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ABSTRACT 
Background: Arsenic is a well-recognized environmental toxin with cumulative effects on multiple organs, particularly the 
liver and kidneys. Experimental models provide valuable insights into the dose- and time-dependent progression of arsenic-
induced toxicity.  
Objective: To evaluate the gross and microscopic changes in the liver and kidneys of rats following chronic exposure to 
arsenic at two different dose levels over 4, 8, and 12 weeks.  
Methods: Adult rats were divided into three groups: controls (Group A), low-dose arsenic exposure (50 ppm; Group B), 
and high-dose arsenic exposure (100 ppm; Group C). Animals were sacrificed at 4, 8, and 12 weeks, and liver and kidney 
tissues were examined grossly and microscopically. 
Results: In the Arsenic treated rats, the liver developed focal inflammatory infiltrates and venous congestion at 4–8 weeks, 
progressing to central and portal venous dilatation with congestion by 12 weeks. As the study advanced, there was central 
vein degeneration, neutrophilic infiltration, and ballooning degeneration of hepatocytes, accompanied by nodularity and 
discoloration. In the kidney, there was widening of Bowman’s space and glomerular hypercellularity with tubular 
vacuolization by 12 weeks. Later on, there were more severe changes, including interstitial hemorrhage and vascular 
congestion at 4 weeks, glomerular shrinkage and marked Bowman’s space expansion at 8 weeks, and extensive interstitial 
hemorrhage, tubular necrosis, and fibrosis with enlargement and hemorrhagic patches. 
Conclusion: Chronic arsenic exposure produces progressive, dose- and time-dependent hepatic and renal injury. Early 
microscopic changes like vascular congestion, glomerular alterations, and inflammatory infiltrates precede organ 
alterations such as enlargement, nodularity, and hemorrhage. 
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INTRODUCTION 
Arsenic is a naturally occurring metalloid with well-
recognized toxic and carcinogenic potential. Widespread 
contamination of groundwater in regions of South and 
Southeast Asia, as well as parts of South America, has made 
arsenic exposure a major global public health problem.1,2 
Chronic arsenic ingestion, primarily in the form of 
inorganic salts such as sodium arsenate, has been linked to 
a broad spectrum of clinical outcomes ranging from 
dermatologic changes and neuropathy to cardiovascular 
disease and malignancy.3 Importantly, arsenic has a 
pronounced tropism for visceral organs, particularly the 
liver and kidneys, which serve as central sites of xenobiotic 
metabolism, detoxification, and excretion. 
The liver is the primary organ responsible for arsenic 
biotransformation. In hepatocytes, arsenic undergoes 
reduction and oxidative methylation, processes that 
generate reactive oxygen species (ROS) and disrupt 

