
Abstract The response by the myocardial tissue to injury
may be manifested as macroscopical or microscopical le-
sions or, following an ischemia-reperfusion process, by the
formation of reactive oxidant substances (ROS) which, in
turn, may increase lipid peroxidation levels in myocardial
tissue. The aim of this study was to determine whether the
levels of lipid peroxidation in myocardial tissue from sub-
jects who had died from different causes are related to car-
diac lesions of ischemic or traumatic aetiology. We studied
825 hypostasis-free samples taken from the myocardial
tissue of 75 cadavers. In all cases, a survival period was
known to have existed. Lipid peroxidation in myocardial
tissue was estimated by the colorimetric determination of
malondialdehyde. The highest levels of tissue peroxida-
tion were observed in the group of subjects who died from
myocardial infarction. We observed a statistically signifi-
cant correlation between the extent of peroxidation and
the presence of myocardial damage of ischemic or trau-
matic aetiology. In our study, lipid peroxidation was asso-
ciated with myocardial injury. The data suggest that the
extent of lipid peroxidation in myocardial tissue may be
used as a reliable indicator of myocardial damage in sup-
port of data obtained by conventional microscopy.
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Introduction

Myocardial infarction and chest trauma are common in
forensic pathology. Following myocardial injury and dur-

ing the survival period, reperfusion mechanisms and in-
flammatory processes produce reactive oxidant substances
(ROS) resulting in, among other processes, the peroxida-
tion of cell membranes (Zweier 1988; McCord 1985;
Southorn and Powis 1988; Lunec 1990; Ambrosio et al.
1991; Griffiths and Halestrap 1995; Lucas and Szweda
1998; Paradies et al. 1999; Fineschi et al. 2001; Dröge
2002; Suematsu et al. 2002). In a previous study (Osuna et
al. 1998) we emphasised the usefulness of the postmortem
determination of lipid peroxidation levels in lung tissue to
demonstrate survival after a chest trauma-related lung in-
jury.

The aim of this preliminary study was to determine
whether the levels of lipid peroxidation in myocardial tis-
sue from subjects who had died from different causes are
related to cardiac lesions of ischemic or traumatic aetiol-
ogy.

Materials and methods

We studied 825 hypostasis-free samples taken from the myocardial
tissue of 75 cadavers (64 males and 11 females) with a mean age
of 51 years (SD 19; range 12–87 years). The study was approved
by the Ethics Committee of the Institute of Forensic Medicine and
the Ethics Committee of the University of Murcia. Cases were
chosen according to the postmortem interval, cause and circum-
stances of death. We included only cadavers with a postmortem in-
terval of less than 24 h. To minimise postmortem artifacts the bod-
ies were refrigerated, the average interval between death and re-
frigeration was 3 h and the mean postmortem interval was 7.4 h
(SD 4.1, range 2–18 h). In all cases, a survival period was known
to have existed.

Data concerning the initial causes of death and autopsy records
were unknown to the persons who performed the biochemical and
histological analyses. Cases were assigned to one of four diagnos-
tic groups based on the cause of death according to the patient’s
medical records, scene of death, autopsy, and toxicological and
complementary histological findings. The groups were as follows:

1. Myocardial infarction (n=19): 12 deaths witnessed, in 7 cases
death was not witnessed, but previous history and subsequent
data obtained from an autopsy pointed to myocardial infarction.

2. Multiple trauma (n=19): all motor vehicle collisions witnessed
and with chest trauma.

3. Asphyxia (n=18): 12 cases of hanging and 6 of drowning, in the
latter all 6 deaths were witnessed.
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4. Natural deaths excluding myocardial infarction (n=19): all
deaths witnessed, 12 cases of cerebrovascular disease, 2 of
pneumonia and pulmonary embolism, 3 of acute renal failure,
and 2 of acute gastric hemorrhage.

Cardiopulmonary resuscitation was applied in 22 subjects (7 cases
of myocardial infarction, 7 of asphyxia, 5 of multiple trauma, 2 of
cerebrovascular disease and 1 of pulmonary embolism.

