All corpses were
cases of death caused by brain damage, multiple trauma, myocardial
infarction and other natural deaths of which, 42 had slight coronary
atherosclerosis and 45 were diagnosed as severe coronary atheroscler-
osis. Among all cases with severe atherosclerosis, 34 (75%) suffered a
myocardial infarction diagnosed both microscopically and biochemi-
cally. From 42 cases with slight atherosclerosis only 13 (31%) were
diagnosed as myocardial infarction.

The degree of stenosis of the coronary arteries is critically impor-
tant in determining the functional significance of atherosclerotic dis-
ease (Buja and Willerson 1991). The areas of maximal narrowing
were noted by specifying the degree of reduction of the cross-sec-
tional area of the lumen (Virmani et al. 1991). A case was considered
as slight atherosclerosis when the reduction of all coronary arteries
was less than 75% of the lumen. This group included both the cases
with slight and moderate degrees of atherosclerosis (as described by
Virmani et al. 1991). Cases included in the group with severe athero-
sclerosis showed a reduction of the lumen greater than 75% of one or
more coronary arteries.

Paraoxonase activity was measured by a modification of the
method of Reiner and Radic (1985) recording the 4-nitrophenol
cleaved from the hydrolysis of paraoxon. The substrate solution
(0.95ml 0.1M Tris-HCI buffer containing 1mM CaCl, and 2mM para-
oxon) was preincubated at 37°C. The reaction was started by adding
0.05ml of sample and the change in absorbance at 405nm was re-
corded for 2min at 37°C, using a Shimadzu UV-160 specirophotome-
ter. Non-enzymic hydrolysis was measured under the same assay con-
ditions using 0.05ml of buffer instead of sample.

HDL-cholesterol was determined by the enzymatic method (Lipid
Research Clinic Programs, 1974). Concentrations of LDL-cholesterol
were estimated according to the equation of Friedewald et al. (1972)
and apolipoprotein A-I was quantified by radio-immunoassay (RIA,
Ventrex Labs. Inc.).

The diagnosis of myocardial infarction was carried out in all cases
studied and included the use of both morphological and biochemical
methods. The former consisted of a macroscopical study of the myo-
cardium and the 4 major epicardial coronary arteries (left main, left
anterior descending, left circumflex and right coronary arteries) as
well as a histological examination of sections of the heart stained with
hematoxylin-eosin (H&E) and van-Gieson. Biochemical analysis in-
cluded the determination of the K/Na ratio in myocardial tissue, crea-
tin kinase activity and its isoenzymes and myoglobin in pericardial
fluid according to methods previously described (Hougen et al. 1992).
Samples for microscopical and biochemical studies were taken from 4
specific sites of the myocardium: the anterior wall of the left ventricle
(A), the posterior wall of the left ventricle (B), the interventricular
septum (C) and the lateral wall of the right ventricle (D).

Biochemically, a case was regarded as positive for infarction if the
K/Na ratio was equal to or less than 0.7 in at least 2 different areas of
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the myocardium (A, B, or C), or if two out of three of the following
parameters were present: K/Na ratio equal to or less than 0.7 in only
one of the same 3 above-mentioned areas, positive myoglobin in peri-
cardial fluid, or CK-MB equal to or higher than 15% of total CK ac-
tivity in pericardial fluid (Hougen et al. 1992).

Statistical studies were performed by Chi square test and linear re-
gression,

Results and discussion

The paraoxonase activity in pericardial fluid in cases of
slight atherosclerosis ranged from 6.1 to 171mU/ml (mean
4177 £ 43.5; n=42) and in the severe atherosclerosis
group from 4.4 to 133mU/ml (mean 26.4 £25.0; n =45).

Figure 1 shows the values of paraoxonase activity in
pericardial fluid classified into 2 groups: slight and severe
atherosclerosis. Most of the cases with a diagnosis of se-
vere coronary atherosclerosis showed low values of para-
oxonase activity (58% of severe atherosclerosis had para-
oxonase activity lower than 30 mU/ml). On the contrary,
among all the cases with slight atherosclerosis 60%
showed paraoxonase activity higher than 30 mU/ml.

Furthermore, 3 biochemical markers of atherosclerosis
(HDL, LDL/HDL ratio and apolipoprotein A-I) (de Baker
et al. 1982) were also compared with the paraoxonase ac-
tivity in pericardial fluid. Significant statistical correla-
tions were found between the LDL/HDL ratio and paraox-
onase activity (r=—0.273; p<0.05; n=59). It is an inverse
correlation since this enzyme activity is associated with
HDL. Therefore low values of paraoxonase activity corre-
spond to low values of HDL and, consequently, with
higher values of the LDL/HDL. ratio. Moreover, paraoxo-
nase activity is significantly correlated to a third biochem-
ical marker of the degree of atherosclerosis, apolipopro-
tein A-1 (r=0.246; p<0.05; n=59), the protein carrier of
the high density lipoproteins (HDL).

