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Summary: Tobacco, a product of Nicotiana tabacum (N. tabacum) is composed of nicotine as its primary active ingredient. 

Nicotine has been reported to be the major cause of tobacco addiction with consequent renal implications. Therefore, this 

study was conducted to investigate the effect of the aqueous extract of N. tabacum on serum electrolytes, urea and creatinine 

levels as indices of renal function in male Wistar rats. Eighteen male Wistar rats weighing between 140 to 230g were used 

for this study. The animals were divided randomly into three groups: A, B and C; with each group containing 6 rats.  Group 

A served as control while Group B and C were orally administered sublethal doses of 20 and 30 mg/kg body weight of the 

N. tabacum extract respectively once per day for 21 days. At the end of the experimental observations, the animals were 

sacrificed and blood samples were collected for biochemical assay. The results showed a significant increase (p<0.05) in the 

serum concentration of sodium, potassium and urea levels of rats treated with the extract when compared with the control. 

However, serum concentrations of chloride, bicarbonate and creatinine showed no significant appreciable differences 

between the treated groups and the control group (p<0.05). In conclusion, the study showed that aqueous extract of Nicotiana 

tabacum is associated with renal dysfunction with consequent hypernatremia and hyperkalemia, and may also suggest 

impaired urea clearance by the kidneys in male Wistar rats.  
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INTRODUCTION 
 

The kidney plays a primary role in homeostasis by excreting 

urea and creatinine (Walter, 2004 and Stuart, 2011). This it 

achieves through filtration of waste products from the blood 

stream and converting the ultra-filtrate to urine. Also, by 

regulating blood volume, and maintaining the acid-base 

balance (pH) and levels of electrolytes, especially sodium 

and potassium. Thus, according to Valerie and Scanlon, 

(2007), compromising kidney function can cause pernicious 

health effects due to build-up of unwanted substances in the 

body system. 

 The most commonly requested biochemical tests are 

urea and electrolytes because they provide crucial 

information on renal function, chiefly in homoeostasis and 

excretion. The major factor in determining the estimated 

glomerular filtration rate, which is the gold standard marker 

of kidney health are the levels of creatinine (Blann, 2014). 

Also, glomerular filtration rate and levels of electrolytes, 

urea and creatinine give a strong indication of kidney 

function and can guide treatment (Blann, 2014). 

Tobacco is a product of Nicotiana tabacum and has nicotine 

as its main phytochemical (Di-Chiara, 2000 and Harvey et 

al., 2004). Nicotine has been reported to be an addictive 

drug and the leading cause of tobacco addiction. Tobacco is 

derived from any plant of the genus Nicotiana of the 

Solanaceae family and has been reported to affect several 

vital organs of the body. For instance, Nwaji et al., (2021) 

reported that Nicotiana tabacum impaired serum 

testosterone and testicular weight in rats. The smokeless 

tobacco has different names in Nigeria. It is called Anwuru 

in Igbo, Taba in Yoruba and Hausa languages (Thomson, 

2008). 

 Smokeless tobacco is in two forms according to Aduema 

et al., (2012), viz: ‘Tobacco snuff’ and ‘Chewing tobacco’.  

Also, according to Ureme et al., (2007), tobacco snuff is the 

powdered form blended with potash as the main additive in 

Nigeria and is being recommended as a substitute for 

cigarette since it is free of hazardous elements such as tar 

and carbon monoxide (Russel et al., 1980). For this sole 

reason, people now believe that using smokeless tobacco is 

safer than smoking it. However, this assumption is false 

because smokeless tobacco can as well induce nicotine 

addiction. (Dempsey, 2001). 

 An understanding of tobacco’s effects on renal function 

can clearly point towards novel approach to its use or disuse 

at both social and clinical settings with references to renal 

implications. However, there is dearth of literature on the 

sub-lethal effects of its graded doses on the renal system. 

This study thus sought to investigate the effect of Nicotiana 

tabacum on serum electrolytes, urea, and creatinine as 

indicators of renal function.     
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MATERIALS AND METHODS 

 

Collection and Identification of plant 

Leaves of Nicotiana tabacum were collected, identified and 

authenticated by experts at the Alex Ekwueme Federal 

University, Ndufu-Alike, Ebonyi State. 