During the autopsy 11 samples of myocardial tissue (weight
0.5 g) were taken from each cadaver from the following zones: 
2 samples from the right ventricle (the middle of the fat-free part
of the anterior and posterior walls), 2 samples from the septum
(border of upper and lower third of the septum), 6 samples from
the left ventricle (upper anterior and upper posterior, lower anterior
and lower posterior, upper lateral and lower lateral) and 1 sample
from the apex. Samples were stored at –80°C prior to analysis.
Histological studies with hematoxylin-eosin (HE) staining were
carried out on cardiac tissue. Also acridine orange fluorescent stain-
ing in formalin-fixed paraffin sections was performed. In 19 cases
evidence of significant stenosis in one or more of the epicardial
coronary arteries was found and HE staining showed specific signs
of necrosis. Acridine orange classified 10 of these cases as
strongly positive (++) and 9 as positive (+), all corresponding to
cases classified as myocardial infarction. In 32 cases, HE staining
showed interstitial oedema, 22 cases congestion and 9 cases focal
fibrosis. Contraction band necrosis was found in 31 cases, in 10 of
which cardiopulmonary resuscitation had been applied.

Lipid peroxidation in myocardial tissue was estimated by the
colorimetric determination of malondialdehyde (MDA) (Ohkawa
et al. 1979; Esterbauer and Cheeseman 1990) after extracting lipids
from the tissue (Radin 1969) and MDA levels were expressed as
nmol/g tissue.

For statistical analysis of the data, multivariate and discrimi-
nant analyses were used. Continuous variables not normally dis-
tributed were analysed non-parametrically using the Kruskal-Wallis
test to compare groups. In addition, specific contrast tests for each
variable (grouped according to the diagnostic category) were car-

ried out using the Mann-Whitney test. For each of the variables
studied a ROC (receiver operating characteristic) curve was drawn
and the area under the curve was measured using a non-parametric
method (Griner et al. 1981; Hauley and McNeil 1983; Zweig and
Campbell 1993). The cut-off point for each variable was taken as
the point nearest the ideal point of the ROC curve at which sensi-
tivity would be 1 and 1–specificity would be 0.

Results

Table 1 shows the lipid peroxidation levels (mean±SD and
range) obtained in the four diagnostic groups. As can be
seen, statistically significant differences between groups
were obtained. The highest overall levels were found in
the group of subjects who had died from myocardial in-
farction except for the samples from the lower posterior
zone of the left ventricle, where the highest levels corre-
sponded to the group of subjects dying of chest trauma,
the second highest group with regards to overall lipid per-
oxidation levels. No statistically significant correlation was
observed between the mean levels of lipid peroxidation and
the postmortem interval. In subjects where cardiopulmo-
nary resuscitation had been applied, the mean level of lipid
peroxidation was 192.48±11.78 nmol/g tissue (DS 55.28;
range 92.15–303.66). No statistically significant differences
were observed between these and the group of subjects
where no cardiopulmonary resuscitation was applied.

Table 2 shows the lipid peroxidation levels (mean±SD
and range) obtained when the sample was divided into two
groups, one of subjects who died from myocardial infarc-
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Table 1 Mean values (nmol/g)
± standard deviation (SD) of
lipid peroxidation and statisti-
cal significance in the Krus-
kall-Wallis test for the four 
diagnostic groups

RPV Right posterior ventricle.
RAV Right anterior ventricle.
LULV Left upper lateral ventri-
cle.
LUAV Left upper anterior ven-
tricle.
LUPV Left upper posterior
ventricle.
LLAV Left lower anterior ven-
tricle.
LLLV Left lower lateral ventri-
cle.
LPV Left lower posterior ven-
tricle.
US Upper septum.
LS Lower septum.
A Apex.
Mean perox Mean peroxida-
tion.

