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ABSTRACT

Background: Pesticide intoxication, a significant global health issue,

ARTICLE INFO

Keywords: particularly in developing nations, is often caused by the most toxic
organophosphates, pesticides, organophosphates. These substances activate the sympathetic
livor mortis, d theti t duci h teristic li

Wistar rats, and parasympathetic nervous systems, producing a characteristic livor
toxicity mortis. It is a secondary sign of death that can be used to estimate the

time and cause of death.

Objective: This study aims to determine the difference in livor mortis due
to organophosphate poisoning and ordinary death (decerebration) using
Wistar rats.

Methods: From March to April 2023, we conducted an experimental
study with a posttest-only control group at the Laboratory of Animal
Experiments, Faculty of Medicine, Sebelas Maret University. We used 32
male Wistar rats weighing 150-200 g, divided into control and test groups.
The test group received organophosphate diazinon 1.16 ml through a
nasogastric tube, while the control group was decerebrated. The data was
processed with univariate analysis and an independent t-test.

Results: There was a significant difference in the appearance and the
persistence time of livor mortis between the control and test groups
(p < 0.05). The color of livor mortis in the control group was purplish
blue, while in the test group, it was reddish to blackish blue. Most of our
samples displayed a distribution of livor mortis in the abdominal and
dorsal regions, with a some displaying an abdominal distribution only.
Conclusion: Our study reveals significant differences in the appearance
and persistence time, as well as the color and distribution of livor mortis
between decerebrated and organophosphate-induced dead rats.

pesticide poisoning.?
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INTRODUCTION

Agriculture is paramount to nations, often
regarded as a "national security" due to the
indispensability of its products for human survival.!
The global trade value of agricultural goods surged
to $1.3 trillion in 2017, exhibiting a sevenfold
increase in real terms compared to three decades
ago.? To guarantee the efficiency of agricultural
practices, pesticides are commonly applied. Despite
existing regulations that manage pesticide usage, a
lack of awareness and insufficient implementation
mechanisms lead to the unregulated application of
these substances, thereby contributing to human

Pesticide intoxication stands as a significant
contributor to global mortality and morbidity,
particularly in developing nations where
agriculture serves as the primary commodity.*
In 2020, globally, there were approximately 385
million annual cases of unintentional pesticide
poisoning, resulting in around 11,000 fatalities.
Furthermore, there are 110,000 to 168,000 deaths
due to intentional pesticide poisoning, primarily
in rural agricultural regions of low- and middle-
income countries.® Pesticides can be categorized
based on their chemical composition, including
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organophosphates, carbamates, organochlorine,
and chloralose compounds.® Organophosphates,
being the most extensively utilized substances, are
the primary contributors to fatal incidents globally.”
As per reports, approximately 3 million individuals
worldwide are exposed to organophosphates
each year, leading to an annual mortality rate
of 300,000.8 Studies suggest that in developing
nations characterized by underdeveloped
healthcare systems and larger populations reliant
on agriculture, a higher frequency of incidence is
expected.’

Organophosphates can activate both the
sympathetic and parasympathetic nervous
systems. In fatality cases, respiratory failure is
typically the predominant cause, resulting from
bronchoconstriction, weakening (paralysis)
of respiratory muscles, bronchorrhea, or
central respiratory depression.!® Inhibition
of acetylcholinesterase leads to acute toxicity.
Organophosphate intoxication can cause a range
of clinical manifestations, such as muscarinic,
nicotinic, and central nervous system effects.!!
These signs and symptoms can be remembered
using the acronym DUMBELS: Diarrhea, Urination,
Myosis, Bronchospasm, Emesis, Lacrimation, and
Salivation.?

Diazinon is a frequently used organophosphate
pesticide, impacting various pests by deactivating
the acetylcholinesterase enzyme. Despite its
widespread use, global concerns about the
potential toxicity of diazinon to human health have
arisen, particularly regarding its presence in food."®
Furthermore, statistically, in rice fields, where
more than 1,000,000 kg of granular pesticides
and around 600,000 liters of liquid pesticides are
applied, diazinon stands out as the predominant
type of pesticide in use.™*

