Hepato-Renal Consequences and Oxidative Stress Response of Female Wistar Rats Exposed to Water Pipe Tobacco

ABSTRACT
Water pipe tobacco smoking, commonly known as shisha or hookah, has gained increasing popularity, particularly among females, despite growing evidence of its adverse health effects. This study investigated the hepato-renal consequences and oxidative stress response of female Wistar rats exposed to water pipe tobacco smoke. Twenty-five adult female Wistar rats (120–150 g) were randomly divided into five groups: a control group and four exposure groups subjected to shisha smoke for 10 or 20 minutes daily for either 2 or 4 weeks. Hepatic biomarkers (AST, ALT, ALP), renal function indices (urea, creatinine, electrolytes), and oxidative stress markers (GSH, SOD, catalase, and MDA) were analyzed using standard biochemical methods. Results showed significant increases (p < 0.05) in AST, ALT, and ALP levels in exposed groups compared to control, indicating hepatocellular injury and possible cholestatic damage. Renal function analysis revealed significant alterations in urea, creatinine, sodium, potassium, chloride, and bicarbonate levels, suggesting impaired renal and electrolyte homeostasis. Oxidative stress assessment demonstrated significant elevations in antioxidant enzymes (GSH, SOD, catalase) alongside increased malondialdehyde levels, indicating enhanced lipid peroxidation and oxidative damage. These findings demonstrate that exposure to water pipe tobacco smoke induces hepato-renal toxicity and oxidative stress in female Wistar rats, with effects dependent on exposure duration and intensity. The study highlights the potential health risks associated with shisha smoking and underscores the need for increased public health awareness and regulatory interventions.
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INTRODUCTION 
[bookmark: _teshurjy6drh]Water pipe tobacco commonly known as shisha or hookah tobacco, is a flavoured tobacco product smoked using a water pipe. It is typically a mixture of tobacco, molasses or honey, glycerin and various flavoring agents, producing a sweet-smelling smoke when heated with charcoal (Maziak, 2015). The study of water pipe tobacco, encompasses its unique composition and various flavorings, creating a moist blend distinct from traditional cigarettes (Maziak, 2015). People smoke water pipe tobacco as a way to relax and unwind while some people try it out of curiosity or as part of experimenting with different forms of tobacco consumption. In some cultures, smoking hookah is a longstanding tradition and a part of social and family rituals. Some believe it is less harmful than cigarette smoking, though this is a misconception. Different classes of people smoke shisha including young adults, adolescents and adults. Smoking of shisha is mostly practiced by female (Jamil et al., 2011). The increasing prevalence of shisha smoking among females necessitates scientific investigation into its health implications. The harmful health effects of shisha smoking are mainly due to the presence of carbon monoxide, polycyclic aromatic hydrocarbons, volatile aldehydes (formaldehyde, acetaldehyde, acrolein, propionaldehyde, and methacrolein), nitric oxide (NO), nicotine, phenolic compounds, tar, ammonia, heavy metal and particulate matter in the smoke generated. (Elsayed et al., 2016). The carbon monoxide in the smoke competes with oxygen in the blood to form carboxyhemoglobin, leading to cell hypoxia and impaired cell respiration. The nicotine in smoke has been shown to have acute and chronic cardiovascular effects and increased heart rate. (Shihadeh et al., 2014). The PAHs, VA, heavy metals, and tar are known to cause carcinogenesis by mutation of the p53 tumour suppressor gene. Carbon monoxide, tar, NO, and other particulate material cause lung pathologies by decreasing forced vital capacity and impairing other lung functions. Shisha smokers have shown increased oxidative stress leading to cardiovascular changes and carcinogenesis. (Shihadeh et al., 2014, Elsayed et al.,2016). 
Since water pipe tobacco is not only heated by charcoal but also contains additives, flavourings and sometimes contaminants from the tobacco itself, the burning of this tobacco during smoking might release heavy metals such as lead, cadmium, nickel and arsenic. These metals may come from the soil where the tobacco was cultivated, fertilizers and pesticides used in farming or from the combustion of the charcoal placed on top of the bowl and when inhaled, these metals enter the lungs and bloodstream, where they accumulate over time and might cause harmful effects including respiratory problems, kidney damage and increased risk of cancer (Nwauche et al., 2025).
[bookmark: _bqbrd1cxavca] The liver and kidneys play central roles in detoxification and excretion of xenobiotics, making them particularly vulnerable to tobacco-induced toxicity. Damage to these organs can be assessed using biochemical markers such as liver enzymes, renal function indices, and oxidative stress biomarkers. Despite increasing shisha use, experimental data on its hepato-renal and oxidative effects, especially in females, remain limited. Therefore, this study was designed to evaluate the hepato-renal consequences and oxidative stress response of female Wistar rats exposed to water pipe tobacco smoke, with the aim of providing experimental evidence on the potential health risks associated with shisha smoking.
[bookmark: _2d1y6v2ahbu]
MATERIALS AND METHODS		
Reagents and chemicals 
Reagents and chemicals used were of analytical grade.
Purchase of shisha pot 
A commercially available shisha pot apparatus & coal sample was purchased from a local retail shop in Port Harcourt, Rivers State. 
Purchase of animals
Twenty five (25) adult female wistar rats weighing between 120-150g were purchased from the animal house of Animal and Environmental Biology, Rivers State University. They were acclimatized for a period of seven (7) days prior to exposure with feed and water ad libitum. 
Preparation of water pipe tobacco and Administration. 
The base was filled with water and the stem was inserted into the base. The shisha tobacco flavor was sprinkled into the bowl and covered with an aluminum foil. A pin was used to create little holes on the foil, the coal was lit and placed on the foil. 
A hose was used to connect the Shisha pot and a pressure pump to an inhalation chamber were the animals were kept. The pressure pump extracted the smoke from the Shisha pot and it was released to the animals for the period of time described in the experimental design. 
Table 1: Experimental Design. 
	Groups
	Exposure period
	Durations