Figure 2 shows the correlation between HDL and para-
oxonase. Values of paraoxonase activity below 30 mU/ml
together with a HDL below 40 mg/dl are suggestive of se-
vere atherosclerosis. A total of 31 cases from 59 were in-
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Table 1. Comparison between paraoxonase activity in pericardial
fluid, degree of coronary atherosclerosis and myocardial infarction

Atherosclerosis Myocardial Paraoxonase
infarction (mU/ml)
<30 =30
Slight Yes 9 4
No 15 14
Severe Yes 23 11
No 10 1

cluded in that group, and of these, 21 cases (68%) had se-
vere atherosclerosis while 10 (32%) had slight athero-
sclerosis. These results show that the combination of the
paraoxonase activity to the HDL levels could be used to
assist the postmortem biochemical diagnosis of athero-
sclerosis.

These results are in accordance with the possibility sug-
gested by Mackness (1989b) that paraoxonase could be an
indicator of susceptibility to the development of coronary
atherosclerosis.

As is shown in Table 1, more cases of myocardial in-
farction were included in the group of lower paraoxonase
activity and severe degree of atherosclerosis, although no
significant differences were found when the different
groups were compared.

The lower paraoxonase activity in the myocardial in-
farction group was expected taking into account that this
esterase activity is associated with HDL and HDL is in-
versely correlated to coronary atherosclerosis (Miller and
Miller 1975; Castelli et al. 1977). Similar low values of
paraoxonase were previously reported for serum of myo-
cardial infarction patients (McElveen et al. 1986).

Based on the results obtained it could be concluded that
paraoxonase activity in pericardial fluid is a new postmor-
tem biochemical marker of coronary atherosclerosis. The
fact that low levels of paraoxonase activity are also found
in cases of myocardial infarction points to the possibility
of an atherosclerotic origin for these infarctions.

Acknowledgements: Authors are grateful to Isabel J. MacDonald for
her assistence in the translation of the text.

References

Baker G de, Rossenen M, Deslypere JP (1982) Discriminative value
of lipids and apolipoproteins in coronary heart disease. Athero-
sclerosis 42:197-203

Buja LM, Willerson JT (1991) The role of coronary artery lesions in
ischemic heart disease: insights from recent clinico-pathologic,
coronary angiographic and experimental studies. In: Virmani R,
Atkinson JB, Fenoglio JJ (eds) Cardiovascular pathology. WB
Saunders, Philadelphia, pp 42-60

Castelli WP, Doyle JT, Gordon T, Hames CG, Hjortland MC, Hulley
SB, Kagan A, Zukel WJ (1977) HDL-cholesterol and other lipids
in coronary heart disease-the comparative lipoprotein phenotyping
study. Circulation 55:767-772

Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without the use of the preparative ultracentrifuge. Clin Chem 18:
499-502

Hemandez AF, Pla A, Valenzuela A, Gil F, Villanueva E (1992)
Characterization of paraoxonase activity in pericardial fluid. Use-
fulness as a marker of coronary disease. 2nd International Meeting
on Esterases hydrolysing organo-phosphorus compounds. Salso-
maggiore, Italy, April 1992, Abstract P 17

Hougen HP, Valenzuela A, Lachica E, Villanueva E (1992) Sudden
cardiac death: a comparative study of morphological, histochemi-
cal and biochemical methods. Forensic Sci Int 52:161-169

Lipid Research Clinics Program: Manual of laboratory Operations
(1974) 1. Lipid and Lipoprotein analysis. US Department of
Health, Education and Welfare, Publication (NIH), Bethesda, pp
72-628

Luna A, Carmona A, Villanueva E (1983) The postmortem determi-
nation of CK isoenzymes in the pericardial fluid in various causes
of death. Forensic Sci Int 22:23-30



324

Mackness MI (1989a) Possible medical significance of human serum
‘A’-esterases. In: Reiner E, Aldridge WN, Hosking FCG (eds) En-
zymes hydrolysing organophosphorus compounds. Ellis Horwood,
Chichester, pp 202-213

Mackness MI (1989b) ‘A’-esterases. Enzymes looking for a role? Bi-
ochem Pharmacol 38:385-390

Mackness M1, Hallam SD, Peard T, Warner S, Walker CH (1985) The
separation of sheep and human serum ‘A’-esterase activity into the
lipoprotein fraction by ultracentrifugation. Comp Biochem Physiol
82B:675-677

McElveen J, Mackness MI, Colley CM, Peard T, Warner S, Walker
CH (1986) Distribution of paraoxon hydrolytic activity in the
serum of patients after myocardial infarction. Clin Chem 32:
671-673

A.F.Hernandez et al.: Paraoxonase activity

Miller GJ, Miller NE (1975) Plasma high density lipoprotein concen-
tration and development of ischemic heart disease. Lancet I:16-19

Reiner E, Radic Z (1985) Method for measuring human plasma para-
oxonase activity. Course on analytical procedures for assesment of
exposure to organophosphorus pesticides. Manual of Analytical
Methods, Cremona (Italy), pp 62-70

Valenzuela A, Hougen HP, Villanueva E (in press) Determination of
lipoproteins and apolipoproteins in pericardial fluid: its applica-
tions to the postmortem diagnosis of sudden death. International
Study Group of Sudden Unexpected Death (ISNUD) (ed). Work-
shop of Sudden Cardiac Death, Budapest

Virmani R, Ursell PC, Fenoglio JJ (1991) Examination of the heart.
In: Virmani R, Atkinson JB, Fenoglio JJ (eds) Cardiovascular pa-
thology. WB Saunders, Philadelphia, pp 1-20



