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Abstract

Considering the popular usage of nicotine, the impact of prolonged exposure of nicotine on haematological parameters
in male Wistar rats was evaluated by the current study. A total of thirty (30) Wistar rats were grouped into 5 groups of
6 rats each. Group 1: served as (control) and received distilled water and rat chow ad libitum. Groups 2 to 4 served as
test groups; and received 250, 500, 750 and 1000 mg/kg/bw of Nicotine respectively. All treatments were administered
orally using oral gavage and it lasted for 28 consecutive days. Thereafter samples were harvested and laboratory
analyses done. Upon statistical analysis of data using the SPSS, there was a dependent increase in the body weight of
experimental animals administered with 200 mg/kg and 500 mg/kg of the nicotine extract during week 2 and week 3.
Aside from that of the 500 mg/kg treated group with marked (P < 0.05) decreased, all other nicotine treated groups
compared to control group, indicated significantly raised levels of RBC. Similarly, there were non-significant (p>0.05)
increases in the packed cell volume and haemoglobin concentration for the groups administered with 200 mg/kg, 750
mg/kg and 1000 mg/kg of Nicotine compared to the control. There was a significant (P < 0.05) increase in the level of
neutrophils and reduction in eosinophil compared to control. In conclusion, chronic exposure to increasing doses of
nicotine may have the potential to raise the levels of RBC, PCV, haemoglobin and platelet count; thus leading to a possible
raised viscosity /hypercoagulable state of blood that could result in haemodynamic and other related dysfunction.
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1. Introduction

Nicotine is an organic compound that is found in tobacco plants; and it is highly addictive especially when used
recreationally, which is in turn associated with many health risks and problems [1]. Nicotine is a chiral alkaloid that is
naturally produced in the nightshade family of plants (most predominantly in tobacco and Duboisiahopwood [1] and is
widely used recreationally as a stimulant and anxiolytic. As a pharmaceutical drug, it is used for smoking cessation to
relieve withdrawal symptoms [2].

Unless used in slow-release forms, nicotine use can provoke abuse [1, 3]; as have been indicated in animal models where
monoamine oxidase inhibitors present in tobacco smoke revealed nicotine's addictive potency [2, 4]. Cigarette smoking
is an important and independent risk factor for atherosclerosis, coronary artery disease, peripheral vascular disorders,
etc and several studies provide the evidence that nicotine is strongly associated with altering the normal status of the
lipid profile [5, 4].
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Although it has been have reported that leukocyte count increases with the number of cigarettes smoked daily and
decreases after cessation of smoking, data on smoking characteristics, such as duration of smoking, intensity of smoking,
smoked pack-year and their association with leukocytes count is scanty [6]. Changes in the hematological parameters
due to the inhalation of nicotine may be an important reason for various vascular diseases. Inhalation of considerable
concentration of nicotine cause alternations in various hematological parameters, including white blood cells, mean
corpuscular volume, hematocrit, hemoglobin, monocyte, eosinophil, neutrophil and lymphocyte counts [7].

Therefore, the various pharmacological actions of nicotine and other materials led to change the status of hematologic
and hemostatic parameters. However, there are few studies to evaluate the impact of nicotine on blood cells; hence this
study aimed at investigating the impact of prolonged exposure of Nicotine on haematological parameters in male Wistar
rats.

2. Materials and Methods

2.1. Handling of Experimental Animals

Thirty (30) adult male Wistar rats (weighing 120-220g) were purchased from the Animal House of the Department of
Pharmacology, University of Port Harcourt, Nigeria and managed under normal laboratory condition according to the
University ethical guidelines. The rats were kept in clean cages and maintained at room temperature of 25°C + 2°C with
a 12hours light/dark cycle, all rats had free access to food and water during the study period. The rats were allowed to
acclimatize for two weeks before the commencement of the experiment.

2.2. Experimental Design

The animals were divided into five (5) groups of six rats each. Group 1: served as (control) and received distilled water
and rat chow ad libitum. Groups 2 to 4 served as test groups; and received 250 mg/kg/bw of Nicotinine, 500 mg/kg/bw
of Nicotine, 750 mg/kg/bw of Nicotine and 1000 mg/kg/bw of Nicotine respectively. All treatments were administered
daily orally using oral gavage and lasted for 28 days.

2.3. Acute Toxicity Test (LDso Test)

General Toxicity Dose of Nicotine: In experimental animals, the doses of nicotine which is lethal to 50% of the animals
(LDso) varies widely, depending on the route of administration and the species used. Therefore, the oral LDso dose for
nicotine in rats is 50 mgkg-* to 60 mgkg-* [8].