	1
	Control group (no shisha exposure)
	4 weeks

	2
	10 minutes per day
	2 weeks

	3
	20 minutes per day
	2 weeks

	4
	10 minutes per day
	4 weeks

	5
	20 minutes per day
	4 weeks


The animals were grouped into five groups. Group one animals which served as the control with no Shisha exposure. Group two animals were exposed to the Shisha smoke for ten (10) minutes per day for a period of two (2) weeks. Group three animals were exposed to the Shisha smoke for twenty (20) minutes per day for a period of two (2) weeks. Group four animals were exposed to the Shisha smoke for ten (10) minutes per day for a period of four (4) weeks. Group five animals were exposed to the Shisha smoke for twenty (20) minutes per day for a period of four (4) weeks.

Analysis of parameters 
Evaluation of hepatic-renal functionality assays 
AST, ALP, ALT concentrations were determined using spectrophotometric techniques using RANDOX Kits and following standard procedure outlined by the manufacturer (Randox Laboratories Limited). 
Urea, Creatinine, and Electrolytes concentrations were determined using spectrophotometric techniques using RANDOX Kits and following standard procedure outlined by the manufacturer (Randox Laboratories Limited).
Determination of Oxidative stress enzymes
The level of the reduced Glutathione (GSH) was measured using a GSH assay kit (Cayman, Ann Arbor, MI, USA). The catalase activity was estimated based on the peroxidatic function of catalase using the catalase assay kit (Cayman). Kit 19160 SOD (Sigma Aldrich, St. Louis, MO, USA) was used for the assay of SOD.
Statistical Analysis of data 
All Data for biochemical analysis were analyzed for statistical differences and in rat treatment groups, by means of one-way ANOVA and post hoc LSD, on SPSS 27. In all, p<0.05 was considered significant. Data are presented as mean±S.D (standard deviation).

RESULTS
Table 2: Liver enzymes of female wistar rats exposed for a period of 2 and 4 weeks. 
	GROUP 
	AST (U/L),
	ALT (U/L)
	ALP (U/L)

	1.
	
