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Article History: Abstract: Background: The act of suffering with breathing 

impairments as a  result of submersion or immersion in liquid is called 

drowning. Aim is to evaluate the post mortem, histopathological and 

electron microscopic findings of submerged wistar rat liver. Materials 

& methods : Wistar rat was sacrificed by submerging in water for 

three days and autopsy was done on liver tissue. Result : There was 

loss of morphological structure and nuclear cytoplasmic detail, 

sinusoids were constructed, coagulative necrosis, homogenous 

eosinophilic hyaline like appearance of hepatocyte cells. Hepatocyte 

cells are seen as clusters, the central vein were constricted because of 

oedema with CD34  & SMA showing positivity. Conclusion: From 

the study we may conclude that the aspiration of water into the airways 

causes drowning which results in death. If the findings are further 

explored, forensic pathology could benefit as a highly reliable 

technique at low cost. 
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INTRODUCTION 
 

Finding the cause of death (Eg: Drowning, Natural 

ailment) and the manner of death (Eg: Murder, 

Suicide, or Accident) when a body is discovered in 

water is frequently difficult for forensic pathologists 

(1).  India accounts for 17% of all accidental drowning 

deaths worldwide, making it a major contributor to 

the global burden of drowning. India's population is 

frequently exposed to water due to its enormous 

inland freshwater systems and more than 8000 km of 

coastline (2). 

Young children are more likely to die from drowning, 

with 27% of unintentional injury deaths in United 

States occurring before the age of 1-4 years. More 

often than women, men are involved. The location 

will obviously depend on the nation and region, with 

seawater drownings being more common in coastal 

areas. Coastal areas also have a higher rate of boating 

accidents and drownings due to water sports like 

diving. Suicide is a more frequent cause of drowning 

in adults and is frequently linked to a preexisting 

psychiatric condition (3). Most at risk in terms of 

access to suicide tools as well, while it is also easy to 

commit suicide by drowning in a bathtub or other 

such home amenities (4). 

According to data through 2021, there were 2,36,000 

drowning deaths registered worldwide (5). According 

to the National Crime Records Bureau from 2019, 

there are 82 drowning deaths each day in India. Of the 

overall number of drowning deaths, nearly 11,884 

instances (39.74%) were caused by accidental falls 

into water, while 7426 cases (5.6%) were caused by 

suicidal drowning. Drowning was the second most 

common cause of unnatural death after traffic 

accidents (53.4%), accounting for 29,903 cases (9.4%) 

out of 316,828 cases of unnatural deaths. Of these, 

23,166 cases (77.47%) were male, 6736 cases (22.52%) 

were female, and 1 case (0.0033%) was transgender 

(6).  

The difficulty of making the postmortem diagnosis of 

drowning is one factor contributing to the confusion 

surrounding the number of drowning deaths. An 

autopsy, toxicological and microscopic tests, as well 

as a thorough investigation of the circumstances are 

all part of the inquiry of remains found in water. The 

main issue is whether the person died as a result of the 

submersion or whether it happened after death. Sadly, 

"real" drownings are not always easy to identify (7,8). 

There are no pathognomonic postmortem findings 

that identify drowning (9,10). The diagnosis is instead 

based on two variables. First, the circumstances and 

history that supports drowning. Second, a sickness or 

physical injury whose severity or extent is 

irreconcilable with continuing life is not revealed by 

the autopsy. Numerous non-specific ("soft") 

anatomical data can also be taken into account. As 

drowning is an excluded diagnosis, a full autopsy is 

necessary, including a toxicological study (11). 

Hypoxia is a significant pathophysiological aspect of 

drowning. A tissue is analysed by post-mortem, 

histopathology to elucidate the cause and mechanism 

of death and injury (12). The factors that affect the 

post-mortem  autolytic process are temperature, air 

humidity  and environment (12,13). This research is 

needed to get data from gross, histopathology analysis 

and electron microscopic findings of submerged 

wistar rat liver.  We will be able to have data about the 

changes that occur in a liver tissue of wistar rats which 

occurs due to submerging. Our team has extensive 

knowledge and research experience  that has translate 

into high quality publications(14–28). The aim of the 

study is to understand Post-mortem, histopathological  

and electron microscopic findings of submerged 

wistar rat liver. 

 

Materials and methods 
 
The Male wistar rats used in this study were from 

BRULAC animal house of  Saveetha Dental College 

and Hospitals in Chennai's. With ethical clearance 

given by  Saveetha Scientific Review Board and 

ethical clearance number 

IHEC/SDC/FACULTY/22/GPATH/451, this 

experiment was carried out in June 2022. The rat was 

housed in an airtight cage at a temperature between 
24 and 27 ℃elsius prior to being submerged. The rats 

were allowed to consume as much food and liquid as 

they pleased. 

A healthy wistar rat weighing between 274g and 375g 

was used. The sacrificed anaesthetized rat was 

immersed in water. After two days, the submerged rat 

were removed from water. The swollen submerged rat 

liver after sacrificing were grossed. The study 

comprised healthy submerged healthy rat as well as 

non-submerged healthy rat. Improperly sectioned and 

stained slides, damaged archival tissues, artefact slides 

and drugged rats and rats suffering from systemic 

disorders were all ruled out.  