Zones Myocardial infarction Multiple Trauma Asphyxia Natural deaths P
N=19 N=19 N=18 N=19
Mean ± SD Mean ± SD Mean ± SD Mean ± SD
(range) (range) (range) (range)

RPV 428.4±387.9 357.1±220.2 397.3±564.9 177.7±64.7 0.002
(142.8–1531.5) (134.7–923.8) (44.2–2515.8) (46.9–302.7)

RAV 443.9±425.8 414.7±310.0 362.4±419.6 180.9±48.3 0.000
(124.5–1813.3) (151.2–1076.8) (86.4–1824.7) (118.2–306.1)

LULV 361.8±120.5 281.2±113.2 257.5±89.3 181.6±68.7 0.000
(130.6–668.5) (98.4–438.2) (78.1–435.6) (62.7–366.2)

LUAV 319.3±119.3 319.2±139.7 278.6±124.5 182.4±75.2 0.001
(113.6–617.4) (132.4–574.2) (86.4–536.9) (94.9–357.7)

LUPV 333.1±171.9 322.2±131.2 254.8±112.1 178.6±70.0 0.000
(162.9–948.5) (144.3–599.2) (86.4–513.0) (44.1–362.8)

LLAV 317.3±113.3 305.3±111.8 256.7±135.7 189.5±71.6 0.001
(137.3–626.1) (141.7–569.0) (18.2–558.4) (88.7–390.3)

LLLV 336.6±112.2 298.7±134.4 274.8±131.3 191.2±73.9 0.001
(175.6–719.7) (142.7–686.1) (114.5–535.1) (70.9–416.1)

LLPV 305.8±110.9 316.5±111.0 268.8±158.6 188.6±72.7 0.000
(150.0–641.7) (140.0–548.8) (68.1–701.3) (43.0–380)

US 305.3±83.0 296.0±119.1 251.1±99.7 176.0±70.5 0.000
(104.4–497.7) (111.0–550.1) (99.6–397.5) (70.9–345.6)

LS 335.1±121.5 305.9±117.4 247.1±111.2 195.0±73.2 0.000
(130.5–667.7) (111.0–517.4) (51.5–479.9) (51.1–354.2)

A 405.4±332.7 317.3±119.8 289.0±195.8 174.3±76.6 0.000
(231.4–1512.6) (134.8–531.4) (98.9–831.1) (40.5–367.5)

Mean perox 353.8±157.0 321.3±130.2 285.3±168.6 183.2±59.2 0.000
(148.8–774.4) (142.2–592.2) (92.1–797.2) (83.1–346.7)



tion or multiple trauma (n=38) and the other comprising
the remaining cases (n=37). Statistically significant differ-
ences were observed between these groups. The highest
values were found in the group of subjects who had died
of myocardial infarction or chest trauma. We obtained a
statistically significant correlation between the levels of
peroxidation and the presence of myocardial lesions in all
sites except the posterior part of the right ventricle.

We considered the ROC curves reflecting the levels of
peroxidation and determined the cut-off point on each
curve (Table 3) and compared the areas below the differ-
ent curves. All the areas under the curves where signifi-
cantly different from 0.5. If we take the diagnostic cate-
gories, myocardial infarction+trauma and no myocardial
infarction+no trauma, in the discriminant analysis, correct

classification was found in 78.7% of the cases (81.1% for
the group of subjects who did not die from ischemic or
traumatic cardiac lesions) (Fig. 1).

Discussion

The response of myocardial tissue to injury may manifest
itself as macroscopical or microscopical lesions or, fol-
lowing an ischemia-reperfusion process, by the formation
of ROS which in turn, may increase lipid peroxidation
levels in the myocardial tissue (Kloner et al. 1998; Jordan
et al. 1999; Powell et al. 2001). Fineschi et al. (2001) as-
sessed the effects of cocaine on the cardiovascular system
in a rat model and found that its administration compro-
mised the antioxidant defence system of the heart.

Lipid peroxidation is a vital process taking place dur-
ing the reperfusion period. Postischemic reperfusion may
occur after resuscitation attempts or reperfusion treatment
(angioplasty, fibrinolysis, coronary by-pass). The isch-
emia-reperfusion process may also appear after restora-
tion of the blood flow in ischemic tissue as a result of col-
lateral circulation or the end of vasospasm. In addition,
the inflammatory processes around the necrotic area give
rise to oxidative stress mechanisms that result in lipid per-
oxidation (McCord 1985; Southorn and Powis 1988;
Lunec 1990; Dröge 2002; Suematsu et al. 2002).