 

Extraction of Sample: 100grams of the plant material was 

extracted by maceration in 1000ml of distilled water with 

intermittent agitation (8hrs/day) for 3days using mechanical 

shake. The mixture was filtered afterwards using Whatman 

no. 1 filter paper. The filtrate concentrate by rotary 

evaporation to dryness and solid residue was obtained. The 

dark brown paste residue was transferred to an airtight bottle 

and refrigerated until use. The concentration of the aqueous 

extract was determined using this formula: 
 

Concentration = Weight of leaves (g)/Quantity of water (ml) 

 

And the actual dose administered was obtained using this 

formula: 

 
Dose (ml) = Dosage (mg)/ Body weight (kg)/ Concentration (mg/ml) 

 

Experimental Design: 18 male rats of Wistar strain 

weighing between 140 to 230g were used for this 

experiment. The animals were acclimatized for two weeks 

at the Animal House of the Department of Physiology, Alex- 

Ekwueme Federal University, Ndufu-Alike. The animals 

were divided randomly into three groups, containing 6 rats 

each.  The experimental design consisted of three groups 

denoted Group A, B and C.  Group A served as the control 

while groups B and C were orally treated with 20 and 30 

mg/kg body weight doses of the N. tabacum extract 

respectively. 

 The experiment was conducted following the humane 

treatment for the care and use of laboratory animals. 

The animals were kept under optimal laboratory conditions 

with 12 hour light/dark cycle.  The animals were fed with 

normal rat chow and allowed access to water ad libitum for 

three weeks. 

 

Blood sample collection: The extracts were administered 

orally for three weeks using oropharyngeal cannula. On the 

last day of the experimental protocol, the animals were 

sacrificed and blood samples were collected via cardiac 

puncture into sample bottles. Serum was obtained by 

centrifuging at 3000 rpm for 15 minutes.  
 

Determination of serum electrolytes, urea, and 

Creatinine: Serum levels of sodium and potassium were 

determined using the Flame photometry method (Chiron 

Diagnostics) by strictly following the manufacturer’s 

guidelines. Serum bicarbonate, urea, and creatinine levels 

were determined by titrimetry, diacetyl monoxime, and 

alkaline picrate methods respectively using the standard 

assay kit. These assays were carried out at the Chemical 

Pathology unit of the Alex-Ekwueme Federal University 

Teaching Hospital, Abakaliki (AE-FUTHA), Ebonyi State. 

 

Statistical Analysis 

Data were expressed as mean ± SEM. Data were analyzed 

using Graph pad prism 7.0 software. Differences in means 

were compared using ANOVA and Students T-test. P-

values < 0.05 were taken as statistically significant. 

 

 

RESULTS 

 

Changes in Serum Electrolyte, Urea and Creatinine in 

Nicotiana tabacum-treated Rats: The effect of Nicotiana 

tabacum on serum electrolytes (Na+, K+, Cl- and HCO3
-), 

urea and creatinine concentration  are shown in Table 1 

below.  Administration of Nicotiana tabacum extract has no 

significant effect (p<0.05) on the serum chloride ion, 

bicarbonate and creatinine concentrations There was a 

significant increase in the serum sodium ion concentration 

of rats fed with 30mg/kg body weight of the extract when 

compared with the control group. Also, there was a 

significant increase (P <0.05) in the potassium ion 

concentration of all the treated groups when compared with 

the control. There was also a significant increase in the 

serum urea concentration of the treated group which 

received higher dose (30mg/kg body weight) of the extract 

when compared with the control group. 

 

DISCUSSION 

 

Nicotine is the primary and most important bioactive 

constituent of Tobacco (Nicotiana tabacum) (Harvey et al., 

2004). Electrolytes at the right levels are required for the 

proper functioning of the central nervous system, endocrine 

and musculoskeletal and digestive systems. The kidney is 

the principal organ that regulates electrolytes, urea and 

creatinine levels thereby maintaining homeostasis. Thus, 

making urea and electrolytes the most commonly requested 

biochemical tests to assess renal function, principally in 

excretion and homoeostasis. According to Blann, (2014), 

the serum levels of electrolytes, urea and creatinine give a 

strong indication of kidney function and can guide 

diagnostics and medical treatment. 

