


Waterpipe Tobacco Smoke–Induced Renal and Hepatic Toxicity and Associated Heavy Metal and Polycyclic Aromatic Hydrocarbon Levels in Female Albino Rats
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ABSTRACT
[bookmark: _GoBack]The widespread use of water pipe tobacco (WPT) has raised concerns regarding potential health risks associated with inhalation of tobacco smoke and its constituents, including polycyclic aromatic Hydrocarbons (PAHs). This study evaluated the effect of water pipe tobacco smoke on renal and hepatic biomarkers in blood serum of female albino rats. Fifteen (15) female albino rats weighing between 100g to 150g were used for the experiment and randomized into three groups of five animals each. Group 1 served as the control which was animals not exposed to water pipe tobacco (shisha) smoke, while group 2 and 3 were animals exposed to water pipe tobacco smoke at the duration of 30 seconds and 50 seconds per cycle for 15 minutes respectively for a period of 13 days. All exposures of the animals to the water pipe tobacco smoke were conducted in an enclosed improvised glass inhalation chamber coupled to a vacuum pump and water pipe tobacco (shisha) pot to generate the smoke. Blood serum samples collected were subjected to various biochemical assays to determine renal and hepatic biomarkers, heavy metals including PAHs. Results revealed gradual to significant dose-dependent alterations in both hepatic and renal biomarkers in the shisha-exposed groups accompanied by evident electrolyte imbalance. Oxidative stress markers showed a decreased superoxide dismutase activity and increased malondialdehyde levels in the exposed groups. Elevated concentrations of heavy metals were observed and several components of PAHs detected at varying concentrations. Generally, these findings indicate that the exposure to water pipe tobacco smoke adversely affects renal and hepatic functions and poses a significant health risk. The observed alteration in the hepatic and renal biomarkers together with accumulation of heavy metals and PAHs may be attributed to the toxic mixture of constituents present in the water pipe tobacco smoke.
______________________________________________________________________________
Keywords: Water pipe-tobacco, toxicity, inhalation chamber, effects, biomarkers.