Changes that occur in the body of a corpse
are signs of death, categorized into primary
(uncertain) and secondary (definite) signs.!®
Primary signs, which occur shortly after death,
include the cessation of the cardiovascular,
respiratory, and central nervous systems. On the
other hand, secondary signs happen sometime
after death, including a decrease in temperature
(algor mortis), postmortem lividity (livor mortis),
corpse stiffness (rigor mortis), decomposition,
adipose, and mummification.!® Secondary signs
of death are usually used to estimate the time and
cause of death.”
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Livor mortis is the blood collection into the skin
and subcutaneous tissue accompanied by dilation
of capillaries.’ It is a definitive sign of death and
can help estimate the length of time of death,
determine the position of the corpse at the time
of death, and estimate the cause of death.'® Several
factors influence it, such as the duration of blood
in liquid, blood volume capacity, and the color of
livor mortis. The more blood volume, the faster
the livor mortis and vice versa.'® The color of livor
mortis also indicates the cause of death. Brick red
indicates carbon monoxide gas poisoning, bright
red indicates cyanide poisoning, bluish brown
indicates aniline and nitrobenzene poisoning, dark
brown indicates phosphorus poisoning, dark red
indicates asphyxia, and dark red bluish indicates
organophosphate poisoning.'>1920

Livor mortis, a vital element in forensic analysis,
estimates the time and cause of death.'® In our
study, we focused on the duration of formation
and persistence, color difference, and distribution
of livor mortis, all of which were influenced by
exposure to organophosphates.

The human corpse is an ideal sample, but
because it is impossible, we used the Wistar rats
without reducing the validity and scientificity.
The effects of organophosphate toxicity have been
widely studied, but the effects of organophosphate
toxicity on livor mortis remain elusive. This
study aims to determine the differences in livor
mortis using the parameters of the duration of
formation and persistence, color differences, and
distribution of livor mortis found in the carcasses
of organophosphate-intoxicated Wistar rats.

METHOD
Study design

From March to April 2023, we conducted an
experimental study with a posttest-only control
group at the Laboratory of Animal Experiments,
Faculty of Medicine, Sebelas Maret University, to
assess livor mortis in dead rats.

Population and sample

We used the male Wistar rats (Rattus
norvegicus) aged 2-3 months, weighing 150-200
g. Each animal was monitored daily during the
acclimatization period to ensure the achievement
of inclusion criteria. The characteristics of the
subjects were chosen for practical reasons, as well
as their similarities with the human physiological
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system.?*?2 We excluded the animals when in the
adaptation phase for five days in the laboratory
room, rats experienced signs of illness such as oily,
falls out, and dull hair with piloerection; dramatic
decreased of body weight; pallor, dehydration,
abnormal posture; eyelids slightly closed, sunken
eyes, exophthalmos, red secretions around the
eyes; diarrhea or blood in the stool; tremor, coma,
ataxia; sneezing, tachypnea, breath sounds, nasal
discharge. Regular checking was carried out daily
at regular intervals.?

Data collection

The sample size was determined using
Federer's formula. In this study, we categorized
into two groups: control or decerebration (n
= 16) and test or organophosphate induction
groups (n = 16).2* Livor mortis was observed
every 5 minutes after death until there was a color
change, which was then recorded as the duration
of livor mortis appearance. Then, it is followed
by pressing the lividity to see it persist. We also
observed the color and distribution of livor mortis.
Each test animal was divided into three testing
sessions and divided into six rats per session for
each group. Data on the duration of livor mortis
appearance, persistence, color, and distribution
were observed periodically for five minutes for 1-2
days postmortem. In addition, data on treatment
time and time to death were also observed. The
observation site used a container with a length
and width of 70 cm x 40 cm filled with 5-6 rats.

Research variables and measurement

We used the organophosphate treatment
as an independent variable, in which we used
diazinon (Diazinon® liquid 600 EC 100 ml). The
liquid was administered to animals through a
nasogastric tube (1.16 ml/administration). This
administration dose was determined based on
Nair and Jacob’s dose conversion guide.25 The
maximum dose in rats for diazinon ranges from
250 to 1,250 mg/kg body weight (BW). Since
we used 200 g of rats, we obtained the optimal
dose of 350 mg/kg BW. Then, the concentration
of the solution was obtained from the net weight
of diazinon, which was 10% multiplied by 600
mg/ml (Diazinon preparations on the market) or
60 mg/ml. Therefore, the induction volume (ml)
is (0.2 kg x 350 mg/kg) / (60 mg/ml) =1.16 ml.

The livor mortis was assessed using four
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parameters. The appearance and persistence of
livor mortis were measured using a ratio scale,
while the color and distribution of livor mortis
were measured using a nominal scale.