antioxidant defense systems.4,5 These mechanisms can 
initiate a cascade of cellular injury including oxidative 
stress, mitochondrial dysfunction, impaired energy 
metabolism, and cell death.5 Histopathological hallmarks 
reported in animal and human studies include 
hepatocellular necrosis, sinusoidal dilatation, portal tract 
inflammation, and in severe or prolonged exposure, fibrosis 
and cirrhosis.6,7 Beyond the liver, the kidneys represent a 
second critical target. Renal proximal tubular cells are 
directly exposed to filtered arsenic metabolites and are 
highly susceptible to oxidative and inflammatory damage. 
Histological features of arsenic nephrotoxicity include 
glomerular hypercellularity, tubular vacuolization, necrosis, 
interstitial inflammation, and, with chronicity, fibrosis.8-10 
Although arsenic toxicity is well established, important 
knowledge gaps remain regarding the dose time 
relationship of hepatic and renal injury under controlled 
experimental conditions. Many prior investigations have 
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used acute high-dose exposure models that may not reflect 
the subtler, progressive injury seen with environmentally 
relevant chronic exposure.11,12 Moreover, detailed 
comparative histopathological studies that examine both 
liver and kidney across multiple durations and dose levels 
remain limited. Such systematic evaluation is critical not 
only for clarifying organ-specific vulnerability but also for 
providing translational insights into the pathology of human 
arsenicosis, where clinical findings often evolve insidiously 
over years. 
Animal models, particularly Wistar rats, offer a robust 
platform to address these gaps. Their well-characterized 
physiology, reproducible histological responses, and 
sensitivity to oxidative and toxic insults make them suitable 
for dissecting the pathogenesis of arsenic injury. By 
examining organ morphology at defined timepoints, 
experimental studies can delineate the trajectory of lesion 
development, identify early markers of toxicity, and 
evaluate dose-dependency. In this context, the present study 
was designed to investigate the hepatic and renal 
histopathological alterations induced by chronic sodium 
arsenate exposure in male Wistar rats. Animals were 
administered arsenic at two dose levels (50 ppm and 100 
ppm) over 4, 8, and 12 weeks, and their livers and kidneys 
were examined for changes. This approach provides an 
opportunity to map the progression of lesions in a structured 
time-dependent manner and to compare the severity of 
effects across doses. By doing so, the study aims to 
contribute to a more nuanced understanding of arsenic 
hepatotoxicity and nephrotoxicity, with emphasis on the 
morphologic correlates of cumulative exposure. 
Material and methods 
The present experimental study was carried out in the 
Postgraduate Department of Anatomy in collaboration with 
the Department of Pathology, Government Medical 
College, Srinagar, over a period of 18 months, including 
one year for data collection and six months for compilation 
and analysis. Ethical clearance for the use of experimental 
animals was obtained from the Institutional Animal Ethics 
Committee (IAEC/Pharma/MC/19), and all procedures 
were conducted in accordance with the guidelines of the 
Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA). 
A total of eighteen healthy adult male Wistar albino rats, 
weighing between 180 and 250 g, were procured from the 
Central Animal House of Government Medical College, 
Srinagar. Minimum number of animals were used as per the 
recommendations of the Institutional Animal Ethics 
Committee. Only apparently healthy animals were 
included, while those that were underweight, lethargic, 
feeding poorly, showing weight loss, diarrhoea, generalized 
hair loss, or other signs of ill-health were excluded. Prior to 
the experiment, all animals were acclimatized for one week 
under standard laboratory conditions, housed in 
polypropylene cages (44 × 28.6 × 30 cm³) with dust-free 
husk bedding in a well-ventilated room maintained at a 
temperature of 18–29°C, relative humidity of 30–70%, and 
a 12-hour light/dark cycle. Standard rodent chow and tap 
water were provided ad libitum, and the principles of 

