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Abstract. Energy metabolism of tissues after organismal death was investigated in
dogs. Cardiac blood was taken from dogs killed by ligation of coronary artery at 1, 2, 4,
7 and 24h after cardiac arrest. For comparison, venous blood was removed from living
dogs. Plasma concentrations of lactate, pyruvate, hypoxanthine plus xanthine, uric acid
and allantoin were determined. Both lactate and the sum of the three oxypurines (hypox-
anthine, xanthine and uric acid), recognized as good indicators for anoxia increased rapidly
till 4h after death, then increased gradually till 24h. These changes appear to reflect
anaerobic metabolism in cardiac muscle after death. Although further study is needed, the
present results may find application in the estimation of postmortem intervals in human.
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Introduction

Cells fight a battle against the tendency to greater
entropy even after organismal death. Since aer-
obic respiratory ATP formation is put out of com-
mission, shift of aerobic to anaerobic metabolism
{Pasteur effect) should occur at organismal death
similar to the case of acute cyanide poisoning".
These metabolic changes may be useful for the
gstimation of postmortem intervals.

In the present study, plasma metabolites used for
indicators of anoxia such as lactate~¥, lactate/
pyruvate ratio (L/P)¥, hypoxanthine® and uric
acid® were determined in dogs at various postmor-
tem intervals to investigate the postmortem energy
supply in cells after organismal death.

Materials and Methods

Adult mongrel dogs of both sexes weighing 10 to
15kg were anesthetized with pentbarbital (50mg/kg
ip). The animal was loosely tied on its back and
the trachea was intubated. The heart was exposed,
and cardiac arrest was introduced by ligating left
coronary artery. Approximately 3ml of postmor-
tem blood was obtained from the right ventricle of

the dogs held at 20-25°C with a 19-gauge needle
attached to a 5ml syringe at 1, 2, 4, 7 and 24h after
cardiac arrest. For comparison, venous blood was
removed from four living dogs using a catheter
placed in cervical vein under light anesthetics (0
time control). Blood was centrifuged to obtain
plasma. Plasma concentrations of lactate and
pyruvate were determined using commercial kits
(Lactate-UV-Test and Pyruvate-UV-Test, Boehrin-
ger Mannheim GmBH, Mannheim, W-Germany).
Plasma concentrations of hypoxanthine plus xanth-
ine and uric acid were determined as described by
Katsumata et alV. using a commercial kit for wuric
acid (Uricolor-400, Ono Yakuhin Co., LTD, Osaka,
Japan) and xanthine oxidase (110434, Boehringer
Mannheim). Plasma concentrations of allantoin
were determined by the method of Young and
Conway™.

Results

Changes in plasma lactate concentrations with
postmortem time were shown in Fig. 1. The mean
value of plasma lactate in antemortem blood was
27.8mg/dl. The value increased rapidly till 4h after
death and then increased gradually till 24h. Plas-
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ma L/P values increased rapidly till 4h after death
from 27.3 to 357, and then remained fairly constant
till 24h (Fig. 2). Although plasma concentrations
of both hypoxanthine plus xanthine and uric acid
increased with postmortem time, the ratio of uric
acid to total oxypurines (hypoxanthine, xanthine
and uric acid) varied from dog to dog possibly due
to organismal variation in xanthine oxidase activ-
ity ; dogs in which plasma concentrations of uric
acid were high showed low levels of hypoxanthine
plus xanthine in plasma and vice versa. Therefore,
plasma concentrations of total oxypurines were
plotted against postmortem time. in the present
study (Fig. 3). The pattern was strikingly similar
to that of plasma lactate ; the value increased rapid-
ly till 4h after death and then increased gradually
till 24h. Since uric acid is degraded to allantoin by
uricase in living dogs, plasma .concentrations of
allantoin were also determined (Fig. 4). The mean
value of allantoin in antemortem plasma was 1.51
mg/dl, increased slightly at 1h after death and then
increased very slowly till 24h to the value of 4.21
mg/dl.

Discussion

It is reasonably assumed that permeable
metabolites such as lactate, pyruvate, oxypurines
and allantoin in cardiac blood mainly reflect the
metabolic changes in cardiac muscle after death
because systemic. circulation ceases at cardiac
arrest. Rapid accumulation of lactate after or-
ganismal death (Fig. 1) indicates that the shift from
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Fig. 1. Postmortem changes in plasma lactate in
dog cardiac blood. Each point represents the
mean + standard deviation with 4 dogs.
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aerobic to anaerobic metabolism occurred in car
diac muscle. Since glycogen content in dog heart
muscle is shown to be 400-495mg/100g wet wt®. the
mean value of plasma lactate at 24h after death
(414mg/dl) shows that most glycogen in the muscle
converted to lactate through glycolysis within 24h
It has been pointed out that L/P represents the
cytoplasmic NADH,/NAD ratio and becomes a
good indicator for tissue anoxia®. In the present
study, L/P in cardiac plasma rapidly increased til
4h, then remained fairly constant till 24h after death
(Fig. 2). Although the present conditions were
extremely abnormal, these results indicate that
NADH,/NAD ratio in the cytoplasm of cardiac
muscle increased at least till 4h after death.

In tissue anoxia, ATP rapidly degraded to AMP,
followed by formation of IMP, hypoxanthine,

-xanthine and uric acid®. Rapid accumulation of

total oxypurines in cardiac plasma of dogs (Fig. J)
shows that rapid degradation of ATP occurred in
cardiac muscle after death. Although uric acid is
degraded to allantoin by uricase in most animals®,
allantoin increased only slightly in cardiac plasma
(Fig. 4). Therefore, products of-ATP degradation
after death seemed to accumulate mainly as oxypur-
ines in cardiac muscle. Since cardiac muscle of
dogs contains around 5mM of ATP!® and the mean
concentration of oxypurines in plasma was calculat-
ed to be around 2mM at 24h after death, 409% of
ATP in cardiac muscle degraded to oxypurines
within 24h.

The present results that the increasing pattern of
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Fig. 2. Postmortem changes in plasma L/P in dog
cardiac blood. Each point represents the
mean =+ standard deviation with 4 dogs.
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Fig. 3. Postmortem changes in plasma oxypurines
in dog cardiac blood. Each point represents the
mean + standard deviation with 4 dogs.

S
T

e <]
T

=~
T

Plasma allantoin (mg/dl)
D
T

~

o

I ] ] | L
5 10 15 20 25
Postmortem time (h)

o

Fig. 4. Postmortem changes in plasma allantoin
in dog cardiac blood. Each point represents the
mean +standard deviation with 4 dogs.

lactate was greately similar to that of oxypurines
{Figs. 1 and 3) indicate that both lactate and
oxypurines in plasma are good indicators of anoxic
metabolism in tissue, and that anaerobic formation
of ATP by glycolysis (accumulation of lactate) and
degradation of ATP (accumulation of oxypurines)
occur simultaneously after death. Anoxic
metabolism seemed to become slow at 4h after
death probably due to decrease in temperature and
pH, deterioration of relating enzymes by proteolysis
and so on.

Anaerobic Metabolism in Dogs after Organismal Death 7

Although further study is needed with human
cadavers, indicators for anaerobic metabolism such
as plasma lactate or plasma oxypurines may find
applications for the estimation of postmortem inter-
vals because these metabolites specifically change
with postmortem time.
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