Data analysis

This study used an independent t-test for
quantitative observations and comparisons.?®
The data were examined using IBM Statistical
Package for the Social Sciences (SPSS) Statistics
Version 25. We used the Shapiro-Wilk test for
parametric data with a sample size of less than
50. The homogeneity test will be analyzed using
Levene's Test.

Ethics

The Health Research Ethics Commission of Dr.
Moewardi Hospital granted ethical approval for
this research under reference number 367/I11/
HREC/2023.

RESULT

We discovered a significant difference in the
duration of livor mortis appearance between the
control and test groups (p = 0.001) (Table 1). The
mean duration of the livor mortis appearance in
organophosphate-induced dead rats was faster
(26.25 minutes) than ordinary dead rats (63.81
minutes). We also found that the mean time of livor
mortis persistence in the test group was faster than
the control group (260.94 and 343.75 minutes,
respectively), with p = 0.001. In macroscopic
observation, the color of livor mortis in the control
group was all purplish blue, and the test group was
dominated by reddish blue (Figures 1 and 2). In
the distribution of livor mortis, most of the control
and test groups were distributed in the abdomen
and back (Table 2, Figure 3, and Figure 4).

DISCUSSION

Medical science defines humans as individuals
and cells, while death can be defined as individual
(somatic) and intracellular death.?’” The central
nervous, cardiovascular, and respiratory systems
stop functioning permanently (irreversibly)
during somatic death, marked by no presence of
body reflexes, heartbeat, movement, or breath
sounds. However, in somatic death, metabolism
continues with the remaining oxygen supply.?® The
endurance of each tissue and organ is not similar in
response to the absence of oxygen, so each tissue
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Table 1. Result of livor mortis observations

Livor mortises appear (minutes) Persistent livor mortis (minutes)
Decerebration Organophospat Decerebration Organophospat
Mean+SD* 63.81+6.38 26.25 +7.54 343.75+£67.32 260.94+44.32
p 0.001 0.001

*Normal data distribution from Shapiro-Wilk test, p > 0.05, SD: standard deviation, p from independent t-test

Figure 1. Livor mortis in the control group (left) and organophosphate group (right)

Purplish blue Redd|;h blue
100%% 3%

Dusky blue
25%

Figure 2. Comparison of the color of livor mortis in the control (a) and test groups (b)

Flgure 3. Livor mortis in the control (left) and organophosphate groups (right)

175



JKKI 2024;15(2): 172-181

Nugroho, et al. Differences in livor mortis....

Table 2. Result of distribution of livor mortis observations

Sample Decerebration Organophosphate
1 abdomen+back abdomen+back
2 abdomen+back abdomen+back
3 abdomen abdomen+back
4 abdomen+back abdomen
5 abdomen abdomen
6 abdomen+back abdomen+back
7 abdomen abdomen+back
8 abdomen+back abdomen+back
9 abdomen abdomen
10 abdomen+back abdomen+back

11 abdomen abdomen
12 abdomen abdomen+back
13 abdomen+back abdomen
14 abdomen+back abdomen+back
15 abdomen abdomen
16 abdomen+back abdomen+back

organ has a different duration of cellular death.?”

[tis necessary to examine the signs and changes
that occur after death. Signs of death can be divided
into uncertain (primary) and certain (secondary)
death.?® Primary signs of death are associated with
somatic (systemic death), which is associated
with irreversible cessation of vital functions of
the brain, heart, and lungs.'® Secondary signs of
death are known as definite signs and occur at
the molecular level. Depending on the capacity
of cells and tissues to survive without oxygen,
somatic and molecular death do not co-occur. After
death, a sign of secondary death can be found in
the corpse, such as a decrease in body temperature
(algor mortis), bruising (livor mortis), stiffness
(rigor mortis), and decomposition.?

In this study, we concentrated on macroscopic
alterations, particularly variations in the sign
of secondary death in rat carcasses induced
by organophosphate and those that died
naturally. Our experiments aimed to validate the
fundamental understanding of observable and
time-dependent post-mortem interval (PMI)
findings in rats affected by organophosphate
and those that died naturally. Remarkably, both
control and experimental rat carcasses observed
a spectrum of alterations.

Organophosphates are among the most toxic
pesticides and often result in human poisoning.?’