reduction, refinement, and replacement were carefully 
observed. 
The animals were randomized into three groups of six rats 
each. Group A served as untreated controls and received 
only standard diet and tap water. Group B received sodium 
arsenate at a concentration of 50 ppm (50 mg/L) in drinking 
water in addition to the standard diet, while Group C 
received sodium arsenate at 100 ppm (100 mg/L). Sodium 
arsenate heptahydrate was obtained from Oxford Lab Fine 
Chem LLP Vasai, Dist. Palghar. Sodium arsenate solutions 
were freshly prepared before administration by dissolving 
the required amount of sodium arsenate in one Liter of tap 
water to ensure stability and consistent dosing. All animals 
were observed daily for physical activity, feeding patterns, 
and any abnormal clinical signs. 
At predetermined intervals of 4, 8, and 12 weeks, animals 
were anesthetized with chloroform inhalation and sacrificed 
as per CPCSEA guidelines. A systematic external 
examination was performed to note body condition, skin 
status, and the presence of external lesions or discharges. 
The animals were laid supine on a dissection tray, 
disinfected with 70% ethanol, and subjected to a midline 
abdominal incision to expose the thoracoabdominal viscera. 
Gross examination of the liver and kidneys was performed 
in situ to record organ size, colour, and surface morphology. 
Both organs were then carefully dissected, rinsed in normal 
saline, and fixed in 10% neutral buffered formalin for 
further processing. 
Histological examination was performed following 
standard manual techniques. Tissues were cut into 5 mm 
slices, fixed for 7–10 days in 10% formalin, and processed 
through graded alcohols for dehydration, xylene for 
clearing, and paraffin wax for embedding at 58–60°C. 
Paraffin blocks were sectioned at 6–8 μm thickness using a 
rotary microtome, and sections were mounted on albumin-
coated glass slides. Slides were stained with Hematoxylin 
and eosin using Harris’s method for nuclear and 
cytoplasmic detail, dehydrated through ascending grades of 
alcohol, cleared in xylene, and mounted with DPX. Stained 
sections were examined under a light microscope, and 
photomicrographs were taken for documentation. Changes 
were recorded systematically for each group at each 
timepoint, with specific attention to hepatocellular 
degeneration, vascular congestion, necrosis, inflammatory 
infiltrates, and glomerular or tubular alterations in the 
kidney. Histopathological evaluation was performed by a 
pathologist blinded to group allocation. A single pathologist 
examined the slides for interpretation of the microscopic 
changes. 
Results 
Gross Findings of liver and kidney 
In control animals (Group A), the liver appeared normal at 
all timepoints, maintaining a smooth surface with preserved 
size, shape, and colour. Group B animals showed no visible 
alterations at 4 and 8 weeks, but by 12 weeks, the liver 
appeared slightly enlarged. In Group C, gross hepatic 
changes were more pronounced at 12 weeks, with surface 
nodularity and discoloration becoming evident, reflecting 
the severity of arsenic-induced injury. The kidneys of 
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control rats (Group A) remained normal in gross appearance 
throughout the study. Group B kidneys were grossly 
unremarkable at 4 and 8 weeks but demonstrated 
enlargement with haemorrhagic spots by the 12th week. In 
Group C, kidneys initially appeared normal at 4 and 8 
weeks, but by 12 weeks, they showed severe enlargement, 
irregular surfaces, and prominent haemorrhagic patches, 
suggesting more advanced damage compared to Group B. 

Microscopic Findings of liver 
In Group A, microscopic examination consistently revealed 
normal hepatic architecture across all timepoints. Well-
organized hexagonal lobules were observed with central 
veins at the core, radiating hepatic cords, and intact portal 
triads composed of the portal vein, hepatic arteriole, and 
bile duct, all surrounded by connective tissue. 

Table 1.  Showing Liver Findings Across Groups and Timepoints (Figure 1- A, B, C, and D) 
Timepoint Group A  

(Control) 
Group B  
(50 ppm) 

Group C  
(100 ppm) 

4 weeks Gross: Normal size, shape, and 
color. Histology: Preserved 
lobular architecture with central 
vein, hepatic cords, and intact 
portal triads. 

Gross: Normal. Histology: 
Focal inflammatory cell 
aggregates. 

Gross: Normal. Histology: Central vein 
degeneration and congestion. 

8 weeks Gross: Normal. Histology: 
Normal lobular architecture. 

Gross: Normal. Histology: 
Neutrophilic infiltration 
and central venous 
congestion. 

Gross: Normal. Histology: Neutrophilic 
infiltration with central venous 
dilatation and degeneration. 

12 weeks Gross: Normal. Histology: 
Preserved architecture. 

Gross: Slightly enlarged 
liver. Histology: Central 
and portal venous 
dilatation with congestion. 

Gross: Surface nodularity and 
discoloration. Histology: Portal venous 
dilatation with congestion, chronic 
inflammatory infiltrates, ballooning 
degeneration of hepatocytes. 

