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smoke induces hematological and histopathological alterations
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ABSTRACT

Tobacco smoking is a widely practiced recreational activity and is associated with numerous
health risks. Hence, the present study was conducted on Swiss albino mice to assess the
impact of an aqueous extract of tobacco and cigarette smoke on behavioral, hematological,
and histopathological parameters of the lungs, liver, and kidney. The mice were divided into
control, Tobacco nicotiana (TN), and cigarette smoke (CS) groups (n=6). The TN group received
aqueous tobacco orally at a dose of 5 ml/kg BW for 21 days, whereas the CS group was
exposed to inhalational commercial cigarette smoke for the same duration. On day 22, blood
samples and visceral organs were collected to evaluate hematological and histopathological
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parameters in euthanized mice. The total erythrocyte count was significantly elevated (P<0.05)
in both groups. In contrast to the control group, the total leukocyte count was lower in the CS
group (P>0.05) than in the TN group, but the hemoglobin showed no significant changes.
Lower body weight, aggressive behavior, and weakness were observed in the treated groups.
Histopathologically, the lung revealed emphysematous changes, alveolar septal thickening,
inflammatory cell infiltration, congestion, and thrombus formation in pulmonary artery. The
liver exhibited hepatocyte degeneration with karyomegaly and karyorrhexis, derangement of
the hepatic cords and sinusoids, and central vein congestion. Derangement of renal tubules,
edema, and glomerular degeneration were observed in the kidney. These observations lead us
to postulate that tobacco and cigarette smoke exert detrimental effects on the structure of

some vital organs in the body after direct or indirect uptake.

INTRODUCTION

Copyright: © by the authors. This

Tobacco smoking is a widely prevalent form of recreational drug being utilized either
directly or indirectly by over one billion people globally, of whom the majority live in
developing countries. The toxic nature of all tobacco products poses significant risks to
human health, with no safe level of exposure established. Cigarette smoking, the most
common method of tobacco consumption worldwide, contributes to a major global
public health crisis, causing over 8 million deaths annually, equivalent to
approximately one death every 6 seconds [1]. Additionally, secondhand smoking
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causes 1.2 million deaths each year [2].

The World Health Organization's Framework Convention on Tobacco Control, 2009,
defines tobacco products as those entirely or partially derived from the tobacco leaf,
intended for activities such as smoking, sucking, chewing, or snuffing [3]. Among those,
smoking is the most convenient method of tobacco consumption [4], with nicotine
being the most prominent and highly addictive phytochemical found in tobacco [5]. In
the case of cigarette smoking, the inhalation of heated aerosols containing active
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nicotine alkaloids allows their absorption into the small airways and alveoli of the
lungs and subsequent increase in blood concentration within 10 seconds, affecting vital
organs such as the heart, lungs, brain, and others that increase the risk of various
diseases [6]. Smoking also impacts individuals' overall well-being, financial status, and
those near to smokers. On average, a single cigarette contains approximately 2 mg of
absorbable nicotine [7]. Moreover, one gram of tobacco contains 4.4 to 25 milligrams of
nicotine [8]. The calculated lower limit for nicotine consumption in adults is estimated
to be 6.5-13 mg/kg [9]. However, high doses of nicotine can lead to poisoning, organ
failure, and respiratory muscle paralysis, with a lethal dosage of approximately 127
mg/kg in mice [10]. Nicotine from tobacco can be acquired through gas, gum, and
aqueous forms, with chewing gum delivering lower nicotine compared to cigarettes
[11]. The particulate phase of tobacco smoke contains carcinogens, ganglion stimulators
and depressors, tumor accelerators, and irritants, while the gas phase comprises
substances impairing oxygen transport and utilization, as well as carcinogens and
irritants [12].

The development of tobacco-related diseases is influenced by both exposure time and
dosage [13]. The detrimental effects of tobacco smoking on health can be categorized
into three main areas: lung diseases (e.g., chronic obstructive pulmonary disease
[COPD], pulmonary fibrosis, bronchitis, emphysema, and asthma) [14], malignancies
(specifically lung, oral, esophageal, stomach, pancreatic, colorectal, and bladder cancers)
[15], and cardiovascular diseases (including myocardial infarctions and cerebrovascular
accidents) [16]. Tobacco smoking also increases the risk of liver fibrosis and liver cancer
[17], as well as causes adverse effects on renal function, leading to chronic kidney
disease and renal cancer [18]. A single cigarette contains approximately 4,000 chemicals,
and upon inhalation, these substances generate reactive oxygen species (ROS) and
oxidative stress in lung tissue, resulting in emphysematous changes [19]. The
hepatotoxicity caused by cigarette chemicals induces oxidative stress in liver tissue,
activating stellate cells and leading to fibrosis [20]. The potential mechanism of kidney
damage associated with smoking involves increased blood pressure, alterations in
intra-renal hemodynamics, and activation of the renin-angiotensin system [21, 22] .