2.3.1. Experimental Agent

All reagents used in the present study were analytical grade. Nicotine was purchased from United Kingdom through the
license from NAFDAC to Department of Human Physiology, Faculty of Basic Medical Sciences, University of Port
Harcourt, Nigeria.

The drug Nicotine solute of 0.001mg/kg was diluted with 1000ml of distilled water and properly shaken prior to
constituting for administration.

2.3.2. Ethics Statement

The approval for the present study was obtained from the Ethics Unit of the Department of Human Physiology, Faculty
of Basic Medical Sciences, University of Port Harcourt, Nigeria. And all the study animals were handled according to the
recommendations of the US National Institute of Health (NIH) guidelines for care and use of laboratory animals in
experimental research [9].

2.4. Harvesting and Preparation of Samples for Laboratory Analysis

2.4.1. Body weights of experimental animals were weighed weekly and charted.

At the end of drug administration, experimental animals were anaesthetized using 80% chloroform and then sacrificed
through cervical dislodge. Cardiac puncture was used for blood collection for haematological parameters (red blood cell
(RBC), packed cell volume (PCV), white blood cell (WBC), neutrophils, lymphocytes, monocyte, basophils, eosinophils
and platelet count).
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2.5. Statistical Analysis

Data were subjected to statistical analysis using Statistical Package for Social Sciences (SPSS) version 20.0. Data were
expressed as mean #* standard error of mean. Analysis of Variance (ANOVA) was done using Least Significant Difference
(LSD) to determine the significant difference in mean at 95 percent confidence interval (P < 0.05).

3. Results

Table 1 shows the body weight of experimental animal’s administered with Nicotine. There was a duration - dependent
increase in the body weight of experimental animals administered with 200 mg/kg and 500 mg/kg of the nicotine
extract during week 2 and week 3. However, there was a reduction in the body weight of the animals at week 4 of the

study with respect to the doses of the extracts administered. However, these changes were not statistically significant
(P>0.05).

Table 1 Body weight changes in nicotine treated male Wistar rats

Groups Body weights of the study animals (kg)

Week 1 Week 2 Week 3 Week 4
Control 140.73 £5.55 | 144.28 +10.58 | 134.33 +2.60 | 155.00 + 7.13
200 mg/kg Nt. | 143.34+5.57 | 14540+ 6.19 | 150.20 +2.38 | 143.40 +£9.05
500 mg/kg Nt. | 161.27 £2.90 | 165.00 £2.92 | 168.67 +0.80 | 159.00 + 7.49
750 mg/kg Nt. | 159.45+4.17 | 15793 +4.47 | 176.50+1.31 | 163.00 + 7.02
1000 mg/kg Nt. | 180.37 £+4.70 | 177.83 £4.45 | 192.00 +5.25 | 170.00 +4.30

Data are expressed as mean * SEM, n = 6; *= Significant at p < 0.05 compared to control. Nt. =nicotine

Table 2 Effects of Nicotine treatment on erythrocytes parameters and platelet count in male Wistar rats

Groups RBC (X1012/L) | PCV (%) Hb (g/dL) Platelet (X10° /L)
Control 5.77 £ 0.02 41.83+0.60 | 13.95+0.20 | 172.50 + 10.52
200 mg/kg Nt. | 5.96 + 0.04* 42.40+0.75 | 14.14 £ 0.24 | 140.20 £ 11.46
500 mg/kg Nt. | 542 +0.01* 40.83+0.87 | 13.60 + 0.29 | 186.00 + 24.21
750 mg/kg Nt. | 6.29 +0.09* 43.33+0.92 | 1447 +2.40 | 165.83 £8.35
1000 mg/kg Nt. | 6.22 + 0.08 * 43.17 £ 1.08 | 14.40 +0.36 | 136.50 £ 9.92

Data are expressed as mean * SEM, n = 6. *= Significant at p < 0.05 compared to control. Nt. =nicotine

The outcome on the effect of nicotine on the red blood cell count (RBC) indicated generally significant (P < 0.05)
elevations across all dosages of nicotine treated groups (except that of group 4) with respect to the control. Unlike other
groups, Group 4 (treated with 500 mg) showed a discordant significant (P < 0.05) decrease in their mean RBC level
when compared to the control group.

