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ABSTRACT

This study aims to analyze histological changes in the lung and kidney organs of white rats (Rattus
norvegicus) that died from drowning and being submerged in seawater. The method usedtirdyhincluded
microscopic observation with hematoxykosin staining of lung and kidney tissue. The parameters identified
included alveolar edema, inflammatory cell infiltration, and blood vessel bleeding in the lungs, as well as tubular
necrosis andlgmerular congestion in the kidneys. The results of the analysis showed that there were significant
differences in the histological parameters of the lungs and kidneys between the treatment groups and postmortem
time. Vascular bleeding in the lungs showeedtatistically significant difference (p = 0.009). The submerged
white rat group (P1) showed faster pathological changes in lung and kidney tissue compared to the drowned white
rat group (P2). The conclusion of this study is that there are histologaagied in the form of alveolar edema,
inflammatory cell infiltration, and blood vessel bleeding in the lung organs, while in the kidneys there are
histological changes in the form of glomerular congestion and tubular necrosis, so these results haveitthe pote
to provide important information in determining the cause of death due to drowning and submersion and support
the development of forensic science.
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INTRODUCTION Histopathological analysis has been proven to support
) _ _ ) forensic diagnosis in such cases, as it reveals tissue changes
Forensic science plays aimportant role in law caused by hypoxia experienced by the victim.
enforcement efforts as it collaborates with various scientific Several previous studies emphasize the importahce
disciplines to uncover events related to crimes or unnaturghamining vital organs to detect specific signs in drowning
deaths. Through a scientific approach, forensic science igses. Lunetta et al. reported alveolar edema and pulmonary
able to provide objective evidence that can be Ilga hemorrhage as key indicatordeanwhile, Zhang et al.
accounted for, whether it involves biological, chemical, orexamined kidney organs, particularly identifying glomerular
physical analyss One of its applications in solving congestion andtubular necrosis as bodily responses to
problems in the field of forensics is the autopsy, which is &ypoxia.®
postmortem examination aimed at investigating sudden, Drowning can cause pathological changes in organs,
suspicious, mystesus, unwitnessed, unclear, unexplained,yhich are important to analyze for forensic purposes.
or unexpected deaths, as well as deaths legally considerg@cording to Budiyanto (1997), drowning is defined as an
criminal, workrelated, or medicatelated. The results of jncident in which fluid enters the bodghrough the
forensic autopsies are a crucial part of the evidenceespiratory tract, leading to asphyxia due to oxygen
gathering process, providing accurate infation to support  deprivation. In drowning events, the entire body does not
legal decisior’s The pursuit of truth in specific case need to be submerged in wateif the head, particularly the
investigations is carried out through forensic biology. nose and mouth, is submerged, it is already considered
Forensic biology makes a major contribution 1o growning
UnCOVering SC|ent|f|C evidence _thl’OUgh bi0|Ogica| The Wald Health Organization (WHO) reported that
approaches in criminal casesgspecially by analyzing approximately 0.7% of global deaths each year are caused
biological samples In death cases, branches of forensichy drowning. Drowningrelated deaths remain frequent.
biology play an important role in investigations, includngconsi der i n g | n ddosareunded Byswatgre o g r
forensic pathology, forensic entomology, and molecularng with an extensive coastltiehis may cotribute to the

examinations such as DNA analysi©ne type of death high rate of drowning deathsAccording to data from
case requiring forensic biology is  drowning.
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Sanglah General Hospital (RSUP) between 2Q@002, Histological examination of these rats was carried out to

there were 97 drowning cases, dominated by male vittims determine whether the subjecruly died from drowning,
Drowning can occur in various types of water, suchforced drowning, or homicide followed by drowning. Lung

as freshwater (riverdakes, or pools) and saltwater (S8a) and kidney samples were collected for histopathological

Victims may be found in either freshwater or saltwater, butesting to observe pathological changes in these organs after

the impacts differ. In freshwater drowning, fluid is absorbeddrowning or forced drowning in seawater.

significantly because its electrolyte concentration is lower

than blood, leading to hemodilan and water entering MATERIAL AND METHODS

alveolar capillaries, which may cause hemolysis. In contrast, . . . .

saltwater d?owning causes heymoconcentrat%n, as the higher This study employed an experimental design using a

electrolyte concentration draws water out of the puImon21r)?05tte‘°’t0nIy control group design. A total of 40 mal_e vyh|te
circulation into the interstitial space of the lungghis [t Rattus norvegicys aged 23 months and weighing
results in hypovolemia, increased blood magnesium level£00 300 g, were used as experimental animals. The animals
heart failure, and may lead to deith were divided into four groups: (1) seawater drowning group,
(2) forceddrowning group, (3) positive control group