Despite the established health risks associated with tobacco smoke exposure in humans,
limited research has examined the effects of tobacco use in aqueous form on various
vital organs. Therefore, our study aims to investigate the detrimental effects of
continuous exposure to tobacco in aqueous and smoking forms on the lungs, liver, and
kidney in Swiss albino mice. We hypothesize that both forms of tobacco exposure
exhibit harmful effects on these organs.

MATERIALS AND METHODS
Ethical approval

This study was accomplished according to the institutional rules and regulations for
animal research, care, and use. The experimental procedure was approved by the
animal research ethical committee of the Faculty of Veterinary Medicine and Animal
Science (Reference no. FVMAS/ AREC/0028/2023).
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Study location

The study was conducted in collaboration with the laboratory of Anatomy & Histology
and Pathobiology of the faculty of Veterinary Medicine and Animal Science in
Bangabandhu Sheikh Mujibur Rahman Agricultural University, Bangladesh.

Animals

The experimental male Swiss albino mice were procured from the International Center
for Diarrheal Disease Research (icddr’b), Mohakhali, Dhaka, Bangladesh. According to
the registered veterinarian from the icddr'b, all the mice were in good condition and
free of any outward defects. After procurement, all the mice were kept under close
observation to acclimate to the new environment for a period of one week prior to the
commencement of the experiment. The designed Swiss albino mice were maintained on
a 12:12-h light and dark cycle with controlled temperature (70-740 °F) and humidity
(45-60%) at the animal facility of the faculty of veterinary medicine and animal science,
with access to water and mouse pellets ad libitum.

Preparation of an aqueous extract of tobacco

Tobacco and cigarettes were purchased from the local market in Bangladesh. Upon
procurement, the tobacco was air-dried at room temperature and subsequently ground
into a fine powder using a mortar and pestle. The fine powder was then sieved through
a mesh to eliminate any coarse particles. For the preparation of the tobacco solution, 5g
of the fine powder was mixed with 50 mL of distilled water and stirred using an electric
shaker at room temperature (25°C) for 10 minutes. The resulting mixture was filtered
using Whatman filter paper and stored in a refrigerator at 4°C for future use. The
dosage of the tobacco solution was determined based on the body weight of the mice.

Preparation of cigarette smoke

As per the manufacturer's specifications, each cigarette contains 1 mg of nicotine. To
facilitate the exposure of cigarette smoke, we constructed compact glass chambers
(dimensions: 45x30x30 cm) equipped with controlled negative airflow ventilation.
Additionally, control groups for cigarette smoke were exposed to ambient fresh air in a
controlled chamber.

Experimental approach

A total of 18 adult male Swiss albino mice, aged 5 weeks and weighing between 27 and
33 g, were selected as the animal model for this study. The initial body weights of all
mice were recorded prior to the initiation of the experiment. Throughout the study, the
body weight of each mouse was monitored weekly to ensure accurate adjustment of the
tobacco dosage. Body weight was evaluated on weeks 0 (days 0), 1, 2, and 3. The mice
were divided into three (3) experimental groups, with six mice in each group (n = 6).

The control (Cont) group received normal drinking water orally via syringe and was
exposed to fresh environmental air continuously for a duration of 21 days. The tobacco
nicotiana group (TN) received an aqueous extract of tobacco at a dose of 5 ml/kg BW
orally once daily via syringe. This treatment was carried out for a period of 21 days.
Prior to exposure to cigarette smoke, all mice in the cigarette smoke group (CS) were
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housed in glass chambers. They were then subjected to the inhalation of smoke from six
commercial cigarettes, twice daily (at 9:00 AM and 4:00 PM), for 10 minutes each
session. This exposure regimen was maintained for a duration of 21 days (Figure 1).