Similar to the fashion of the RBC level, there were non-significant (P > 0.05) increase in the packed cell volume and
haemoglobin concentration for the groups administered with 200 mg/kg, 750 mg/kg and 1000 mg/kg of Nicotine
compared to the control. However, the group administered with 500 mg/kg of Nicotine recorded decrease in the packed
cell volume and haemoglobin concentration, but was not statistically significant (P < 0.05). There was a non-significant
(P > 0.05) elevation in the level of platelet count in the group administered with 500 mg/kg on Nicotine compared with
the control. However, the other groups studied, differed with a non-significant (P > 0.05) reduction in the level of platelet
count when compared with the control as shown in table 2.
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Table 3 Effects of Nicotine treatment on white blood cells and its differentials in male Wistar rats

Leucocytes and Differentials
Groups WBC (X10° /L) | NEU (%) LYM (%) MONO (%) | EOSINO (%) | BASO (%)
Control 15.08 £ 2.39 21.83+2.54 64.00 +5.94 | 9.00 £3.01 | 5.33+1.56 | 0.00+0.00
200 mg/kg Nt. | 10.60 +1.30 35.00+£3.87* | 59.40+3.06 | 3.60£0.93 | 2.00 + 1.05* | 0.00 + 0.00
500 mg/kg Nt. | 17.67 + 2.34 20.50 £ 3.24 69.33+2.14 | 7.50+£0.62 | 250+1.23 | 0.17+0.17
750 mg/kg Nt. | 16.70 + 2.40 18.83 £ 2.73 73.33+3.70 | 450+1.48 | 3.33+0.62 | 0.00+0.00
1000 mg/kg Nt. | 16.57 + 3.53 1717 +£2.397 | 73.67+191 | 833+2.11 | 0.83 £0.65* | 0.00+0.00

Data expressed as mean + SEM, n = 6. *: Significant at p < 0.05 compared to control. Nt. =nicotine

Effects of Nicotine on white blood cells and its differentials in Wistar rats are as shown in table 3. There was a significant
(P <0.05) increase in the serum level of neutrophils for the group administered with 200 mg/kg of Nicotine as compared
with the control. The other groups studied showed a non - significant (P < 0.05) reduction in the serum level of
neutrophils count. There was also a significant reduction (P < 0.05) in eosinophil count in the groups administered with
200 mg/kg and 1000 mg/kg of Nicotine. There was a non - significant (p>0.05) changes in the level other parameters
compared to the control.

4. Discussion

This present study was carried out to investigate the impact of prolonged exposure of Nicotine on haematological
parameters in male Wistar rats, in view of the dearth of detailed literatures [10] on the influence of nicotine on blood
cells. Nicotine contains numerous chemicals and large quantities of oxidants. Many of the harmful effects of nicotine are
due to oxidative damage [11]. The duration - dependent increase in the body weight of the experimental animals as
recorded in this study following administration of varying doses of nicotine especially on the 2" and 3rd weeks may be
due to the inability of nicotine to impact negatively on appetite in view of acute exposure. Despite the weight-
suppressive effects of nicotine being studied extensively, the mechanism by which nicotine acts to suppress body weight
remains poorly understood [12, 13]. However, the reduction in the body weight of the animal models over a prolonged
period of time observed in the study is consistent with the findings of Audi et al., [14] which showed that administration
of nicotine to rats caused a significant decrease in the body weight and food intake. The decrease in food intake and
body weight caused by nicotine administration might be due to neuroregulatory substances stimulated by nicotine
which effect food intake mechanism.

Considering the myriad of adverse effects of nicotine in the biological system, it has been the focus of many earlier
studies performed on humans and animals to largely examine the actions of nicotine on haematological parameters
[15]. Nicotine is known to be associated with an increased risk of cardiovascular diseases, including coronary artery
disease, peripheral vascular disease, ischaemic heart disease atherosclerosis, myocardial infarction [16] and stroke
[17]. It it is presumed that these effects are caused by abnormalities in the blood rheology, infection and inflammation,
oxidative stress, and alterations of antithrombotic and fibrinolysis system.

The outcome of the present study revealed significant increases in the RBC levels of the groups administered with 200
mg/kg, 750 mg/kgand 1000 mg/kg of Nicotine compared to that of the control group. In a related manner to the changes
in RBC level, the present study also found a non - significant (P < 0.05) increase in the packed cell volume and
haemoglobin concentration following administration of nicotine in the study animals.

The outcomes in the present study regarding levels of RBC Count, hemoglobin concentration and PCV, are consistent
with some earlier researches that also reported marked increases [18, 19, 20].