	
	

	2.
	
	
	

	3. 
	
	
	

	4.
	
	
	

	5.
	
	
	


Each value is a mean of three replicates expressed as mean  Standard Deviation. Values with superscript letter (a) indicates significant difference at p<0.05 when group 1(normal control rats) is compared with other groups. Values with superscript letter (b) indicates significant difference when group 2 is compared with other groups. Values with superscript letter (c) indicates significant difference when group 3 is compared with other groups. Values with superscript letter (d) indicates significant difference when group 4 is compared with other groups. Values with superscript letter (e) indicates significant difference when group 5 is compared with other groups. 
Key: AST= Aspartate transaminase, ALT= Alanine transaminase, ALP= Alkaline phosphate.













42

Table 3: Kidney Function Biomarkers of Female Wistar Rats Exposed for a period of 2 and 4 weeks. 
	GROUPS 
	UR(mmol/L)
	CR(mmol/L)
	K(mEq/L)
	Na(mEq)
	CL(mEq/L)
	HCO3(mmol/L)

	1
	7
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	


 Each value is a mean of three replicates expressed as mean  Standard Deviation. Values with superscript letter (a) indicates significant difference at p<0.05 when group 1(normal control rats) is compared with other groups. Values with superscript letter (b) indicates significant difference when group 2 is compared with other groups. Values with superscript letter (c) indicates significant difference when group 3 is compared with other groups. Values with superscript letter (d) indicates significant difference when group 4 is compared with other groups. Values with superscript letter (e) indicates significant difference when group 5 is compared with other groups. 
Key: UR= Urea, CR=Creatinine, K=Potassium, Na= Sodium, Cl=Chlorine, HCO3= Bicarbonate 







Table 4: Some Enzymatic and Non-enzymatic Stress Biomarkers of Female Wistar Rats exposed for a period of 2 and 4 weeks. 
	GROUPS
	GSH(ug/dl)
	CATALASE(u/ml)
	SOD(u/ml)
	MDA(umol/l)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Each value is a mean of three replicates expressed as mean  Standard Deviation. Values with superscript letter (a) indicates significant difference at p<0.05 when group 1(normal control rats) is compared with other groups. Values with superscript letter (b) indicates significant difference when group 2 is compared with other groups. Values with superscript letter (c) indicates significant difference when group 3 is compared with other groups. Values with superscript letter (d) indicates significant difference when group 4 is compared with other groups. Values with superscript letter (e) indicates significant difference when group 5 is compared with other groups. 
Key: GSH= Glutathione, SOD=Superoxide dismutase, MDA= Malondialdehyde
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[bookmark: _GoBack]Plate 1: Photomicrograph of the liver tissue (group 1) showing distinct hepatocytes in radiating core from central vein (congestion), sinusoids with mild deposit. Tissue shows normal microstructure. H & E, X400
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Plate 2: Photomicrograph of the liver tissue (group 2) showing congested central vein, hypertrophied hepatocytes in radiating cords and sinusoids containing red blood cells and lymphocytes (L) spread across the tissue. Tissue show mild distortion of the cytoarchitecture. H & E, X400

[image: ]
Plate 3: Photomicrograph of the liver tissue (group 3) showing central vein with mild deposit, sinusoids, pockets of hypertrophied hepatocytes. Tissue shows distortion of cytoarchitecture. H & E, X400


[image: ] 