_ According to Budiyanto, several terms are associategsacrificed by cardiac puncture without drowning)da4)
with drowning, including: wet drowning, in which fluid neqative control group (sacrificed by cardiac puncture

enters the wvict i mérevningevhiphi eyl af i sibhefsfor in sedwater). The research was
occurs when fluid does not enter the respiratory tract due t

) i o ‘Conducted over three months (Mardhbay 2025) at the
laryngeal spasm; secondary drowning, where victims di

several days after being rescued due to complications; a ien_ce Laboratory of Dhyqna F_’ura_ University fgr animal
immersion syndrome, in which death occurs due to Vagg]andlmg and treatment, while shological preparations of

reflex gter immersion in cold wat&t the lungs and kidneys were processed at the Histopathology
Drowningrelated deaths are common; therefore Laboratory, Veterinary Center, Denpasar. _
examinations of drowning victims are crucial. One type of Seawater samples were collected from Jasri Beach,

examination is the analysis of the lungs and kidneys, al€arangasem, with a salinity range of 135 ppt.
these organs are key indicators to determine whether deaxperimental animals in the deming and forcedadrowning
was truly caused by drowning, forced drowning, or murdergroups were submerged in seawater until death was
followed by submersion. The most common method igonfirmed, after which necropsy was performed to collect
tissuelevel examination, knpwn as histology. To ob.serve|ung and kidney samples. All specimens were fixed in 10%
damage and changes in the lungs and kidney$yffered formalin and processed using standard

histopathology is applied histopathological  dchniques, including fixation,

In forensic science, histopathology serves as andehydration, clearing, embedding in paraffin, sectioning at
important diagnostic method through microscopic analysid0i 20 um, and hematoxykeosin (HE) staining. Prepared
of cells and tissues to reveal pathological chaligesslides were examined under a light microscope at 400x
Histopathological testing is highly important because itmagnification to assess pathological changes.
helps determine whether a victim truly died fraimowning Histological assessment focused on identifying
by ~examining pathological changes that occurajterations in lung and kidney tissues. Lung pathology was
postmorterd whether by drowning, forced drowning, or eyajuated for alveolar edema, inflammatory cell infiltration,

homicide followed by drO\_/vning . . . .. and vascular hemorrhage, while kidney pathology included
Based on comparisons with previous studies, it is

. . lomerular congestion and tubular nedsoObservations
evident that the main focus has generally been on Iung/ 9

examinations b diatom testing, while histopathological ere scored sertjuantitatively on a scale ofi @ (0 = no

studies of drowning victims are still rare. Moreover, manychange, 1 = focal change, 2 = multifocal change, 3 = diffuse

studies distinguish between freshwater and saltwatdihange). Data were analyzed descriptively and statistically

drowning, though research could focus on just one typeising the KruskdaWallis test with SPSS version 25 to

Therefore, research on the histological feesunf lungs and compae tissue damage among treatment groups.

kidneys in white rats (Rattus norvegicus) in drowning

case8 identifying pathological changes at different time RESULT

interval® is important. Such studies can enrich forensica. Lung Histology

literature and provide supporting evidence for diagnosing Histological examination was carried out on lung

drowning in sawater. _ tissues from all treatment groups to assess the degree of
In this research, experiments were conducted ORamage resulting from the drowning process. The

laboratory animaB® white rats (Rattus norvegicuds)hat assessment was performed usingarisg system based on

were subjected to drowning or forced drowning in seawater . .
) 9 9 three main parameters: alveolar edema, inflammatory cell
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infiltration, and vascular hemorrhage. Scores were assignaetkgative control (K), mild glomerular congestion and
as follows: 0 (no change), 1 (focal change), 2 (multifocatubular necrosis were observed consistently, with scores
change), and 3 (diffuse change). The microscopicanging from O to lat 1 hour and progressing té2Lby 3
observaibns of lung tissue preparations from each group aréours. In the forcedirowning group (P1), both parameters
presented showed more pronounced damage, with glomerular
From the scoring data above, results can beongestion and tubular necrosis reaching diffuse changes
summarized for each treatment group. Overall, the fou¢score 3) by the-Biour interval. Similarly, in the dromng
groups demonstrated histological changes in lung tissueggoup (P2), marked glomerular congestion (score 3) and
that reflect postmortem alteratiodsie to drowning. These tubular necrosis (score 3) were evident at3 Zhours
findings are supported by microscopic observations of lungostmortem. Overall, the findings indicate that both
tissues glomerular congestion and tubular necrosis are consistently
b. Kidney Histology present in drowned and forcedowned animals, with
Histological examination of kidney tissues from all severity increasing over time, particularly in the treatment
treatment groups was conducted to evaluate postmortegroups compared to controls.
changes. The assessment was based on m&n c. The Effect of Treatments on Lung and Kidney
parameters: glomerular congestion and tubular necrosisiistology
observed at postmortem intervals of 1 to 3 hours. Scoring To evaluate whether there were significant
was carried out on a scale of 0 to 3, where 0 = no change,dlfferences among the treatment groups for tested and
= focal change, 2 = multifocal change, and 3 = diffuseobserved parameters, statistical analysis was performed
change. using the KruskdMWallis test. This test was selected
The histologcal examination of kidney tissues because the observational data did not meet the assumptions
revealed variable changes across treatment groups @it normal distribution and homogeneity. The analysis was
different postmortem intervals (2 hours). In the positive intended to dermine whether the treatments had a
control (K+), glomerular congestion increased graduallysignificant effect on the observed histological parameters.
from moderate (score 2) at 1 hour to severe (scpr@ 3  The results of the analysis for both lung and kidney tissue
hours, while tubular necrosis progressed from absent (scosamples are presented in Tabléelow:
0) to moderate (score 2) within the same interval. In the