Organophosphates are skin contact, stomach,
and inhalation toxicants.*® They can Kkill in small
amounts, but adults need more than a few
milligrams for death to occur. Direct inhibitory
organophosphates are organophosphates that
do not require metabolic activity to cause toxic
effects in direct contact areas, such as sweating
(skin contact), bronchospasm (respiratory
contact), and miosis or pinpoint pupils (eye
contact).’! The need for metabolic activation
prior to acetylcholinesterase inhibition caused by
organophosphates is divided into direct inhibitory
(containing = 0) and indirect inhibitory (containing
= §S) organophosphates. Indirect inhibitory
organophosphate compounds must undergo
bioactivation to become biologically active.
Parathion, diazinon, malathion, and chlorpyrifos
are indirectly inhibited organophosphate
compounds that are more toxic than their parent
compounds.*?

The fatal doses for the organophosphate group
are parathion 10 mg/kg BW, malathion 1-5 g,
tetraethyl pyrophosphate 0.4 mg/kg BW, and systox
100 mg. Several factors influence the action of
toxins, so the lethal dose is difficult to determine.*®
Therefore, the toxic dose used is the Approximately
Fatal Dose (AFD), which helps doctors assess a
case’s prognosis. Approximate fatal dose may
also be referred to as Usual Fatal Dose (UFD).
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Usually, the UFD is based on the Minimum Lethal
Dose (MLD), which is generally indicative of the
lethal dose in 50% of animals (LD50). The UFD
for diazinon-type organophosphates is 0.1 g/kg
BW in adults and 250-1,250 mg/kg BW in rats.3*
Calculations were done, and the lethal dose in
Wistar rats was 1.16 ml.

The test animals are defined as dying when the
central nervous, cardiovascular, and respiratory
systems permanently stop, which can be referred
to as somatic death. Individual death can be a
marker of subsequent intracellular death.3> The
initial postmortem alterations happen during the
early stages when the body remains fresh, before
the deterioration of soft tissues, encompassing
rigor mortis and livor mortis. These changes
hold forensic importance. Livor mortis (lividity
or postmortem hypostasis) refers to blood pooling
towards the body’s lower side due to gravitational
forces acting upon blood and bodily fluids.3¢

The control group exhibited a significantly
longer average forming time of livor mortis
(64 minutes) and a significantly longer mean
disappearing time (344 minutes) compared to the
treatment group (26 minutes and 261 minutes,
respectively). These results indicated that livor
mortis manifested and persisted more rapidly in
rats induced with organophosphates than in those
that died naturally. A study in Manado, using five
rabbits for each control and experimental group,
noted a non-significant discrepancy in the onset
and duration of livor mortis.*’

In humans, a livor mortis spot is formed
within 20-30 minutes after death.?’ In 1-2 hours
postmortem, it begins to be visible. After 2-4 hours,
more prominent spots begin to be detectable.
Consequently, homogeneous spots are formed in
4-6 hours postmortem, and livor mortis begins
to remain in 8-12 hours. After 8-12 hours, it
will not disappear by applying pressure.®® The
disappearance of livor mortis by suppression
indicates the lividity has not been completely
fixed.’®

The appearance and persistence of livor mortis
inrats are faster than in humans due to the smaller
body area of rats, which allows for faster formation
when circulation failure occurs. In humans, the
speed of livor mortis progression increases during
rapid decomposition but is slowed down in cold
environmental conditions, remaining consistent
within 24 to 36 hours. However, the manifestation
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of livor mortis varies significantly depending
on several factors, including environmental
conditions, location, species, body size, patterns
of color change, and circumstances surrounding
death.®

Acute organophosphate poisoning, particularly
diazinon, poses a severe threat as it can induce
cholinergic syndrome. This syndrome results from
the enzyme acetylcholinesterase being inhibited
by phosphorylation, leading to an increase in
acetylcholine levels. The broad effects of this
syndrome, such as bronchospasm, dyspnea,
vasoconstriction, tachycardia, hypertension,
muscle fasciculation, and muscle cramps, can lead
to respiratory failure.! The failure is characterized
by paralysis of respiratory muscles, respiratory
center depression, pulmonary edema, excessive
bronchial secretions, and bronchoconstriction,
leading to asphyxia that causes treated rats to
die. If the individual survives the immediate
poisoning incident, they will have a risk of long-
term complications.®* Cholinergic syndrome is
commonly associated with organophosphates,
parasympathomimetic drugs, carbamate
poisoning, and certain types of fungi.*

In asphyxia, the lungs lack oxygen, leading to
increased carbon dioxide levels and fibrinolysin
activity. This increase in fibrinolysin activity
makes blood flow easy and makes it challenging
to coagulate.*! The source of this fibrinolysin is
unknown. However, it most likely originates from
the vascular endothelium and the serous surface
of the pleura. The activity of fibrinolysin is very
evident in capillaries filled with blood so that
the livor mortis will settle quickly. In asphyxia
death, blood will contain high fibrinolysin due to
the process of oxygen insufficiency so that livor
mortis will form and settle faster.*?