In our study cardiopulmonary resuscitation had been
applied in 22 subjects. In these cases, myocyte necrosis
with contraction bands were usually found in the myo-
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Table 2 Mean values (nmol/g) ± standard deviation (SD) for lipid
peroxidation in the groups of myocardial infarction+trauma (N=
38) and no myocardial infarction+no trauma (N=37) and the prob-
ability obtained in the Mann-Whitney Wilcoxon test to contrast the
values of peroxidation for the two diagnostic groups

Zones MI+trauma No MI + no trauma P
N=38 N=37
Mean ± SD Mean ± SD
(range) (range)

RPV 392.7±313.2 284.5±406.4 0.002
(134.7–1531.4) (44.2–2515.8)

RAV 429.3±367.6 269.3±304.6 0.000
(1224.5–1813.3) (86.4–1824.7)

LULV 321.5±122.3 218.5±87.2 0.000
(98.4–668.4) (62.7–435.6)

LUAV 319.3±127.9 229.2±111.9 0.002
(113.5–617.4) (86.4-536.9)

LUPV 327.6±150.9 215.6±99.4 0.000
(144.3–948.5) (44.1–513.0)

LLAV 311.3±111.2 222.2±111.5 0.000
(137.3–626.1) (18.2–558.4)

LLLV 317.7±123.6 231.9±112.6 0.001
(142.7–719.7) (70.9–535.1)

LLPV 311.2±109.6 227.6±127.1 0.000
(140.0–641.7) (43.0–701.3)

US 300.7±101.4 212.5±92.9 0.000
(104.4–550.1) (70.9–397.5)

LS 320.5±118.2 220.4±96.0 0.000
(111.0–667.7) (51.1–479.9)

A 361.4±250.6 230.1±156.2 0.000
(134.8–1512.6) (40.5–831.1)

Mean perox. 337.6±143.2 232.9±133.6 0.000
(142.2–774.4) (83.1–797.2)

RPV Right posterior ventricle.
RAV Right anterior ventricle.
LULV Left upper lateral ventricle.
LUAV Left upper anterior ventricle.
LUPV Left upper posterior ventricle.
LLAV Left lower anterior ventricle.
LLLV Left lower lateral ventricle.
LLPV Left lower posterior ventricle.
US Upper septum.
LS Lower septum.
A Apex.
Mean perox Mean peroxidation.

Table 3 Cut-off points established according to the use of a re-
ceiver operator characteristic (ROC) curve

Variable Cut-off Sensitivity of Specificity of 
point the cut-off the cut-off 

point (%) point (%)

RPV 260.0 63.2 75.7
RAV 213.6 76.3 78.4
LULV 291.4 71.1 81.1
LUAV 231.0 81.6 64.9
LUPV 268.5 65.8 81.1
LLAV 256.7 71.1 78.4
LLLV 261.9 73.7 78.4
LLPV 239.6 76.3 73.0
US 207.8 86.8 59.5
LS 218.4 84.2 62.2
A 232.7 81.6 73.0
Mean perox. 264.4 73.7 78.4

RPV Right posterior ventricle.
RAV Right anterior ventricle.
LULV Left upper lateral ventricle.
LUAV Left upper anterior ventricle.
LUPV Left upper posterior ventricle.
LLAV Left lower anterior ventricle.
LLLV Left lower lateral ventricle.
LLPV Left lower posterior ventricle.
US Upper septum.
LS Lower septum.
A Apex.
Mean perox Mean peroxidation.



cardium (Baroldi et al. 1974, 2001; Silver et al. 1980). In
our study contraction bands were observed in 10 of these
subjects. Contraction band necrosis is a marker of cell
death and can be identified as such a short time after irre-
versible myocyte injury (Virmani et al. 1996; Baroldi et al.
2001; Ortmann et al. 2001). Ortmann et al. (2001) demon-
strated its presence in antemortem mechanical heart
trauma. For some authors contraction band necrosis is a
consequence of reperfusion per se (Braunwald 1990).
Fineschi et al. (2001) postulated that the presence of con-
traction bands is not a result of ischemia but rather a result
of direct cathecolamine release whose oxidation results in
the formation of aminochromes and free radicals. For
Baroldi et al. (2001) the significantly greater extent of
contraction band necrosis in cases of sudden unexpected
coronary death involving resucitation attempts seemed more
likely to be due to the result of prolonged survival rather
than due to any iatrogenic effects. Apoptosis also occurs
in myocardial infarction (Misao et al. 1996; Saraste et al.
1997; James 1998). The study of myocardial tissue taken
from forensic autopsy cases and examined by immunohis-
tochemical and molecular biological methods using the
terminal deoxynucleotidyl transferase-mediated dUTP bi-
otin nick end-labelling (TUNEL) is a useful method for
the diagnosis of early ischaemic injury (Edston et al.
2002; Nakatome et al. 2002).