1.1    INTRODUCTION 
Water pipe tobacco (WPT), also known as hookah or shisha while often perceived as less harmful than cigarettes has been associated with various adverse health effects. Water pipe tobacco smoke has been found to contain a complex mixture of chemicals, many of which are known or suspected carcinogens (Masjedi et al., 2023). The widespread use of water pipe tobacco (WPT) has raised concerns regarding potential health risks associated with inhalation of tobacco smoke and its constituents, including PAHs (Kassem et al., 2024). Shisha smoking originated in ancient Persia and India, and has traditionally been a social activity, often associated with relaxation, hospitality, and cultural identity (Gautam et al., 2022). In recent decades, however, there has been a global surge in the popularity of WPT, particularly among young adults (Soule et al., 2015; Ramôa et al., 2017). This trend is attributed to various factors, including the proliferation of WPT cafes and lounges, the introduction of flavored tobacco products, and the perception of WPT as a less harmful alternative to cigarettes (Huang et al., 2017). The communal aspect of WPT use, coupled with the misconception of its safety, has fueled its rising popularity, particularly among young adults and women (Haddad et al., 2015; Bhatnagar et al., 2019; Makvandi et al., 2021). While WPT smoking may be perceived as less harmful than cigarette smoking, research suggests that both activities pose significant health risks. The health risks associated with water pipe tobacco (WPT) smoking are multi-faceted and extend beyond the respiratory system.  In the respiratory system, WPT smoking can cause acute and chronic respiratory problems. Short-term effects include irritation of the airways, coughing, and wheezing (Haddad et al., 2016; Mogassabi et al., 2019). Chronic exposure to WPT smoke has been associated with the development of chronic obstructive pulmonary disease (COPD), a progressive lung condition characterized by airflow obstruction and breathing difficulties (Khabour et al., 2018; Ghosh et al., 2020). Additionally, WPT smoking may exacerbate asthma symptoms and increase the risk of respiratory infections (Bhatnagar et al., 2019). Water pipe tobacco smoking also poses significant cardiovascular risks. Studies have shown that WPT use can lead to increased heart rate, blood pressure, and arterial stiffness, all of which are risk factors for cardiovascular disease (Ghosh et al., 2020). Water pipe tobacco smokers are exposed to many of the same toxicants found in cigarette smoke, including nicotine, carbon monoxide, and heavy metals (Aboaziza & Eissenberg, 2015). Moreover, WPT sessions often last longer than cigarette smoking, resulting in greater exposure. Although WPT smoke is filtered through water, this process does not eliminate all toxins (Hauser et al., 2020). Heavy metals like lead, cadmium, and arsenic are of primary concern due to their documented toxicity to humans (Flora & Agrawal, 2017; Rahman & Singh, 2019). Arsenic, another potent carcinogen, is associated with cancers of the skin, lung, and bladder, alongside cardiovascular and neurological disorders (Prakash & Verma, 2021; Martínez-Castillo et al., 2021). More so, emerging evidence suggests that WPT smoking may expose users to substantial levels of PAHs, raising concerns about the potential for adverse health consequences, particularly in young adults who may be more vulnerable to the long-term effects of exposure (Abadi et al., 2023). Some studies have found that WPT smoke may contain even higher levels of certain carcinogens, such as PAHs, than cigarette smoke (Kim et al., 2016). These compounds have been linked to various types of cancer, including lung, bladder, and oral cancers (Bhatnagar et al., 2019).  Polycyclic aromatic hydrocarbons exhibit a wide range of adverse health effects, including genotoxicity, immunotoxicity, reproductive toxicity, and developmental toxicity (Sun et al., 2021; Ramesh et al., 2022). 
1.2   Composition of water pipe tobacco
Water pipe tobacco, commonly known as hookah tobacco or shisa is composed of finely cut tobacco, molasses or honey, glycerin, and various flavorings, creating a moist blend distinct from traditional cigarettes (Maziak, 2011). The tobacco leaves which are the primary component, providing nicotine and other alkaloids. Molasses or honey which is used as a binder and sweetener, adding to the flavor and moisture content. Glycerin helps maintain moisture and produce thick smoke while flavourings enhance the smoking experience, such as fruit, mint, or spices. Additionally, water pipe smoke contains a range of harmful chemicals, including tar, carbon monoxide, heavy metals, and carcinogenic compounds, similar to those found in cigarette smoke (Jamil et al., 2011). This tobacco is prepared by loosely packing it into a bowl, covering it with perforated foil, and heating it with charcoal, allowing smoke to pass through water before inhalation, which cools and filters it to some extent (Smith-Simone et al., 2008).  
1.3	Toxicology of Water Pipe Tobacco
The toxic compounds of water pipe smoking are not well studied compared with those in cigarettes. Notably, the concentration and amount of these compounds may vary widely, based on the type of water pipe, tobacco or charcoal used. Nicotine, tar, carbon monoxide (CO), polycyclic aromatic hydrocarbons (PAH) aldehydes, furanic compounds, phenolic compounds, heterocyclic compounds, ultrafine particles and inorganic compounds such as heavy metals, have all been identified in water pipe smoke (Jamal et al., 2011).
1.4	Health Effects of Water Pipe Tobacco Smoke on The Liver
Water pipe tobacco, also known as hookah or shisha, can significantly harm the liver due to the high levels of toxic substances such as nicotine, carbon monoxide, heavy metals, and carcinogens present in the smoke. These toxins increase oxidative stress and cause cellular damage and inflammation in the liver, which can lead to conditions like fatty liver disease, liver fibrosis, and even liver cancer (Patel et al., 2019). Chronic inflammation from prolonged exposure can promote fibrosis, impeding liver function, and nicotine can adversely affect lipid metabolism, exacerbating non-alcoholic fatty liver disease (NAFLD).