Macroscopic observation found that the corpse
was purplish blue in the control group, while
three-quarters of the samples were reddish blue,
and a quarter were blackish blue in the test group.
Our results are aligned with the theory that in
asphyxia conditions, the amount of carbon dioxide
in the blood increases, causing cyanosis, and
the color of the livor mortis formed is dark red-
bluish.*® In a separate investigation using a rabbit
specimen, livor mortis appeared purplish-blue in
the control group and reddish-purple in the test
group. Discrepancies between these two studies
could derive from variations in sample size and
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composition across the studies.’’

The visible red color can be caused by bleeding
spots (petechiae) or, in the case of asphyxia, it is
commonly referred to as Tardieu's spot. It occurs
due to damage to the capillary endothelial wall
and increased capillary permeability because
of hypoxia. Due to local dilatation of blood
capillaries, these bleeding spots often form in
loose connective tissues, such as tissues under the
eyelids and organs with transparent membranes.**
The abdomen of rats has thinner skin and many
blood vessels, which makes the color redder due
to dilation of local capillary. In this study, the
color of the livor mortis in the control group was
purplish blue, which is discordance with the theory
that the normal color of livor mortis is reddish
purple. This color is formed due to the separation
of hemoglobin with oxygen and continuous
oxygen consumption. The longer the postmortem
interval, the darker the color will look due to the
formation of deoxyhemoglobin.’® Livor mortis
color indicates the cause of death, such as brick red
color indicates carbon monoxide gas poisoning,
bright red color indicates cyanide poisoning,
bluish brown indicates aniline and nitrobenzene
poisoning, dark brown indicates phosphorus
poisoning, and dark red indicates asphyxia.** In
addition, the foam will appear in the mouth of rats
because of organophosphate induction, which is
related to the cholinergic syndrome condition.
Organophosphates, which hinder the function
of the enzyme acetylcholinesterase, lead to the
breakdown of the neurotransmitter acetylcholine.
Consequently, there is a surplus of acetylcholine in
the body, resulting in increased nerve stimulation
throughout different body regions, including
surrounding the mouth and respiratory passages.
This excessive stimulation can trigger involuntary
muscle contractions in the mouth and respiratory
passages, forming foam.?®

This study also found that the distribution
of livor mortis in both groups is more than 50%
in the abdominal and back. However, in the test
group, the percentage was more significant. The
distribution of livor mortis depends on the corpse’s
position.*® According to the law of gravity, blood
will collect in the lowest part of a person's body
when death occurs. Capillary blood vessels will be
restrained by the continuous flow of blood, which
will cause blood cells to escape from the capillary
blood vessels into the surrounding tissues, giving
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the impression of color. However, this does not
happen for body parts pressed against hard mats.*’
The increased activity of fibrinolysin and carbon
dioxide, which makes it difficult for blood to
coagulate and flow, contributes to the widespread
distribution of postmortem lividity. These results
are also consistent with the broader distribution
of postmortem lividity in the test group, in which
we found both distributions in the abdomen with
back about 62.5%.

There are still some limitations in this study.
The dose variation in this study only uses one
administration time. Therefore, we cannot
determine the optimal lethal dose in the death
of test animals. Also, this study was conducted
periodically due to limited human resources, and
there may be bias related to testing time. The use
of ketamine anesthesia at a dose of 0.3 per oral
in the samples is a confounding factor in meeting
the principles of animal welfare. Although the use
of this substance did not influence the results,
further study is still needed.

CONCLUSION

We discovered a significant difference in the
appearance and persistence duration of livor
mortis between ordinary (decerebrated) and
organophosphate-induced dead rats. We also
found distinct color variations of livor mortis
between ordinary dead rats (purplish blue)
compared to organophosphate poisoning (dark
red bluish). Most of our samples displayed a
distribution of livor mortis in the abdominal
and dorsal regions, with a some displaying an
abdominal distribution only. Further studies with
more subjects and proper anesthesia methods
are needed for better results that represent our
hypothesis.
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