At 4 weeks, Group B livers showed focal inflammatory cell 
aggregates, while Group C demonstrated focal degeneration 
and congestion in the central veins. By 8 weeks, Group B 
exhibited neutrophilic infiltration with central venous 
congestion, whereas Group C showed more severe lesions, 
including neutrophilic infiltration, central venous dilatation, 
and degeneration. At 12 weeks, Group B displayed central 
and portal venous dilatation accompanied by congestion, 
while Group C demonstrated advanced pathological 
changes, including portal venous dilatation with 

congestion, chronic inflammatory cell infiltrates, and 
ballooning degeneration of hepatocytes. These findings 
indicate a clear time- and dose-dependent progression of 
hepatic injury, with Group C consistently showing more 
pronounced alterations than Group B. 
Microscopic Findings of kidney 
Microscopic evaluation of control kidneys (Group A) 
confirmed normal renal architecture at all timepoints, 
characterized by well-preserved glomeruli, intact 
Bowman’s capsules, and organized renal tubules. 

 
Table 2: Kidney Findings Across Groups and Timepoints (Figure 2- A, B, C, and D) 

Timepoint Group A (Control) Group B 
(50 ppm) 

Group C 
(100 ppm) 

4 weeks Gross: Normal size, 
color, texture. 
Histology: Preserved 
renal architecture. 

Gross: Normal. Histology: Normal. Gross: Normal. Histology: Interstitial 
hemorrhage and vascular congestion. 

8 weeks Gross: Normal. 
Histology: Normal 
renal architecture. 

Gross: Normal. Histology: Widened 
Bowman’s space. 

Gross: Normal. Histology: Glomerular 
tuft shrinkage and marked increase in 
Bowman’s space. 

12 weeks Gross: Normal. 
Histology: Preserved 
renal architecture. 

Gross: Enlarged with hemorrhagic 
spots. Histology: Increased 
Bowman’s space, glomerular 
hypercellularity, tubular epithelial 
vacuolization. 

Gross: Severely enlarged with 
irregular surface and prominent 
hemorrhages. Histology: Extensive 
interstitial hemorrhage, tubular 
necrosis, interstitial fibrosis. 

At 4 weeks, no histological changes were noted in Group B 
kidneys, while Group C exhibited early vascular alterations, 
including interstitial hemorrhage and vascular congestion. 
By 8 weeks, Group B showed widening of Bowman’s 
space, whereas Group C demonstrated glomerular tuft 
shrinkage accompanied by a marked increase in Bowman’s 

space. At 12 weeks, Group B kidneys exhibited 
enlargement with hemorrhagic spots, hypercellularity of 
glomeruli, and vacuolization of tubular epithelium in 
addition to widening of Bowman’s space. In Group C, the 
renal pathology was more severe, characterized by gross 
enlargement and irregular surface features on gross 
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examination, and microscopically by extensive interstitial 
hemorrhage, tubular necrosis, and interstitial fibrosis. 
 

 
 
Figure 1 
Microphotograph of the liver from Group A at the end of 4 Weeks showing normal hepatic cords and central vein in liver 
histology. (Stain: H&E Magnification: 40x). 
Microphotograph of the liver from Group B at the end of 12 Weeks showing central venous and portal vein dilation and 
congestion. (Stain: H&E Magnification: 40x) 
Microphotograph of the liver from Group C at the end of 4 Weeks showing foci of central vein degeneration and congestion. 
(Stain: H&E Magnification: 40x) 
Microphotograph of the liver from Group C at the end of 12 Weeks showing Liver portal 
venous dilation and congestion with chronic inflammatory cell infiltrates and ballooning degeneration of hepatocytes. 
(Stain: H&E Magnification: 100x) 
 