1.5	Health Effects of Water Pipe Tobacco smoke on The Kidney
The increasing worldwide prevalence of chronic kidney disease (CKD) and the growth in the number of patients reaching end-stage kidney disease have prompted nephrologists to identify factors that increase the risk of renal disease. In recent years it has become clear that water pipe tobacco smoking is an important independent risk factor for CKD and that it has deleterious effects on renal function (Hallan and Orth, 2011). Smoking is a significant risk factor for renal cancer, particularly renal cell carcinomas. There is a higher mortality rate in heavy smokers and a reduced rate of disease in those who have quit for a period of years; suggesting that cancer progression may be more aggressive in smokers (Tsivian et al., 2011). 
1.6 Inhalation Chamber/Smoking Device
 The inhalation chamber/ smoking device was designed with a special smoking description suitable for the exposure of rats to waterpipe-tobacco smoke. The setup is composed of the following components; (1) Water pipe tobacco pot. (2)An inhalation chamber made of glass about the size that can accommodate up to 8 rats.  (3) A vacuum pump provided by the department of Chemistry Rivers State University used to pump smoke to the inhalation chamber (4) Connector hose. The whole set up is illustrated in Figure 1.
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Fig 1: Experimental set up of the Improvised glass inhalation chamber used to expose the Rats to Water pipe tobacco smoke.


1.7 Research Design
This study evaluated waterpipe tobacco smoke–induced renal and hepatic toxicity and associated heavy metal and polycyclic aromatic hydrocarbon levels in female albino rats.
1.8	Exposure protocol
Fifteen (15) female albino rats weighing between 100-150g used for the experiment were obtained from the animal house of Physiology Department, College of Medical Sciences, Rivers State University. The animals were randomized into three groups of five animals each. Group 1 served as the control, which were rats not exposed to shisha smoke. Group 2 animals were to exposed to shisha smoke for 30 seconds per cycle and allowed to take fresh air for 30 seconds while group 3 was exposed to shisha smoke for 50 seconds and also allowed to take fresh air for 30 seconds in between time via an opening in the chamber that expels smoke, thereafter the exposure process was repeated continuously for a cycle of 15 minutes per day. Exposures of animals to water pipe tobacco smoke were conducted in an enclosed improvised inhalation chamber coupled to a shisha pot and vacuum pump to generate smoke. The experiment lasted for 13 days and the animals were sacrificed prior to laboratory analysis. 
1.9 Sample collection
Blood samples were collected from the experimental animals and samples centrifuged at 3500rpm for 5 minutes and the serum separated transferred into plain sample bottles for the various biochemical assay. The serum was used to determine renal and hepatic biomarkers, heavy metals as well as polycyclic aromatic hydrocarbons.
2.0 Laboratory procedures
2.1 Hepatic Biomarkers Assay
AST and ALT were determined using Reitman and Frankel method while ALP was determined according to the method of Kochmar, J.F and moss, D.W.
Bilirubin was determined according to the method of Jendrasik and Grof. 
Total Protein was carried out using biuret method and albumin assayed according to Bromocresol Green (BCG) method.
2.2 Renal Assay
Creatinine and Urea were assayed using biochemical auto-analyzer while electrolytes were determined using ion selective electrode (ISE) method.
2.3 Oxidative Biomakers Assay
Malondialdehyde (MDA) was assayed using Ohkawa and Ohishi method while superoxide dismutase (SOD) was assayed using Misra and Fridovich method.
2.4 Heavy Metal Analysis
The heavy metals were determined using atomic absorption spectroscopy (AAS)
[bookmark: _Toc180426742]2.5 Sample digestion for Heavy metals Analysis
The serum samples were diluted 1:10 with distilled water and 1% HNO3 and 0.1% HCl were added for digestion.
2.6 Statistical analysis
The results from the study were subjected to statistical analysis of variance (ANOVA) using statistical package for social science (SPSS) version 27. The results were expressed as mean + standard deviation. Comparison of the various mean was done using one –way ANOVA and mean values considered statistically significant at p< 0.05.
2.7  Results and Discussion
Table 1: Effect of Water Pipe Tobacco Smoke on the Renal markers in Female Albino Rats 
	PARAMETERS
	Urea

mmol/l
	Creatinine

mmol/l
	K+

mmol/l
	Na+

mmol/l
	Cl-

mmol/l
	-
[bookmark: _Hlk219747514]HCO3

µ/ml

	Group 1(Control)
	3.20±0.10
	62.33±2.52
	3.10±0.10
	116.50±3.50
	66.50±4.50
	26.00±1.50