Plate 4: Photomicrograph of liver tissue (group 4) showing hepatocytes with active nuclei (pockets of degenerating hepatocytes observed), blood deposit and lymphoid cells in dilated sinusoids. Tissue shows distortion of microstructure. H & E, X400
[image: ]
Plate 5: Photomicrograph of the liver tissue (group 5) showing congested central vein and sinusoids, pockets of degenerating hepatocytes.  Tissue shows presence of lymphoid cells surrounding degenerating hepatocytes. Tissue shows distortion of cytoarchitecture. H & E, X400
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Plate 6: Photomicrograph of kidney tissue (group 1) showing well delineated glomerulus, proximal convoluted tubule, distal convoluted tubule and renal vessels. Normal Kidney tissue cytoarchitecture is indicated. H & E, X400
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Plate 7: Photomicrograph of kidney tissue (group 2) showing glomeruli and well delineated proximal and distal convoluted tubules. Tissue shows normal cytoarchitectural appearance. H & E, X400
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Plate 8: Photomicrograph of kidney tissue (group 3) showing dilated glomerular capillaries, distorted epithelial lining of distal convoluted tubules and deposit in connective tissue. Tissue shows distortion of cytoarchitectural appearance. H & E, X400
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Plate 9: Photomicrograph of kidney tissue (group 4) showing dilated glomerular capillaries, congested proximal and distal convoluted tubules. Tissue shows distortion of cytoarchitectural appearance. H & E, X400
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Plate 10: Photomicrograph of kidney tissue (group 5) showing distorted glomerular capillaries, well delineated proximal and distal convoluted tubules. Tissue shows distortion of cytoarchitectural appearance. H & E, X400





4. DISCUSSION OF FINDINGS 
The liver is the largest solid organ, the largest gland and one of the most vital organs that functions as a center for metabolism of nutrients and excretion of waste metabolites (Ozougwu and Eyo, 2014). The liver is the primary organ for metabolizing xenobiotics, including the toxic components found in water pipe tobacco smoke (e.g., nicotine, carbon monoxide, heavy metals, and polyaromatic hydrocarbons). Damage to the liver cells (hepatocytes) or bile ducts results in the leakage of these intracellular enzymes into the bloodstream, increasing their serum levels. Hepatic biomarkers (AST, ALP and ALT) are indices used to assess the normal functioning as well as abnormalities of the liver. Table 1 shows the effect of water pipe tobacco exposure on liver enzymes of female wistar rats exposed for a period of 2 and 4 weeks. 
Aspartate transaminase catalyzes the reversible transfer of an α-amino group between aspartate and glutamate and, as such, is an important enzyme in amino acid metabolism. AST is found in the liver, heart, skeletal muscle, kidneys, brain, and red blood cells. They are often used in assessing the functional integrity of liver, plasma membrane and endoplasmic reticulum (Ujjawal et al., 2014). The result showed that the level of AST increased in all the exposed groups compared to the control group. The level of AST increased in all the exposed groups (Groups 2, 3, 4, and 5) compared to the control group (Group 1). AST, while present in the liver, is also found in other organs like the heart, skeletal muscle, and kidneys. An increase in serum AST generally indicates damage or necrosis (cell death) in tissues rich in this enzyme. The consistent increase across all exposed groups suggests that shisha smoke constituents are causing cellular damage, likely in the liver (hepatocellular injury), but potentially also in other organs. The recorded result indicates that both short-term exposure (2 weeks) and longer-term exposure (4 weeks), as well as both lower (10 minutes) and higher (20 minutes) daily exposure times, are sufficient to induce this cellular injury.  