 
Figure 2 
Microphotograph of the Kidney from Group A at the end of 4 Weeks showing normal glomerulus and tubular histology. 
(Stain: H&E Magnification: 40x) 
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Microphotograph of the Kidney from Group B at the end of 12 Weeks showing increase in bowman’s space. Hyper-
cellularity of glomeruli, vacuolization of tubular epithelium. (Stain: H&E Magnification: 40x) 
Microphotograph of the Kidney from Group C at the end of 4 Weeks Showing Interstitial haemorrhage and vascular 
congestion. (Stain: H&E Magnification: 100x) 
Microphotograph of the Kidney from Group C at the end of 12 Weeks showing extensive interstitial haemorrhage (Stain: 
H&E Magnification: 40x) 
 
 
Discussion 
In the present study, the gross morphology of the liver and 
kidney revealed a clear dose- and time-dependent trajectory 
of arsenic toxicity. Control animals consistently maintained 
normal organ appearance, confirming the absence of 
spontaneous pathology and establishing a reliable baseline. 
In exposed groups, no visible changes were noted at 4 or 8 
weeks, which is in line with reports that early arsenic-
induced injury is largely microscopic and biochemical in 
nature, preceding overt macroscopic manifestations. By 12 
weeks, Group B animals showed only mild hepatic 
enlargement, whereas Group C animals exhibited more 
conspicuous gross abnormalities, including surface 
nodularity and discoloration. Such features are consistent 
with previous studies demonstrating that subchronic arsenic 
exposure induces hepatomegaly, congestion, and fibrotic 
remodeling, which eventually manifest as irregular surfaces 
and color changes of the liver.13,14 Experimental models 
have linked these macroscopic changes to progressive 
oxidative stress, periportal inflammation, and collagen 
deposition in the liver parenchyma, which initially develop 
microscopically before becoming grossly evident at higher 
doses and longer exposures. For instance, Santra et al. 
(2000) observed in chronically arsenic-dosed mice that 
significant oxidative stress preceded fibrotic changes; early 
reductions in hepatic glutathione and antioxidant enzyme 
activity occurred before any gross hepatic abnormalities 
became apparent, with hepatic fibrosis manifesting only 
after months of exposure.15 Ramadan et al. (2024) further 
confirmed that arsenic exposure led to increased collagen 
deposition in both central and portal regions of rat livers, 
mediated by oxidative stress pathways and inflammatory 
signaling.13 These findings are in strong agreement with our 
data, which show early microscopic liver injury followed 
by gross morphologic change in a dose- and time-dependent 
manner. A parallel trend was observed in the kidney. 
Controls remained grossly normal throughout the study, 
while Group B kidneys were unaffected at 4 and 8 weeks 
but became enlarged with haemorrhagic spots by 12 weeks. 
In contrast, Group C showed severe renal enlargement, 
irregular surfaces, and prominent cortical haemorrhages at 
the same timepoint, reflecting more advanced vascular and 
tubular injury. These findings agree with established 
literature identifying the kidney as a critical target of arsenic 
toxicity, where interstitial haemorrhage, vascular 
congestion, and tubular necrosis are common features.16 
Studies in arsenic-exposed rodents have similarly reported 
renal enlargement and mottled haemorrhagic appearances 
after subchronic dosing, confirming the consistency of our 
observations with experimental models.17,18The time lag 
between early histological lesions and later gross organ 