No statistically significant differences in lipid peroxi-
dation were obtained between the group of subjects where
cardiopulmonary resuscitation was applied, and those
where it was not applied. In our study it was difficult to
assess the effectiveness of resuscitation attempts and their
repercussion on the ischemia-reperfusion process. The
levels of peroxidation observed in these subjects varied
greatly. For example, the lowest value corresponded to a
drowned subject and the highest value to a person who
died of acute myocardial infarction with a survival period
of 2 h and 15 min.

The highest levels of tissue peroxidation were observed
in the group of subjects who died from myocardial damage

(ischemic or traumatic). The use of a ROC curve permits us
to choose the best possible cut-off point (Altman 1991; Zweig
and Campbell 1993), in our case 264.4 nmol/g for mean
peroxidation levels with a sensitivity of 73.7% and speci-
ficity of 78.4%. The discriminant analysis pointed to the
important negative predictive value. Only 7 of the 37 cases
comprising the group of subjects who did not die from
ischemic or traumatic cardiac lesions were wrongly clas-
sified. These could be further broken down into 6 cases of
asphyxia and 1 of pulmonary embolism, in both of which
cardiac damage may have been substantial due to intense
agony phenomena. For the individuals presenting anato-
mopathological alterations compatible with acute myocar-
dial infarction, 13 of the 19 subjects showed high lipoper-
oxidation values and 14 of the 19 subjects whose death
was due to chest traumatism followed by a survival period
also showed high values. The mean peroxidation value in
the group of subjects who died of asphyxia was below the
mean value observed in subjects who died of acute myo-
cardial infarction or chest trauma, perhaps due to the de-
creased levels of oxygen in the asphyxia and the attenua-
tion of peroxidation processes.

The absence of a significant degree of correlation be-
tween peroxidation levels and the presence of myocardial
damage in the posterior zone of the right ventricle may in
our opinion, be due to the low incidence of infarction in
this zone. The presence of anastomotic channels between
the left circumflex and right coronary arteries, presumably
contributes to the better survival of these areas (James
1961; Camps et al. 1976; Knight 1996).

A study by Ramos et al. (1997) pointed to local varia-
tions in glutathione peroxidase and superoxide dismutase
from different myocardial zones. Glutathione peroxidase
activities were higher in the interventricular septum from
the group of cardiac deaths. The superoxide dismutase ac-
tivity was higher in the anterior wall of the left ventricle
and in the interventricular septum, which are areas with a
higher frequency of ischemic myocardial damage (Ander-
sen et al. 1989; Knight 1996).
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Fig. 1 Distribution of the
cases into myocardial infarc-
tion+trauma and no myocardial
infarction+no trauma accord-
ing to the peroxidation values
and taking 264.4 nmol/g as 
cut-off value



Another variable which, it was thought, might influence
the results is the postmortem interval. In our study we
used a short postmortem interval (mean 7.48, SD 4.16 h)
and no statistically significant correlation was obtained
between this and the mean levels of lipid peroxidation.
Ramos et al. (1997) found no correlation between MDA
levels and the postmortem interval and, in a previous
study (Osuna et al. 1998), we found no statistically signif-
icant correlation between the levels of lipid peroxidation
in lung tissue and the postmortem interval. In our opinion,
the absence of oxygen means that conditions do not exist
for postmortem peroxidation to proceed.

In our study, lipid peroxidation was associated with myo-
cardial injury. The data suggest that the concentration of
lipid peroxidation in myocardial tissue may be used as a
reliable indicator of myocardial damage in support of data
obtained by conventional microscopy, a procedure we con-
sider indispensable at a routine level. However, we must
remember that on some occasions, especially under those
circumstances in which the evolution of the lesion is in-
sufficient to produce conclusive findings, the interpreta-
tion of data obtained in an anatomopathological study
must be supported by these complementary tests.
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