The elevated AST level is a significant marker for hepatotoxicity (chemical-driven liver damage) induced by the toxic components of water pipe tobacco smoke (Hassan et al., 2020). This finding is contrary to the findings of findings of Rashidi et al., (2020) who reported that tobacco smoke increased the concentration hepatic markers in experimental animals. Elevated level of hepatic markers indicates possible liver damage and this is commonly associated with conditions such as hepatitis, fatty liver disease or toxic exposures.
Alanine transaminase catalyzes the transfer of an amino group from L-alanine to α-ketoglutarate and the products of this reversible transamination reaction being pyruvate and L-glutamate. The result showed that the level of ALT increased in all the exposed groups when compared to control group except in the animals exposed to shisha for 20 minutes for two weeks where a decrease was observed. Alkaline phosphatase is an enzyme found in the blood stream. It is an ubiquitous membrane-bound glycoprotein that catalyzes the hydrolysis of phosphate monoesters at basic pH values (Ujjawal et al., 2014). It helps breaks down proteins in the body and exists in different form depending on where it originates. The result showed that the level of ALP increased in all the exposed groups compared to the control groups. The level of ALT increased in all exposed groups compared to the control group, except in the animals exposed to shisha for 20 minutes for two weeks (Group 3), where a decrease was observed. Its increase in most groups points directly to hepatocellular injury (damage to the liver cells) caused by the water pipe smoke and the mechanism might be similar to AST leakage, which is cell damage leading to the release of the enzyme into the serum.
The level of ALP increased in all the exposed groups (Groups 2, 3, 4, and 5) compared to the control group (Group 1). ALP is an enzyme found in several tissues, including the liver, bone, intestine, and placenta. An increase in serum ALP, especially when accompanied by transaminase (AST and ALT) increases, often suggests a cholestatic injury (impaired bile flow) or damage to the biliary system (bile ducts) in the liver. The simultaneous increase of ALP along with AST and ALT indicates possible hepatotoxicity resulting from the exposure to water pipe tobacco smoke (Yousef et al., 2021). Elevated ALP suggests that in addition to directly damaging liver cells, shisha smoke may also be disrupting the normal flow of bile out of the liver, which is a key part of the organ's detoxification process. The increase in the concentration of ALP in the groups exposed to shisha could be attributed to the fact that shisha contains harmful chemicals such a nicotine that can induce oxidative stress, thus leading to liver damage (Abdalla et al., 2021). Nicotine has been shown to alter the activity of enzymes such as alanine transaminase and aspartate transaminase (Hassan et al., 2020). The increased concentration of these markers is an indication that shisha smoke impairs liver function, leading to its damage. This finding is also contrary to the findings of findings of Rashidi et al., (2020) who reported that tobacco smoke increased the concentration hepatic markers in experimental animals. Elevated level of hepatic markers indicates possible liver damage and this is commonly associated with conditions such as hepatitis, fatty liver disease or toxic exposures.