changes in our study is particularly noteworthy. Toxicologic 
pathology guidelines and prior experimental studies 
emphasize that gross morphology often underrepresents the 
true extent of injury, with macroscopic alterations 
becoming apparent only after cumulative structural damage 
surpasses a threshold. Our results mirror this principle, as 
microscopic injury was detectable as early as 4 weeks, 
whereas gross changes emerged only by 12 weeks in the 
exposed groups, especially at the higher dose. 
The present study demonstrated a clear, time- and dose-
dependent progression of microscopic hepatic alterations 
following arsenic exposure, with Group A (controls) 
consistently maintaining normal histoarchitecture at all 
timepoints. Well-organized hexagonal lobules, intact 
central veins, and clearly defined portal triads were 
observed in controls, confirming the absence of 
spontaneous lesions and validating the observed changes in 
arsenic-exposed groups as exposure-related effects. By 4 
weeks, Group B livers revealed focal aggregates of 
inflammatory cells, while Group C showed focal 
degeneration and congestion in the central veins. These 
early microscopic lesions are consistent with prior 
experimental models of arsenic hepatotoxicity, where low-
dose or short-term exposure produces venous congestion 
and mild inflammatory infiltration as the first signs of liver 
injury (Shangloo et ., 2021).19 Such lesions are often 
attributed to oxidative stress-induced endothelial 
dysfunction and low-grade inflammatory activation, which 
precede more advanced parenchymal injury as also reported 
by Ibrahim et al.20 At 8 weeks, arsenic-related damage 
became more pronounced. Group B displayed neutrophilic 
infiltration and central venous congestion, whereas Group 
C developed more severe lesions, including central venous 
dilatation, neutrophilic infiltration, and hepatocellular 
degeneration. These findings are consistent with 
experimental studies conducted by Ghatak et. al and Wen 
et. al. who described progressive vascular congestion and 
inflammatory cell recruitment as intermediate steps in 
arsenic hepatotoxicity, which later evolve into necrotic 
inflammatory changes and hepatocyte injury.22,23 The 
presence of hepatocellular degeneration in Group C 
underscores the higher vulnerability of hepatic parenchyma 
at greater exposure levels. 
By 12 weeks, the distinction between dose groups became 
even clearer. Group B livers showed central and portal 
venous dilatation with congestion, while Group C 
developed advanced lesions, including portal venous 
dilatation, chronic inflammatory infiltrates, and ballooning 
degeneration of hepatocytes. These observations are 
strongly supported by prior experimental work. Ramadan 
et al. reported that arsenic-treated rats developed marked 
central venous dilatation and portal-tract congestion, 
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paralleling the vascular changes we observed in Group B at 
12 weeks.13 Similarly, Shangloo et al. demonstrated that 
chronic arsenic exposure in mice led to periportal 
inflammation and vascular congestion, which preceded 
hepatocellular degeneration and fibrosis, aligning closely 
with the stepwise lesions in our study.19Group C’s more 
advanced microscopic pattern with portal venous dilatation 
with congestion, chronic inflammatory infiltrates, and 
ballooning degeneration of hepatocytes is likewise 
consistent with the literature describing arsenic’s time and 
dose-dependent transition from inflammatory vascular 
lesions to frank degenerative remodelling. Ghatak et al. 
demonstrated that oxidative stress triggered by arsenic 
exposure activates hepatic stellate cells, which in turn drive 
hepatocellular ballooning and subsequent fibrotic 
remodelling in mice.22 This suggests that ballooning is a 
pivotal histological marker, signifying the transition from 
an inflammatory stage to a fibrogenic response. Likewise, 
Li et al. observed hepatocyte ballooning and hydropic 
degeneration in arsenic-exposed rodents, describing these 
lesions as precursors to fibrosis and cirrhosis.24 The 
concurrence of our findings with these established models 
underscores that ballooning degeneration reflects not only 
direct oxidative injury to hepatocytes but also the initiation 
of irreversible structural remodelling of the liver. 
The microscopic evaluation of kidneys in control animals 
(Group A) consistently demonstrated well-preserved 
glomeruli, intact Bowman’s capsules, and organized renal 
tubules at all timepoints, reflecting normal renal 
architecture and confirming the absence of spontaneous 
lesions. These findings provided a reliable baseline against 
which arsenic-induced changes in the exposed groups could 
be compared. By four weeks, no histological alterations 
were evident in Group B, whereas Group C already 
displayed early vascular lesions, including interstitial 
haemorrhage and vascular congestion. Similar early 
vascular disturbances have been described in rodent arsenic 
models, where peritubular congestion and interstitial 
haemorrhagic foci appear as initial signs of renal injury 
(Ferzand et al., 2008).26 These changes suggest that 
vascular dysfunction is one of the earliest renal responses to 
arsenic toxicity. At eight weeks, lesions became more 
distinct. Group B developed widening of Bowman’s space, 
while Group C exhibited glomerular tuft shrinkage 
accompanied by a marked expansion of Bowman’s space. 
This pattern is consistent with the observations of Roy and 
Bhattacharya, who reported glomerular shrinkage and 
Bowman’s space dilation in arsenic-exposed fish kidneys, 
indicating that glomerular collapse and filtration barrier 
compromise are common outcomes of chronic arsenic 
exposure.27 