Asgary etal, [21] gave a suggestive clue to the foregoing outcome of the present study, that nicotine could have inhibited
RBC hemolysis by 36.7% at higher dosages however, raised RBC hemolysis at the lower dosages. In another earlier
report by Aldosari et al., [22] , smoking tobacco, that is rich in nicotine, may be able to adversely alter the shape of red
blood cells (RBCs) thereby lowering the blood's ability to transport oxygen. The inference from this finding of the
current study is that higher doses of nicotine treatment in the study animals may raise the PCV, Hb and RBC population,
considering its deleterious effects on the morphology and flow of the cells, their functional integrity may be negatively
impacted. Thus the need for great caution in the use of nicotine in mammalian models
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These increases may be as a result of the mediated response of some pro - inflammatory agents in circulation, which
may have led to a possible degradation of oxygen with subsequent generation of carbon monoxide. This postulation is
in agreement with the literature of Pankaj et al, [23], which suggested that increased hemoglobin level in blood of
smokers could be a compensatory mechanism. Carbon monoxide binds to Hb to form carboxyhemoglobin, an inactive
form of hemoglobin having no oxygen carrying capacity. This leads to a compensatory decreased oxygen delivering
capacity, resulting in stimulation of erythropoiesis due to tissue hypoxia.

The group administered with 500 mg/kg of nicotine recorded a non - significant (P < 0.05) elevation in the level of
platelet count compared to control, However, the other groups studied, differed with a non - significant (P < 0.05)
reduction in the level of platelet count when compared with the control. There seem to be inconclusive and controversial
reports on the effect of nicotine on platelet count [24]. This elevated level of platelet seen in this study is consistent with
the findings of Sharif et al, [24] which reported a significant increase in platelet count amongst smokers. Nicotine have
been reported to cause vascular inflammation and injury with endothelial dysfunction. These are pivotal in the process
of thrombosis [25]. Platelets activation is an important mechanism in cardiovascular disease and progression [25].

Neutrophilia and eosinopenia were recorded for the experimental animal group administered with 200 mg/kg of
nicotine. These findings suggest that nicotine may have a potential to alter the pathophysiology associated with allergic
airways disease. This is in agreement with a recent study which reported that cigarette smoke led to alveolar
macrophage apoptosis and necrosis, both of which occurred to a greater extent when the exposure contained nicotine
[26].

5. Conclusion

From the foregoing, it can be concluded that chronic exposure of the studied doses of nicotine causes an increase in the
levels of packed cell volume, haemoglobin and platelet count. These alterations may predispose to hypercoagulable
state given the endothelial and vascular dysfunctional potentials of nicotine; which is a major risk factor for
cardiovascular disease progression. It can also be concluded that the ingestion of nicotine leads to neutrophilia and
eosinopenia; which highlights the potentials of nicotine as an airway proinflammatory agent.

Compliance with ethical standards

Disclosure of conflict of interest

All the authors, Sunday Ogbu Ojeka, Mpakaboari Tonye Bekinbo, Bestman Njoku and Ebibi Elizah Onwoke, declare that
there are no conflicts of interest / competing interests with publication of the manuscript / institution or product that
is mentioned in the manuscript.

Statement of ethical approval

The ethical approval for the present study was granted by the Research Ethics Committee of the Department of Human
Physiology, Faculty of Basic Medical Science, University of Port Harcourt, Nigeria.

Reference
[1]  GranaR, Benowitz N, Glantz SA. E-cigarettes: a scientific review. Circulation. 2014 May 13;129(19):1972-86.

[2] Huber GL, Mahajan VK. Successful smoking cessation. Disease Management & Health Outcomes. 2008
May;16:335-43.

[3] Konda M, Chinnala KM, Samineni L, Naznin Y, Avirneni ], Kondamalla KC. Formulation and characterization of
nicotine thin films for smoking cessation through buccal delivery. Research Journal of Pharmacy and Technology.
2016;9(12):2079-86.

[4] Mathieu-Kia A, Kellogg S, Butelman E, Kreek M. Nicotine addiction: insights from recent animal studies.
Psychopharmacology. 2002 Jul;162:102-18.

[5] World Health Organization . The Global Burden of Disease: Update. WHO Press 2008.

[6]  Yeung MC, Buncio AD. Leukocyte count, smoking, and lung function. The American journal of medicine. 1984 Jan
1;76(1):31-7.

354



World Journal of Biology Pharmacy and Health Sciences, 2024, 17(02), 350-355

Bain BJ, Rothwell M, Feher MD, Robinson R, Brown ], Sever PS. Acute changes in haematological parameters on
cessation of smoking. Journal of the Royal Society of Medicine. 1992 Feb;85(2):80-2.