The kidney functions to excrete metabolic waste products as well as to maintain water, pH, electrolyte balance, production of calcitriol and haemoglobin (Sreekumari and Vaidyanathan,2011). In mammals, the kidney functions as a major excretory organ for elimination of metabolic wastes from the body. Renalparameters such as urea and creatinine are used to detect abnormalities of the kidney (Zamzami et al., 2021). Renal parameters such as urea, creatinine and electrolytes are useful in assessing renal functions. Creatinine and urea are major catabolic products of protein metabolism and are indicators of renal function. Literatures show that elevation in the serum levels of these renal biomarkers may indicate renal dysfunction.
Creatinine is a nitrogenous end product of metabolism. It is the product of creatinine catabolism. Plasma creatinine concentration is the most widely used measure for estimation of glomerular filtration rate (Adrian, 2019). 
Creatinine is a breakdown product of creatinine phosphate from muscle, and its plasma concentration is commonly used as a marker of Glomerular Filtration Rate (GFR), as it is usually freely filtered by the glomerulus and minimally reabsorbed. The level of creatinine also decreased in all the groups exposed to shisha when compared to the control group. This can possibly be attributed to chronic toxicity or illness from shisha exposure which might lead to muscle wasting, thus producing less initial creatinine for filtration. Although low creatinine might suggest improved GFR, in the context of other observed biochemical disturbances, it is more likely an indicator of non-renal factors like muscle catabolism or haemodilution. A true improvement in GFR is unlikely with a known toxic agent like shisha smoke. The result obtained in this study is contrary to the findings of Rashidi et al., (2020) who reported that tobacco smoke increased the concentration of urea and creatinine in experimental animals.
Urea, commonly referred to as blood urea nitrogen (BUN) is a nitrogenous waste product. It is the primary metabolite derived from dietary protein and tissue protein turn over (Hussain and Malik, 2019). Table 2 shows the effect of water pipe tobacco exposure on kidney markers of female wistar rats exposed for a period of 2 and 4 weeks. The result showed that the level of urea decreased in all the groups exposed to shisha when compared to the control group. The possible reason could be attributed to the fact that, the Shisha smoke constituents (e.g., carbon monoxide, heavy metals) could potentially cause hepatic damage). Since the liver is responsible for the urea cycle (converting ammonia into urea), damage could lead to reduced urea synthesis, resulting in a lower serum concentration. It could also be attributed to increased fluid Intake/Diuresis as nicotine or other compounds present in the shisha might induce a diuretic effect or the rats may have increased water intake due to the exposure, leading to a dilution of blood constituents, including urea. 
Electrolytes play crucial role in maintaining various bodily functions including those related to the kidneys. They are essential for proper kidney function and are often used as biomarkers to assess renal health and function. Specific electrolytes such as sodium, potassium, chloride and bicarbonate are regularly measured to evaluate kidney function and alterations in their levels might indicate kidney-related issues (Onyeabo et al., 2021). 
The level of potassium decreased (hypokalaemia) in all shisha-exposed groups compared to the control.  Potassium is the main intracellular cation, and its balance is tightly regulated by the kidneys (distal tubules). The possible reason could be that the compounds found in the shisha such as nicotine and carbon monoxide can affect the renal tubules, possibly leading to increased secretion or impaired reabsorption of potassium ion. There could be a shift of potassium ion from the extracellular fluid (where it's measured) into the cells, perhaps due to β-adrenergic stimulation from nicotine.  Hypokalaemia (low potassium) is a serious electrolyte disturbance that can lead to cardiac arrhythmias and muscle weakness, suggesting a significant disruption of cellular and renal homeostatic mechanisms.
The level of sodium decreased (hyponatraemia) in all shisha-exposed groups compared to the control. Sodium is the main extracellular cation, critical for maintaining plasma osmolality and fluid balance. The most likely cause could be haemodilution as the most common cause of hyponatraemia is excess free water in the plasma, leading to a dilutional effect. This aligns with the potential increased fluid intake/diuresis hypothesis proposed for urea and creatinine. Hyponatraemia (low sodium) indicates an imbalance in total body water relative to sodium. This can lead to cerebral oedema and neurological symptoms if severe, highlighting a major disruption of the kidney's role in volume and electrolyte control (Saeed et al., 2020).
The level of chloride decreased (hypochloraemia) in all shisha-exposed groups compared to the control. Chloride is the most abundant extracellular anion, often balancing with sodium and important for acid-base balance. Since chloride is tightly linked with sodium balance, its decrease is likely a consequence of the same factors causing hyponatraemia, primarily haemodilution or renal salt wasting. Hypochloraemia usually accompanies hyponatraemia and metabolic alkalosis, supporting the hypothesis of a systemic fluid and acid-base disturbance caused by shisha exposure (Saeed et al., 2020).
The level of bicarbonate increased in all shisha-exposed groups compared to the control. Bicarbonate is the primary buffer in the body and a key indicator of acid-base status. An increase in bicarbonate is indicative of metabolic alkalosis. If shisha exposure caused hypoventilation (retaining carbon monoxide), the kidneys would compensate by reabsorbing more bicarbonate to counteract the respiratory acidosis. It could also be that the toxic stress could lead to increased aldosterone secretion, which promotes potassium and hydrogen ion excretion in the kidney, thus retaining bicarbonate. The observed increase in bicarbonate indicates metabolic alkalosis, which can affect enzyme function, electrolyte balance, and central nervous system activity. This is a vital finding that suggests a major shift in the body's acid-base homeostasis due to the exposure. This result in this study is in consonance with the findings of Rashidi et al., (2020) who reported that tobacco smoke increased the concentration electrolytes in experimental animals. 