	Group 2 
	3.85±1.05
	63.50±1.50
	3.20±0.10
	121.00±4.00
	67.50±2.50
	23.67±1.53

	Group 3
	2.93±0.12
	78.50±18.50
	3.33±0.12
	125.67±3.21
	70.67±14.15
	22.00±1.00





Table 2: Effect of Water Pipe Tobacco Smoke on the Hepatic and Oxidative Markers in Female  Albino Rats
	[bookmark: _Hlk183662676]PARAMETERS
	GROUPS
	
	

	
	GROUP 1
	GROUP 2
	GROUP 3

	AST µ/l
	33.00±9.00
	38.00±1.00
	47.00±1.00

	ALT µ/l
	20.00±1.00
	22.00±1.00
	31.70±6.51

	ALP g/l
	41.50±1.50
	45.00±1.00
	47.00±1.00

	T.P g/l
	63.00±2.00
	61.70±4.04
	61.00±1.00

	ALB µmol/l
	40.00±1.00
	41.00±1.00
	39.00±4.00

	T.B µmol/l
	7.75±0.25
	7.63±0.15
	7.25±1.25

	C.B mmol/l
	5.15±0.35
	5.30±0.26
	4.50±1.30

	SOD µmol/l
	0.40±0.05
	0.24±0.09
	0.15±0.02

	MDA µ/l
	0.38±0.10
	0.50±0.07
	0.56±0.05



Table 3: Heavy Metal Concentrations in Blood Serum of Female Albino Rats Exposed to Water Pipe Tobacco
	PARAMETERS
	
	

	
	Group 1
(Control)
	Group 2
	Group 3
	


	Chromium mg/l
	  0.001±0.000
	  0.040±0.068
	     0.682±0.340
	

	Nickel mg/l
	  1.163±0.581
	  1.946±1.692
	     3.134±1.533
	

	Cadmium mg/l
	  0.060±0.030
	  0.094±0.162
	     0.836±0.346
	

	Lead mg/l
	  0.001±0.00
	  0.721±1.247
	     2.641±1.320
	

	Arsenic mg/l
	  0.001±0.000
	  0.001±0.000
	     0.002±0.000
	




Table 4: Concentrations of Polycyclic Aromatic Hydrocarbons in Blood Serum of Female Albino Rats Exposed to Water Pipe Tobacco Smoke.
	PAH Components (mg/l)