After grossing, the liver tissue was fixed in formalin 

for 24 hours, processed in alcohol, and embedded. 

Then, 3–4 micrometre section of the tissues were 

made with a semi-automated microtome, and 

hematoxylin and eosin staining was performed on 

them. 

After being submerged in xylene for ten minutes, the 

tissues were rinsed under running tap water. The 

tissues were subjected to three xylene changes for 

three minutes each, and is rinsed with distilled water, 

and then subjected to three propanol changes for three 

minutes. The tissues were stained for one minute with 

hematoxylin, rinsed with a drop of 1% acid alcohol, 

and then left in tap water for five minutes. The tissue 

was then stained with Eosin for a minute before being 

cleaned with a drop of alcohol (ethanol). The stained 

tissue was then re-immersed for five minutes in tap 

water for bluing. The tissue was then submerged in 

propanol and xylene, followed by drying and DPX 
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mounting.  

 

Result 
On autopsy, the liver was enlarged, brown in colour, with the size of around 9-9.5cm in transverse diameter (Figure 

1). While sacrificing areas of liver was hard intermixed with soft consistency, the size was about 2-3cm and margins 

were well demarcated. Submerged rat liver histological findings demonstrated loss of morphological structures, loss 

of nuclear cytoplasmic detail, constricted sinusoids, hepatocyte cells with homogenous eosinophilic hyaline like 

appearance, clustered hepatocyte cells, and constricted central vein due to oedematous liver (Figure 2) along with 

Coagulative necrosis. Immunohistochemical findings were positive for CD34 and SMA (Figure 3).  

 
Figure 1: Grossing of submerged rat liver 

 
Figure 2: The above hematoxylin and eosin lung sections show 2A) loss of morphological structure, 2B) loss of 

nuclear cytoplasmic detail, 2C) constricted sinusoids, 2D) homogenous eosinophilic hyaline like appearance of 
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hepatocyte cells, 2E) clustered hepatocyte cells 

 
Figure 3: Immunohistochemistry findings were positive for CD34 and SMA 

 

DISCUSSION  
 

Our present study evaluated, the Histological findings 

of two days of submerged rat liver which revealed loss 

of morphological structures, loss of nuclear 

cytoplasmic detail, constricted sinusoids, 

homogenous eosinophilic hyaline-like hepatocyte 

cells, clustered hepatocyte cells, a constricted central 

vein due to oedema and areas of coagulative necrosis.  

A similar study was done by Yukari Tomita on 

Ultrastructural changes during in situ early 

postmortem autolysis in kidney, pancreas, liver, heart 

and skeletal muscle of rats. Cell edema (cell swelling), 

nuclear chromatin clumping, and the loss of 

mitochondrial cristae were observed in the 

hepatocytes one hour after death; the extent of 

mitochondrial cristae loss increased over time. The 

hepatocytes showed amorphous thick deposits in 

mitochondria fifteen hours after death. 

Another study by Yukari Tomita on Histology of 

postmortem changes in rat livers to ascertain hour of 

death has the following results on liver postmortem 
autolysis. Male rats held at room temperature (23 ℃), 

body temperature (37.5 ℃), and cool temperature (5 

℃) after death had their postmortem hepatic tissue 

changes studied in relation to the hour of death. The 

temperature at which the body was stored was found 

to affect the timing and severity of histological 
postmortem alterations in the liver (5℃ 23 ℃ 37.5 

℃). After 48 hours at 5 ℃, there was decreased 

stainability of erythrocytes, atrophy of hepatocytes, 

sinusoidal dilatation, and karyopyknosis of 

endothelium or Kupffer cells. In contrast to 12 hours 
at 23 ℃, these observations were made in rat tissues 

held at 37.5 ℃ after 3-5 hours (29). Hepatocyte 

atrophy and sinusoidal dilatation were both 

noticeable in the subcapsular area. There were 

swollen nuclei and karyopyknosis with an 

eosinophilic cytoplasm in the epithelia of the 

interlobular bile ducts (IBD) (30).  

According to electron microscopy, the first shift 

involved nucleoplasmic heterogeneity and peripheral 

distribution of nuclear chromatin with coagulative 

cytoplasmic organelles, whereas atrophy of the nuclei 

with cytoplasm, including rupture and organelle 

elimination were also noted (31,32). According to the 

timing of these observations in dead rats housed at 

various temperatures, postmortem alterations of 

epithelial nuclei associated with swelling to 

karyorrhexis (disappearance) via karyopyknosis (33). 

Further studies on drowning will be highly effective 

by interpreting the time of death with liver 

histopathological findings by conducting it at various 

intervals of time and varying temperature in 

submerged  rat liver which can enable a better 

interpretation for forensic identification. 

 

CONCLUSION  
 

From the study we may conclude that the aspiration 

of water into the airways causes drowning which 

results in death. If the findings are further explored, 

forensic pathology could benefit as a highly reliable 

technique at low cost. 
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