Oxidative stress can be defined as a disturbance in the balance between the production of reactive oxygen species (free radicals) and antioxidant defenses (Betteridge, 2000). It can also be described as an imbalance of pro-oxidants and antioxidants which can be quantified in humans as the redox state of plasma (Dean, 2006).  An antioxidant is a substance that when present at low concentrations compared with those of an oxidizing substrate, significantly delays or prevents oxidation of a substrate (Norma, et al., 2019). An antioxidant is a molecule stable enough to donate an electron to a rampaging free radical and neutralize it, thus reducing its capacity to damage. These antioxidants delay or inhibit cellular damage mainly through their free radical scavenging property (Halliwell, 2018). Table 3 shows the effect of water pipe tobacco exposure on some enzymatic and non-enzymatic stress biomarkers of female wistar rats exposed for a period of 2 and 4 weeks. The result showed that the concentration of GSH increased in all the groups exposed to shisha when compared to the control animals. The result also showed that the concentration of catalase increased in all the groups exposed to shisha when compared to the control animals. The result showed that the concentration of SOD increased in all the groups exposed to shisha when compared to the control animals. The result showed that the level of MDA increased in all the groups exposed to shisha when compared to the control animals. MDA elevation is a direct indicator of increased lipid peroxidation and oxidative damage to cell membranes. The general trend observed in the oxidative markers strongly suggests that water-pipe tobacco exposure causes significant sub-acute oxidative stress, forcing the body's antioxidant system to become highly activated in a defensive response.
The level of MDA increased in all shisha-exposed groups compared to the control. Malondialdehyde (MDA) is the most widely used biomarker for lipid peroxidation, which is the oxidative degradation of polyunsaturated fatty acids in the cell membrane. Shisha (Waterpipe Tobacco Smoke, WTS) contains thousands of toxic compounds, including high concentrations of carbon monoxide (CO), heavy metals, and various organic compounds. These constituents generate large amounts of Reactive Oxygen Species (ROS) and free radicals (like superoxide, hydroxyl radical, and hydrogen peroxide) directly upon inhalation. The elevated MDA level is a direct sign of major cellular damage induced by the toxicants in the shisha smoke. This indicates that the oxidant load from the smoke is overwhelming the body’s baseline defenses, leading to structural harm in tissues and organs (Hassan et al., 2020).
The concentration of GSH increased in all shisha-exposed groups compared to the control animals. Glutathione (GSH) is the body’s primary non-enzymatic antioxidant, directly neutralizing free radicals and serving as a substrate for the enzyme Glutathione Peroxidase (GPx) to detoxify hydrogen peroxide. In response to oxidative stress, the body attempts to compensate by aggressively synthesizing more GSH. The significant increase in GSH is a clear, compensatory response at the cellular level. The female Wistar rats’ defense system recognizes the massive influx of free radicals from the shisha smoke and upregulates the production of this essential molecule in a failed attempt to neutralize the damage. This increase demonstrates the severity of the pro-oxidant stimulus (Hassan et al., 2020).
The concentration of Catalase increased in all shisha-exposed groups compared to the control animals. Catalase is a crucial antioxidant enzyme responsible for detoxifying hydrogen peroxide, a potent but less reactive ROS, by converting it into water. Similar to GSH, the sustained exposure to the shisha smoke, and the resulting accumulation of hydrogen peroxide (possibly produced from the action of SOD), signals the body to induce the synthesis of more Catalase enzyme to meet the increased detoxification demand.
The increased Catalase activity confirms the presence of an elevated level of hydrogen peroxide in the cells and shows that the body is activating its major enzymatic defense lines against the oxidative threat.
The concentration of SOD increased in all shisha-exposed groups compared to the control animals. Superoxide Dismutase (SOD) is the first line of enzymatic defense. It converts the highly reactive superoxide radical into the less reactive hydrogen peroxide, which is then managed by Catalase and GPx. The increase in SOD activity signifies an overproduction of superoxide radicals by the shisha smoke, indicating that the initial stage of free radical attack is highly active (Hassan et al., 2020).