Tobacco nicotiana- ((xcr;))u p

Sml/kg BW

; l

Group
(TN)
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2times/Day, 10mins
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[ I | I
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Figure 1. Schematic diagram showing the administration of aqueous tobacco and cigarette smoke exposure in mice
for a period of 3 weeks.

Observation of behavioral changes

During the experiment, mice were closely monitored and watched to look for any
irregularities in their behavior. Body weight was measured using a digital balance, and
eye inspection was employed to track the mice's behavior towards one another, their
intake of food and water, and the condition of their coats. Following tobacco intake and
cigarette smoke, the nature and onset of effects, as well as any deaths were
meticulously documented by following a formula.

No.of affected mice of a particular group
= X

%

100

No.of total mice of that group

Collection of samples, hematological and morphological analyses

Following the final exposure to aqueous tobacco and cigarette smoke, each animal was
euthanized under the effects of xylazine and ketamine at a dose rate of 15 mg/kg
xylazine and 100 mg/kg ketamine intraperitoneally via commercial injection.
Subsequently, 2 mL of blood was collected from the cardiac puncture using a 5 mL
disposable syringe. The blood samples were used for the estimation of various blood
chemical parameters, including total erythrocyte count (TEC), total leukocyte count
(TLC), and hemoglobin percentage (Hb%). The number of red blood cells (RBC) and
white blood cells (WBC) were calculated based on the counted cells, where the RBC
count was multiplied by 1000 and expressed in millions per cubic mm, and the WBC
count was multiplied by 50 and expressed in thousands per cubic mm. Total
erythrocyte count (TEC), total leukocyte count (TLC), and hemoglobin percentage
(Hb%) were determined as per methods cited by Coffin (1955) [23].

Upon sacrificing each animal, the lungs, liver, and kidney were meticulously dissected
for histopathological examination. Following the collection of tissue samples measuring
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5 mm? from the appropriate organs, the samples were preserved in a 10% neutral buffer
formalin (NBF) for 48 hours. After that, the samples were washed in 10% phosphate
buffer solution for 3 hours and subjected to dehydration using a series of ascending
alcohol grades (70%, 80%, 90%, 95%, 100% for two hours each, and finally 100%
overnight). Following dehydration, the samples were cleared by xylene and embedded
in paraffin. The paraffin-embedded blocks were cut into 4 pm thick sections using a
rotary microtome. These sections were subsequently stained with Meyer's hematoxylin
and eosin (H&E). To protect the sections, a thin cover slip was attached to each slide
using a mounting medium called 'DPX'. Histopathological observations were made
using a Leica DM500 binocular microscope. All images were transferred to Adobe
Photoshop Elements 15 (Adobe Systems, CA, USA) where adjustments were made
solely to brightness and contrast.

Statistical analysis

Statistical analyses were conducted using Microsoft Excel (Microsoft Corp., Washington,
USA). Descriptive data are presented as the mean + SEM. A one-way ANOVA was
employed for statistical assessment. Statistical significance was determined at a
significance level of P<0.05.

RESULTS
Effects of tobacco extract and cigarette smoke on behavior modifications

Throughout the entire experimental period, the mice in the control group exhibited
normal health, vitality, and activity. In the TN group, mice exhibited aggressive
behavior, apathy, and weakness. Conversely, the CS group, exposed to cigarette smoke,
displayed signs of dissatisfaction, roughness of the hair coat, increased thirst, and
weakness. No instances of mortality were observed (Table 1).

Table 1. Behavioral changes in experimental animals.

Patterns of behavior (%) Control TN CS
Aggressive behavior 0 50 25
Apathy 0 75 75
Weakness 0 100 100
Thirsty 0 50 50
Rough hair coat 0 50 75
Mortality 0 0 0

Control, Tobacco Nicotiana (TN), and Cigarette Smoke (CS).

Effects of tobacco extract and cigarette smoke on body weight

The mean body weight of mice in the control group at the beginning and end of the
experiment was 32.16+0.30 g and 42.08+0.80 g, respectively (Table 2). Total body weight
was significantly (P<0.05) affected in the treated groups exposed to aqueous tobacco
and cigarette smoke. However, at the end of the experiment, the body weights of TN
and CS groups were measured accordingly, 40.33£0.42 g and 40.87+0.69 g, which were
lower than the control group (Table 2).
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Table 2. Effects of tobacco extract and cigarette smoke on body weight.