	Group 1
(Control)
	Group 2

	Group 3


	Naphthalene
	N.D
	N.D
	0.26±0.01

	Acenaphthylene
	N.D
	N.D
	0.05±0.00

	Acenaphthene
	N.D
	N.D
	0.09±0.00

	Fluorene
	N.D
	0.06±0.00
	0.16±0.00

	Anthracene
	N.D
	0.12±0.00
	0.08±0.00

	Phenanthrene
	N.D
	0.12±0.00
	0.08±0.00

	o-Terphenyl
	N.D
	0.05±0.00
	N.D

	Benzo(k)fluoranthene
	N.D
	N.D
	0.11+0.00

	Benzo(a)pyrene
	N.D
	N.D
	0.11+0.00



2.8.1 . Renal and Hepatic biomarkers
Water-pipe tobacco smoke exposure produced dose-dependent alterations in renal biomarkers. The results showed mild changes in urea levels, indicating early to moderate renal stress rather than overt kidney failure. In contrast, creatinine levels increased significantly in the exposed groups, suggesting impaired glomerular filtration, likely associated with prolonged or higher exposure to water-pipe tobacco toxicants. Renal regulation of electrolytes was also affected. Potassium (K⁺) levels showed only minor variations among the groups, indicating relative preservation of potassium homeostasis. However, sodium (Na⁺) concentrations increased progressively in the exposed groups, with a statistically significant elevation observed in Group 3 compared with the control, suggesting altered tubular reabsorption possibly due to tobacco-induced tubular injury. Chloride (Cl⁻) levels were also elevated in Group 3, further supporting the presence of electrolyte and acid–base imbalance. Conversely, bicarbonate (HCO₃⁻) levels decreased across the exposed groups, indicating impaired renal regulation of blood pH and a potential shift toward metabolic acidosis. Disturbances in creatinine and electrolytes (Na⁺, Cl⁻, and HCO₃⁻) were most pronounced in Group 3, highlighting dose-related renal functional impairment, likely mediated by toxic constituents of water-pipe tobacco such as nicotine, heavy metals, and oxidative stress–inducing agents. As shown in Table 2, water-pipe tobacco smoke exposure induced a dose-dependent increase in hepatic enzymes (AST, ALT, and ALP) in albino rats, indicative of hepatocellular injury and liver dysfunction. Despite these enzymatic changes, hepatic synthetic function markers (albumin and total protein) remained largely preserved, suggesting early or moderate hepatic toxicity. Nevertheless, a slight reduction in total protein was observed across the exposed groups, particularly in Group 3, indicating a mild compromise in protein synthesis under toxic stress. Albumin levels showed minimal variation, implying that short-term exposure had not yet resulted in severe impairment of hepatic synthetic capacity, although the modest decrease in Group 3 may represent early hepatic dysfunction. Regarding bilirubin levels, a gradual reduction was observed across the exposed groups. While the changes were modest, they may reflect altered bilirubin metabolism or mild hepatic excretory stress and are considered biologically relevant.
2.8.2   Oxidative Stress Markers
Superoxide Dismutase (SOD) levels witnessed progressive decrease across groups indicates reduced antioxidant defense. This could suggest that water-pipe tobacco smoke induces oxidative stress, overwhelming the antioxidant system. The concentrations of malonaldehyde (MDA) increased significantly in groups exposed to the toxicant and this confirms oxidative stress and tissue injury due to tobacco exposure. Increasing MDA levels indicate cell membrane damage caused by free radicals. MDA is a marker of lipid peroxidation. These results demonstrate that water-pipe tobacco exposure induces significant hepatic dysfunction and oxidative stress in female albino rats, as evidenced by elevated liver enzymes, reduced antioxidant activity, and increased lipid peroxidation. These effects were more pronounced with increased exposure, suggesting a dose-dependent toxic effect of water-pipe tobacco on liver integrity.
2.8.3 Heavy Metal Concentrations
There was a clear case of exposure-dependent increase in heavy metal concentrations from groups. Water pipe tobacco smoke significantly elevated toxic heavy metals in blood system, particularly lead, cadmium, nickel, and chromium. These metals are known toxic constituents of tobacco smoke and are associated with oxidative stress, organ damage, and carcinogenic effects. The findings demonstrate the systemic toxicological impact of water pipe tobacco smoking and support its potential role in causing long-term health complications. 
2.8.4  Polycyclic aromatic hydrocarbons
Results of the study detected the presence of some components of PAHs with varying concentrations. Naphthalene, acenaphthylene, and acenapthytene were absent in group 2 and present in group 3 animals. Further, some carcinogenic PAHs such as benzo(k) flouranthene and benzo(a) pyrene were absent in group 2 animals exposed moderately to shisha but detected in group 3 animals exposed for a prolong period to water pipe tobacco. These findings are consistent with previous research, which has shown that exposure to water pipe tobacco smoke can lead to elevated levels of PAHs in the blood (Kaplan et al., 2019). The health implications of these findings are significant, as PAHs are known to be carcinogenic, mutagenic, and teratogenic. The presence of even low levels of PAHs in the blood can have long-term health consequences (Mallah et al., 2022). 
2.9   Conclusion
Water-pipe tobacco exposure smoke resulted in significant alterations in renal and hepatic biomarkers, characterized by electrolyte imbalance, elevated creatinine levels, and increased liver enzyme activities etc. The oxidative stress biomarkers malondialdehyde (MDA) and superoxide dismutase (SOD) levels were also affected by the toxicant. These findings suggest that prolonged consumption of water-pipe tobacco may predispose individuals to renal and hepatic dysfunction. The results also revealed significant accumulation of toxic heavy metals and the presence of carcinogenic polycyclic aromatic hydrocarbons. Collectively, these findings underscore the potential health risks associated with water-pipe smoking and highlight the need for increased public health awareness and targeted interventions to mitigate its adverse effects among consumers.
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