By twelve weeks, the pathological changes were more 
advanced and dose-dependent. Group B kidneys showed 
enlargement with hemorrhagic spots, hypercellularity of 
glomeruli, and vacuolization of tubular epithelium in 
addition to Bowman’s space widening. In Group C, renal 
injury was more severe, with gross enlargement and 
irregular surfaces accompanied microscopically by 
extensive interstitial hemorrhage, tubular necrosis, and 

fibrosis. Such advanced lesions closely mirror those 
reported by Ferzand et al in chronic arsenic exposure 
studies in rodents, where tubular degeneration, necrosis, 
and interstitial scarring are hallmark findings after sustained 
exposure.26 These advanced lesions mirror the chronic 
nephrotoxicity described in multiple experimental studies. 
Gupte et al. reported that rats exposed to low-dose arsenic 
exhibited glomerular shrinkage, widened periglomerular 
space, and vascular congestion changes that were also 
evident in our Group B at 8–12 weeks. At higher arsenic 
doses, they observed extensive architectural disruption, loss 
of proximal tubular brush borders, vacuolation, cloudy 
swelling, and multiple haemorrhagic foci with mononuclear 
infiltration, which are consistent with the gross 
enlargement, interstitial haemorrhage, and tubular necrosis 
documented in our Group C at 12 weeks.28 Similarly, 
Shangloo et al. noted dose-dependent renal pathology 
including disrupted architecture, altered periglomerular 
space, eosinophilic casts, and mononuclear cell infiltration, 
while controls retained normal renal architecture.19 These 
lesions align closely with our observations of progressive 
glomerular changes in Group B and the advanced tubular 
and interstitial pathology in Group C. The consistency 
across studies reinforces the reliability of our results and 
highlights the predictable, dose-dependent trajectory of 
arsenic-induced renal injury. 
 
Conclusion 
The present study demonstrated a clear time- and dose-
dependent pattern of hepatic and renal injury following 
chronic arsenic exposure. Control animals consistently 
maintained normal gross and microscopic architecture, 
validating the specificity of arsenic-induced lesions in 
exposed groups. In the liver, early changes were limited to 
focal inflammatory cell aggregates and central venous 
congestion, which progressively evolved into venous 
dilatation, chronic inflammatory infiltrates, and ultimately 
ballooning degeneration of hepatocytes in higher-dose 
animals. Similarly, the kidneys displayed a sequential injury 
pattern, beginning with vascular congestion and interstitial 
haemorrhage, advancing to glomerular shrinkage and 
Bowman’s space widening, and culminating in tubular 
necrosis, interstitial haemorrhage, and fibrosis. Gross 
alterations were absent in early stages but became evident 
by twelve weeks, particularly in the high-dose group, with 
hepatic nodularity, discoloration, and renal enlargement 
with haemorrhagic patches. 
Limitations: This study has several limitations. First, the 
small sample size (n=2 per group per timepoint) limits 
statistical power and generalizability. Second, actual 
arsenic intake could not be precisely determined as water 
consumption was not monitored. Third, the study relied on 
qualitative histopathological assessment without 
quantitative morphometry. Fourth, biochemical markers of 
hepatic and renal function were not measured, which would 
have provided functional correlates to the structural 
changes observed. Future studies should address these 
limitations and incorporate serum biochemistry and 
oxidative stress markers 
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