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ABSTRACT	Comment by KOUBERI NATH: Rewrite about the aim, hypothesis of the study 
Methods and findings and suggesstion
Ornamental fish production has been increasing in recent years. The zebrafish (Danio rerio) is widely used in scientific research as a model organism in various fields. Hypoxia, a reduction in dissolved oxygen levels in water, is a critical condition that directly impacts the maintenance and survival of several aquatic organisms, including fish. Here, we report a case of hypovolemic shock in a zebrafish, resulting from hypoxia caused by a sudden drop in dissolved oxygen levels. Eight Danio rerio specimens from a bioterium were studied. A high mortality rate was reported after a drop in dissolved oxygen levels caused by a power outage. Microscopically, the myocardium appeared slightly hypertrophic, and the pericardium presented dense hemorrhages. The kidney tubular cells showed marked edema, with whitish, foamy cytoplasm. Some tubular cells showed pronounced eosinophilia, and some tubules showed necrotic cells detaching from the tubular basement membrane. The brain parenchyma showed pericellular edema, increased Virchow-Robin spaces, and mild glial proliferation. Therefore, we conclude that the underlying cause of death was a decrease in environmental oxygen levels, which, combined with preexisting branchial lesions, generated hypoxia that produced cardiac failure due to diffuse hemorrhages.	Comment by KOUBERI NATH: Write which organ tubular cell
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INTRODUCTION 
The production of ornamental fish has increased in recent years, particularly those intended for scientific research. Among these species, the most important is the zebrafish (Danio rerio).
The zebrafish (Danio rerio) is a tropical freshwater teleost species belonging to the order Cypriniformes and the subfamily Danioninae. It is native to freshwater habitats in South Asia, where it occurs in India, Pakistan, Bangladesh, Nepal, and Bhutan (Whiteley et al., 2011; Engeszer et al., 2007). It typically inhabits clear, shallow waters such as streams, ponds, canals, ditches, and rice fields (Spence et al., 2006). The water pH ranges from neutral to basic, and the optimal temperature lies between 16.5 and 34 °C (MacClure et al., 2006). The zebrafish is widely used in scientific research as a model organism in various fields of science(Orger & Polavieja, 2017).  	Comment by KOUBERI NATH: Check in reference part, missing
Most teleost fish breathe through their gills. The functions of this organ are multiple and of great importance to fish, including osmoregulation, excretion of nitrogenous compounds, and ion regulation. For branchial respiration to be efficient, the gills require a highly specialized structure characterized by a thin epithelium and a large surface area that allows gas exchange between the blood and the surrounding environment, ensuring the transport of oxygen and nutrients to different tissues. Conversely, both external and internal factors can impair the efficiency of the gill apparatus, such as elevated levels of nitrogenous compounds, parasitic diseases, branchial hyperplasia, and gill necrosis, among others (Laurent & Perry, 1991; Evans, 2007; Kwong, 2014; Kim et al., 2019; Ahmad et al., 2021).	Comment by KOUBERI NATH: Keep two most related reference
Check Kwong 2014 missing in reference part
 
Hypoxia, defined as a reduction in dissolved oxygen levels in water, is a critical condition that directly affects the maintenance and survival of various aquatic organisms, including fish (Wang et al., 2023). When dissolved oxygen (DO) concentrations fall below 1.5 mg/L, the respiratory capacity of fish may be compromised (Wannamaker & Rice, 2000; Tawwab et al., 2019). Several factors can cause this condition, such as water pollution, nutrient overload leading to algal blooms, overpopulation, and inadequate water recirculation in aquariums and tanks, among others (Pollock et al., 2007). As oxygen levels decrease, fish tend to exhibit metabolic and physiological alterations, including difficulty performing gas exchange through the gills, lethargy, behavioral changes, and, in more severe cases, death (Baton & Taylor, 1996; Wang et al., 2023). Thus, hypoxia is a condition in which an organism’s body does not receive sufficient oxygen, regardless of the underlying cause (Convertino et al., 2019).	Comment by KOUBERI NATH: Missing in reference part, can keep one reference	Comment by KOUBERI NATH: Check in reference part	Comment by KOUBERI NATH: Check te writing style in reference part
Hypovolemic shock, in turn, is characterized by a significant loss of intravascular volume, whether due to hemorrhagic mechanisms (external or internal bleeding) or non-hemorrhagic mechanisms (vomiting, diarrhea, extensive burns, among others) (Taghavi et al., 2023). This loss of volume leads to a reduction in venous return and, consequently, a decrease in cardiac output, resulting in tissue hypoperfusion and impaired delivery of oxygen and nutrients to vital organs. If not diagnosed and treated promptly, it can progress to progressive cellular dysfunction and multiple organ failure (Alencar et al., 2025).
Here, we report a case of hypovolemic shock in zebrafish (Danio rerio) resulting from hypoxia caused by a sudden drop in dissolved oxygen (DO) levels. Macroscopically, the fish exhibited gill pallor, skin lesions, and hemorrhages.