Groups 0 week (Day 0) 1st week 2rd week 3rd week
Control 32.166+0.307 36.058+1.422 39.403+1.224 42.083+0.800
TN 28.833+0.658 31.746+0.789 36.106+0.832 40.333+0.421
CS 29.353+0.993 33.076+1.140 37.228+1.067 40.871+0.692
P value 0.000* 0.000* 0.000* 0.000*

Body weight measurement (gm) among control, TN, and CS groups in mice. TN: Tobacco nicotiana (5ml/kg BW); CS: Cigarette smoke.
Each group contains six mice (n=6). Results represented in terms of Mean + SEM. Here, *= Statistically significant at 5% level (P<0.05).

Effects of tobacco extract and cigarette smoke on hematological parameters

The hematological parameters (TEC, TLC, and Hb) were assessed after a 21-day
treatment period. Following exposure to tobacco and cigarette smoke, the blood
parameters, especially TEC value, revealed negative results. In the Control group, the
mean TEC, TLC, and Hb% values were 3.80+0.09 million/mms3, 8.0+0.12 thousand/mmb3,
and 13.08+0.20 g/dL, respectively. However, exposure to tobacco and cigarette smoke
significantly increased (P<0.05) TEC values in the TN and CS groups than the control
group and the values were 8.80+0.45 million/ mm?® and 8.55+0.39 million/ mm?,
respectively. However, the TLC value was lower in the CS group (3.81+0.27 thousand/
mm?) than to the TN group (9.46+2.13 thousand/ mm?). The mean Hb% values in the
TN and CS groups were 12.31+0.55 g/dL and 11.68+ 0.41 g/dL, which showed no
significant changes compared to the control group (Figure 2).
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Figure 2. Effects of tobacco and cigarette smoke on hematological parameters in mice. A: TEC (Total erythrocyte
count); B: TLC (Total leucocyte count); C: Hb% (Hemoglobin percentage). Cont: Control; TN: Tobacco nicotiana; CS:
Cigarette smoke group. Each group contains six mice (n=6). Results represented in terms of Mean + SEM. Here, *=
Statistically significant at 5% level (P<0.05).

Effects of tobacco extract and cigarette smoke on lung parenchyma

The histology of lung tissues in the control group exhibited normal alveoli and alveolar
ducts lined by pulmonary pneumocytes (Figure 3A). However, in the treated group,
significant alterations were observed upon microscopic examination, including the
disruption of pulmonary parenchymal architecture characterized by enlarged air spaces
with the development of emphysematous changes, alveolar septal thickening, and
infiltration of inflammatory cells in the TN group (Figure 3B-C). Additionally,
distortion of bronchiolar smooth muscle with congestion, thrombus formation in the
pulmonary artery, and thick alveolar septa were observed in the CS group (Figure 3D-
E).
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Figure 3. Effects of tobacco and cigarette smoke on histopathology of lung in mice. Cont: Control; TN: Tobacco
nicotiana; CS: Cigarette smoke group. Each group contains six mice (n=6). A: Section of lung of control mice
showing normal histology. B, C: TN group showing emphysematous change (red arrow), thickening of alveolar
septa, and infiltration of inflammatory cells (black arrowhead). D, E: CS group also showing alveolar septal
thickening, distortion of bronchiolar smooth muscle and congestion (green arrows), and thrombus formation in
pulmonary artery (black arrow). Scale bar: 50um. Stain: Hematoxylin and Eosin (H&E).

Effects of tobacco extract and cigarette smoke on liver parenchyma

The histological examination of the liver parenchyma in the control group revealed a
normal hepatic lobule structure, characterized by a centrally located central vein and
well-organized hepatic cords formed by radiating hepatocytes, along with intact
sinusoids (Figure 4A). However, the treated groups exhibited certain alterations. In the
TN group, microscopic observation revealed hepatocyte degeneration accompanied by
an increase in nuclear size (karyomegaly) and nuclear karyorrhexis (Figure 4B-C).
Conversely, the CS group exhibited disruption of hepatic cords and irregular sinusoidal
structures and dilatation of the central vein with congestion (Figure 4D-E).