 

 

Table 1:  

Changes in serum electrolyte, urea and creatinine in Nicotiana tabacum-treated rats. Values are expressed as mean  SEM (n=6) 

Group                                                   Parameters 

 Electrolytes Urea (mmol/l) Creatinine (mmol/l) 

 Na+(mmol/l) K+(mmol/l) Cl-(mmol/l) HCO3 (mmol/l)    

A 143.7±0.3 4.6±0.1 108.7±0.8 24.0±0.5 4.4±0.1 76.0±1.1 

B 142.5±1.1 5.1±0.1** 109.8±0.5 21.2±1.2 4.7±0.4 77.0±2.4 

C 145.2±0.4* 5.2±0.2* 108.5±0.6 24.2±1.4 5.1±0.2** 79.3±1.1 

Key: n=6, ** P<0.01, * P<0.05 vs. ctrl group, Na+ (sodium ion), K+ (potassium ion), Cl- (chloride ion), HCO3
- (bicarbonate) 
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 The result of this study shows that aqueous leaf extract 

of Nicotiana tabacum caused elevated serum sodium, 

potassium as well as increased serum urea concentrations. 

However, serum levels of chloride, bicarbonate and 

creatinine concentrations showed no appreciable differences 

between the treated groups and the control group. 

 The result of this study is in pact with previous findings 

(Eliasson et al., 1993; Yuka et al., 2012; El-Sayed et al., 

2013 and Munzir et al., 2015) who reported an increase in 

serum levels of sodium, magnesium, potassium and urea 

levels amongst smokers.  

 Some researchers also reported decreased serum and 

urinary creatinine values amongst smokers (Eliasson et al., 

1993). However, Munzir et al., (2015) reported that there 

was an elevated value of serum creatinine amongst smokers. 

This is not consistent with our findings. Eliasson et al., 

(1993) also reported decreased urinary creatinine, increased 

serum phosphate and increased urinary potassium amongst 

snuff users.  

 Hypernatraemia (Raised sodium) can be caused by a 

salt-rich diet or dehydration. It can also be caused by low 

blood volume, resulting from insufficient drinking or 

excessive loss of water in urine, sweat or diarrhoea (Blann, 

2014). Also, raised potassium (hyperkalaemia) may be due 

to renal problems such as failure to excrete, acidosis (high 

pH) or potassium being released from damaged cells, such 

as red bloods cells. HCO3
- (bicarbonate) is also important in 

determining the pH of the blood, thus, indicating acidosis or 

alkalosis.  

 The main excretory product of body’s biochemical 

metabolism is urea, while creatinine is a more specialized 

product of the breakdown of protein. Thus, urea and 

creatinine molecules help with the excretion of excess 

nitrogen in the body. Urea is a good marker of acute renal 

disease while creatinine is useful as a longer-term marker of 

renal function (Blann, 2014). Moreso, the elevated serum 

urine concentration according to Ritz et al., (1998) might be 

due to the fact that nicotine (an active ingredient in 

Nicotiana tabacum) increases renovascular resistance which 

will lead to the fall in renal plasma blood, filtration fraction 

and glomerular filtration rate (GFR) 

 The decrease in GFR will, therefore, lead to a decrease 

in distal tubular flow rate and thus, it is not surprising that it 

may bring about increased urea reabsorption in the distal 

convoluted tubule of the kidney (JoAnn and Robert, 2011). 

It has been suggested that several mechanisms may be 

involved in inducing renal vasoconstriction and vascular 

damage. For instance, nicotine has been reported by Ritz et 

al., (1998) and Gambaro et al., (1998) to increase plasma 

levels of vasoconstrictors such as catecholamines, 

vasopressin, endothelin-1 and arginine. 

 In conclusion, the results of the study suggest that 

aqueous extract of Nicotiana tabacum impaired renal 

handling of electrolytes with consequent hypernatremia and 

hyperkalemia and may also suggest impaired urea clearance 

by the kidneys in male Wistar rats. 
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