MATERIAL AND METHODS
Eight specimens of Danio rerio from a laboratory facility were studied. According to the background information, a high mortality rate was observed following a decrease in dissolved oxygen (DO) levels caused by a power outage. The animals were euthanized by immersion in benzocaine, and necropsies were performed to collect samples for histopathological analysis.  
The collected tissues were fixed in 10% buffered formalin. All samples were processed in a LEICA TP1020 automatic tissue processor and embedded in paraplast. Tissue blocks were sectioned at a thickness of 3 µm using a LEICA RM2245 microtome. Histological sections were stained with Hematoxylin and Eosin (H&E) and PAS. Microphotographs were obtained using an Olympus B201 microscope equipped with a PM20 system.	Comment by KOUBERI NATH: What are the tissue cillected, write in detail

RESULTS AND DISCUSSION
At necropsy, cutaneous hemorrhagic lesions were observed during macroscopic examination. The microscopic examination revealed the following histological alterations: In the heart, the myocardium showed mild hypertrophy, the endocardium exhibited no lesions, and the pericardium presented dense hemorrhages occupying the entire pericardial cavity. In the abdominal cavity, the abdominal organs exhibited preserved architecture, with isolated foci of intrahepatic hemorrhages and massive hemorrhages throughout the cavity.
The renal parenchyma displayed preserved architecture. In the interstitium, lymphohematopoietic elements were observed. The renal glomeruli showed no significant alterations, whereas the tubular cells exhibited marked edema with whitish, foamy cytoplasm (hydropic degeneration). In other areas, tubular cells showed pronounced eosinophilia (cloudy swelling). Finally, in some tubules, necrotic cells were observed detaching from the tubular basement membrane and lying free within the tubular lumen (Fig. 1A e 1B).
[image: Imagem em preto e branco

O conteúdo gerado por IA pode estar incorreto.]Figur	e 1: A: Tubules with thickened basement membranes (long arrow) and necrotic tubular cells detached from the tubular basement membrane (short arrow), occupying the tubular lumen (TL). 40× magnification. B: Higher magnification of Figure A showing basement membranes (short arrow) and necrosis of tubular cells with detachment from the basement membrane and accumulation within the tubular lumen. H-E 100 X.LT


The encephalic parenchyma exhibited preserved architecture. Pericellular edema, enlargement of the Virchow–Robin spaces, and mild glial proliferation were observed (Fig. 2A e 2B).
[image: ]
Figure 2: A: Cerebral parenchyma showing marked pericellular edema (arrows). H&E, 40× magnification. B: Cerebral parenchyma with pronounced pericellular edema (arrow) and enlarged Virchow–Robin space (VR). H-E 40 X.


The zebrafish is a species widely used as an experimental model for mammals, including humans, since fish have been increasingly recommended for experimental designs involving human diseases (Orger & Polavieja, 2017).
In aquaculture-related research, this species serves as an important model for understanding the effects of farming conditions on animal physiology (Kent et al., 2002; Spitsbergen et al., 2003; Spence et al., 2007). Hypoxia, a common condition affecting the production of ornamental fish, particularly impacts zebrafish, as this species is highly susceptible to decreased oxygen levels. Hypoxia affects the entire organism and can produce noticeable effects in virtually all fish organs.
Although hypoxia also causes gill lesions (Perry & MacDonald, 1993; Randall & Daxboeck, 1994; Araújo-Luna et al., 2018; Abdel-Tawwab et al., 2019), in the case described here, the gill lesions appear to have been pre-existing. Therefore, pre-existing gill damage, combined with a decrease in dissolved oxygen, led to a reduced capacity for blood oxygenation and subsequent systemic effects on other organs.	Comment by KOUBERI NATH: Missed in reference part please check
Li et al. (2021) described physiological responses in cardiac tissue under hypoxic conditions, including effects on structure, enzymatic activity, and gene expression in the heart of silver carp (Hypophthalmichthys molitrix). Similarly, the histological analysis of cardiac lesions in the present study revealed disorganized, edematous, and ruptured myocardial fibers resulting from hypoxia.
Along with acute cardiac injury, renal lesions were also observed. These lesions are typical of hypovolemia, as indicated by the diffuse tubular necrosis found in the histopathological examination (Pacheco et al., 2022; Turgut et al., 2023).
Another tissue affected by hypovolemia was the brain, where glial proliferation, signs of neuronal damage, and enlargement of the Virchow–Robin spaces were observed. Such alterations are systematically seen in cases of hypovolemia, since nervous tissue is highly susceptible to reduced oxygen levels (Sekhon et al., 2017; Ineichen et al., 2022; Lacerte et al., 2023).

CONCLUSION
Based on the findings discussed above, we conclude that the fundamental cause of mortality in zebrafish was a decrease in environmental oxygen which, combined with pre-existing gill lesions, led to hypoxia and consequently to acute cardiac injury associated with diffuse hemorrhages. 
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