Table 1.Kruskal Wallis Test Results

Inflammatory
Alveolar Cell Vascular Tubular  Glomerular
Organ Edema Infiltration Hemorrhage Necrosis Congestion
Lung 0.178 0.127 0.009 i i
Kidney i i i 0.672 0.185

Based on the Kruskialvallis test results for lung DISCUSSION
tissue histology, the -palues varied across parameters: Lung Histological Changes
alveolar edema (p = 0.178), inflammatory cell infiltration (p This study examined histopathological alterations in
= 0.127), and vascular hemorrhage (p = 0.009). Accordingrowning cases, focusing on alveolar edema, inflammatory
to the significance criterion (p < 0.05), only vascularcell infiltration, and hemorrhage. In forced drowning (P1),
hemorrhage showed significant differences betweedlveolar edema appeared early and progressed rapidly to
treament groups, while alveolar edema and inflammatoryiffuse forms, driven by seawex hypertonicity and
cell infiltration did not. Meanwhile, in kidney tissues, aspiration, which damaged alveolar structures. Natural
tubular necrosis (p = 0.672) and glomerular congestion (p 8rowning (P2) showed milder and more localized edema,
0.185) both had {walues > 0.05, indicating no significant While the trauma group (K+) developed edema from direct
differences among treatmegnoups. injury. The negative control (K displayed only late,
minimal edema as a secondary postmortem effect.
Inflammatory cell infiltration was most prominent in P1,
beginning within one hour and spreading widely, reflecting
a vital reaction to seawater aspiration. P2 aridskowed
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slower, localizedinfiltration, linked mainly toautolysis, Ki, confirming that bleeding requires external triggers.
while K+ showed strong infiltration due to trauma. Overall, the combination of diffuse edema, strong
Hemorrhage followed a similar pattern: P1 demonstratethflammatory infiltration, and hemorrhage in P1 indicates
diffuse bleeding from vascular rupture caused byactive drowing with vital physiological responses.
intrapulmonary pressure, P2 showed lighter multifocal
hemorrhage, and K+ presented sigmifit hemorrhage that
could mimic drowning artifacts. No hemorrhage occurred if™

The microscopioview of the lungcan be observed

Figure 1 Microscopic view of the lung tissue in 4 treatment groups with a postmortem interval of 1 to 3 hours. Magnification
10x, HE staining.

Kidney Histological Changes characterized by epithelial cell detachment and ischemic

_ ) injury driven by systemic hypoxia and osmotic imbalance.

The kidney analysis focused on glomerular), ps hecrosis was slower and less intense, mainly lirked t
congestion and tubular necrosis. In P1, glomerulagivsis K+ and K showed only mild, late necrosis,

congestion was detected early and became widespreaghs,ciated with decomposition rather than hypoxic injury.

resulting from hypoxia and venous stasis caused by forceghase findings highlight that forced drowning produces the
drowning and the hypertonic effect of seawater. B® @ oot severe and distinct renal changes, while passive

developed _congestio_n but With slower progression angirowning and controls exhibit weaker, secondary
lower severity, reflecting a passive postmortem process. Ko ations. Thus, glomerular congestion and tubular

e?<h|b|ted progressive 00”993“9” due to trammatgd necrosis may serve as supportive forensic indicators when
circulatory disturbance, while K showed only mild, combined with lung histology.

delayed congestion consistent tlwi natural autolysis.
Tubular necrosis appeared earliest and most severely in P1, The microscopiwiew of kidneycan be observed in:

Figure 2. Microscopic view of kidney tis®iin 4 treatment groups with a postmortem interval of 1 to 3 hours. Magnification
10x. HE staining. Black arrows indicate glomerular congestion, and yellow arrows indicate tubular necrosis.
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