Okamoto M, Kita T, Okuda H, Tanaka T, Nakashima T. Effects of aging on acute toxicity of nicotine in rats.
Pharmacology & toxicology. 1994 Jul;75(1):1-6.

National Research Council. Guidelines of the National Institute of Health (NIH) for care and use of
laboratory/research animals. [Retrieved in November, 2019 from:
https://www..ncbi.nlm.nih.gov/books/NBK54050/].

Swan GE, Lessov-Schlaggar CN. The effects of tobacco smoke and nicotine on cognition and the brain.
Neuropsychology review. 2007 Sep;17:259-73.

Howard G, Wagenknecht LE, Burke GL, Diez-Roux A, Evans GW, McGovern P, Nieto FJ, Tell GS, ARIC investigators,
ARIC Investigators. Cigarette smoking and progression of atherosclerosis: The Atherosclerosis Risk in
Communities (ARIC) Study. Jama. 1998 Jan 14;279(2):119-24.

Audrain-McGovern ], Benowitz NL. Cigarette smoking, nicotine, and body weight. Clinical Pharmacology &
Therapeutics. 2011 Jul;90(1):164-8.

Grebenstein PE, Thompson IE, Rowland NE. The effects of extended intravenous nicotine administration on body
weight and meal patterns in male Sprague-Dawley Rats. Psychopharmacology. 2013 Aug;228:359-66.

Audi SS, Abraham ME, Borker AS. Effect of cigarette smoke on body weight, food intake and reproductive organs
in adult albino rats. 2006, Ind. J. Exp. Biol. 44: 562 - 565

Cooke ], Bitterman H. Nicotine and angiogenesis: a new paradigm for tobacco-related diseases. Annals of
medicine. 2004 Jan 1;36(1):33-40.

Messner B, Bernhard D. Smoking and cardiovascular disease: mechanisms of endothelial dysfunction and early
atherogenesis. Arteriosclerosis, thrombosis, and vascular biology. 2014 Mar;34(3):509-15.

Shah RS, Cole JW. Smoking and stroke: the more you smoke the more you stroke. Expert review of cardiovascular
therapy. 2010 Jul 1;8(7):917-32.

BRAR S. Effect of smoking on red blood cells count, hemoglobin concentration and red cell indices. Group. 2014
Jan;31:40yrs.

Pedersen KM, Colak Y, Ellervik C, Hasselbalch HC, Bojesen SE, Nordestgaard BG. Smoking and increased white
and red blood cells: a mendelian randomization approach in the copenhagen general population study.
Arteriosclerosis, thrombosis, and vascular biology. 2019 May;39(5):965-77.

Alkhedaide AQ. Tobacco smoking causes secondary polycythemia and a mild leukocytosis among heavy smokers
in Taif City in Saudi Arabia. Saudi Journal of Biological Sciences. 2020 Jan 1;27(1):407-11.

Asgary S, Naderi GH, Ghannady A. Effects of cigarette smoke, nicotine and cotinine on red blood cell hemolysis
and their-SH capacity. Experimental & Clinical Cardiology. 2005;10(2):116.

Aldosari KH, Ahmad G, Al-Ghamdi S, Alsharif MH, Elamin AY, Musthafa M, Abbas MY, Alqarni AA, Alqudeebi SK,
Binsaqer AA, Al-Ghamdi H. The influence and impact of smoking on red blood cell morphology and buccal
microflora: A case-control study. Journal of Clinical Laboratory Analysis. 2020 Jun;34(6):e23212.

Pankaj ], Reena ], Mal KL, Ketan M. Effect of cigarette smoking on haematological parameters: comparison
between male smokers and non-smokers. 2014, IJSN.5(4): 740-743

Sharif S, Farasat T, Fatima N, Farooq A, Naz S. Effect of nicotine on hematology, lipid profile and liver enzymes in
adult male mice (Mus musculus). Adv Anim Vet Sci. 2014 Mar 26;2(0):1.

Chironi GN, Boulanger CM, Simon A, Dignat-George F, Freyssinet JM, Tedgui A. Endothelial microparticles in
diseases. Cell and tissue research. 2009 Jan;335:143-51.

Scott A, Lugg ST, Aldridge K, Lewis KE, Bowden A, Mahida RY, Grudzinska FS, Dosanjh D, Parekh D, Foronjy R,
Sapey E. Pro-inflammatory effects of e-cigarette vapour condensate on human alveolar macrophages. Thorax.
2018 Aug 18:thoraxjnl-2018.

355