The histopathological findings strongly support the biochemical results. Liver sections from exposed groups (group 2-5) showed central vein congestion, dilated sinusoids, hepatocyte hypertrophy, degenerative changes, lymphocytic infiltration, and distortion of normal hepatic cytoarchitecture. These findings are consistent with toxic hepatopathy. Hepatocyte degeneration explains the leakage of AST and ALT into circulation, while inflammatory cell infiltration suggests an immune response secondary to oxidative damage. The progressive distortion observed in group 3, 20 minutes per day for 2 weeks and group 5, 20 minutes per day for 4 weeks indicates cumulative and dose-dependent hepatic injury. Adekomi et al. (2011) reported hepatocyte degeneration and sinusoidal distortion in rats exposed to tobacco smoke extract. Their findings confirm that tobacco-derived toxicants induce structural alterations in liver architecture, consistent with the congestion and cellular degeneration observed in this study. Nemmar et al. (2023) observed vacuolar degeneration of hepatocytes, inflammatory cell infiltration, and structural disruption in mice exposed to water pipe tobacco smoke. These morphological changes were accompanied by elevated liver enzymes and increased oxidative stress markers, suggesting that hepatocellular injury was mediated by oxidative mechanisms. The inflammatory infiltration observed in their study closely parallels the lymphocytic infiltration noted in the present work, reinforcing the role of smoke-induced inflammation in hepatic damage.
Renal histopathology revealed dilated glomerular capillaries, distorted epithelial lining of distal tubules, congestion of proximal and distal convoluted tubules, and connective tissue deposits in higher exposure groups. These structural abnormalities confirm renal injury despite the paradoxical reduction in traditional renal biomarkers. Tubular distortion aligns with observed electrolyte imbalance, reinforcing the presence of functional renal impairment. Rababa’h et al. (2021), in a comprehensive review of rodent models of water pipe smoke exposure, concluded that chronic water pipe smoke exposure consistently induces renal oxidative stress, inflammation, and histological alterations involving both glomerular and tubular compartments. These findings corroborate the glomerular capillary dilation and tubular disruption seen in this study. Although the present study observed reduced serum creatinine and urea levels, the histological abnormalities strongly support the presence of renal injury. Previous authors have noted that biochemical markers may not always reflect early structural damage, particularly when hepatic dysfunction or haemodilution influences serum metabolite levels (Nemmar et al., 2020). 
Cardiac tissue sections demonstrated muscle fiber distortion, cellular degeneration, vascular congestion, and fiber shrinkage in exposed groups. These findings indicate myocardial structural compromise. Similarly, Al-Sawalha et al. (2015) reported structural alterations in rat ventricular tissue following water pipe smoke exposure, including cardio myocyte separation and inflammatory infiltration. The authors attributed these changes to oxidative stress and systemic hypoxia induced by smoke constituents. The cardiac degeneration observed in the present study may likewise be linked to oxidative stress and reduced oxygen-carrying capacity secondary to anaemia.



5. CONCLUSION 
This study demonstrated that exposure to water pipe tobacco smoke induces significant hepato-renal toxicity and oxidative stress in female wistar rats. The observed elevation in hepatic enzymes (AST, ALT, and ALP) indicates hepatocellular injury and possible disruption of bile flow, reflecting impaired liver function. Alterations in renal biomarkers, including reduced urea and creatinine levels as well as marked electrolyte imbalances, suggest compromised renal handling of metabolic wastes and disturbance of fluid and electrolyte homeostasis. Furthermore, the significant increase in oxidative stress markers, particularly malondialdehyde, alongside elevated antioxidant defenses (GSH, SOD, and catalase), confirms the induction of oxidative stress and lipid peroxidation following shisha smoke exposure. These findings reveal that water pipe tobacco smoke exerts systemic toxic effects even with relatively short-term exposure. The study provides experimental evidence that shisha smoking is not a safe alternative to cigarette smoking and poses substantial risks to vital organs. Continuous exposure may predispose users to liver and kidney dysfunction through oxidative stress-mediated mechanisms. Public health education and stricter regulation of water pipe tobacco use are therefore strongly recommended.
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