Figure 4. Effects of tobacco and cigarette smoke on histopathology of liver in mice. Cont: Control; TN: Tobacco
nicotiana; CS: Cigarette smoke group. Each group contains six mice (n=6). A: Section of liver of control mice
showing normal histology. B, C: TN group showing karyomegaly and karyorrhexis (highlighted in black box). D, E:
CS group showing disruption of hepatic cords and unusual sinusoids (red arrow), central vein dilatation with
congestion (black arrow). CV: Central Vein. Scale bar: 50pm. Stain: Hematoxylin and Eosin (H&E).
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Effects of tobacco extract and cigarette smoke on kidney parenchyma

The histological analysis of the kidney parenchyma in the control group revealed well-
organized renal corpuscles characterized by densely packed, rounded glomeruli. These
glomeruli were surrounded by double-walled epithelial Bowman's capsules, and the
proximal convoluted tubules and distal convoluted tubules exhibited a well-structured
appearance (Figure 5A). In contrast, the TN group displayed a range of histological
alterations, including the disruption of renal tubules and the presence of interstitial
edema, which affected the separation of the tubules (Figure 5B). Whereas the CS group
showed disorganization and degeneration of the glomeruli (Figure 5C), an increased
number of swollen endothelial cells were observed, resulting in the occlusion of
capillary lumens. As a result, the swollen capillary tufts completely obliterated
Bowman's space (Figure 5D).

Figure 5. Effects of tobacco and cigarette smoke on histopathology of kidney in mice. Cont: Control; TN: Tobacco
nicotiana; CS: Cigarette smoke group. Each group contains six mice (n=6). A: Section of kidney of control mice
showing normal histology. B: TN group showing edema in the interstitial tissues (black arrow). C, D: CS group
showing disorganized renal corpuscles (C) and obliterated Bowman'’s space with unusual glomerular architecture
(D). G: Glomerulus. Scale bar: A, B, C: 50um; D: 20um. Stain: Hematoxylin and Eosin (H&E).

DISCUSSION

In this study, we observed noxious effects of aqueous extracts of tobacco and CS on
behavioral, hematological, and pathological changes in the lungs, liver, and kidney of
Swiss albino mice. Tobacco refers to the processed leaves of the Nicotiana tabaccum plant,
which is widely cultivated and consumed worldwide through smoking, chewing,
snuffing, or dipping [24]. CS is known to contain harmful chemicals that are toxic and
carcinogenic, making it a significant risk factor for various diseases [25]. Exposure to
tobacco and cigarette smoke is strongly linked to the development of several diseases in
lungs, such as lung cancer, chronic obstructive pulmonary disease, and pulmonary
fibrosis [26]. Additionally, tobacco smoking has negative impacts on liver and kidney
function, leading to hepatotoxicity, hepatic fibrosis, hepatic cancer (hepatocellular
carcinoma), renal cancer, and chronic kidney diseases [27, 12].
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Smoking is a leading cause of morbidity and mortality worldwide, and it has
detrimental effects on health [28]. Both smoking and being underweight have
significant negative impacts on overall well-being. Tobacco consumption has been
found to acutely increase energy expenditure, leading to a decrease in appetite [29]. In
our study, body weight measurement was found to be lower among the tobacco and
cigarette smoking groups. Previous studies have indicated that cigarette smokers tend
to have a lower body weight compared to nonsmokers due to an increasing metabolic
rate and decreasing caloric absorption [30]. Williamson et al. (1991) [31] reported that
smokers have lower body weights, or body mass index (BMIL in kg/m?), than
nonsmokers.

When people use smokeless tobacco, the main phytochemical nicotine remains in their
blood longer than when they smoke. The level of nicotine remains in the blood depends
on the amount of nicotine in the smokeless tobacco products and with their pH [32]. In
our study, hematology results indicated a significant increase in TEC in the TN and CS
groups compared to the control group (P<0.05). However, TLC values were lower in CS
group than to the TN group. Although the mean value of Hb% did not show any
significant changes. According to previous study, aqueous extracts of Nicotiana tabacum
increased the values of RBC, Hb, and hematocrit but did not significantly affect mean
corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin
concentration compared to the control [33]. Although consumption of aqueous extract
of tobacco decreased the value of RBC, hematocrite, and Hb than normal range in
albino rats, it suggested the advancement of anemia [24].

Cigarette smoking leads to various diseases due to its high concentration of harmful
and carcinogenic substances [34]. Specifically, it is directly linked to the development of
fatal lung diseases. Our study revealed that exposure to tobacco and cigarette smoke
resulted in damage to the alveoli of the lungs that led to emphysematous changes.
Previous research has consistently highlighted cigarette smoke as a major risk factor for
the development of emphysema, a key component of COPD. Cigarette smoke induces
the destruction of alveolar cells and triggers oxidative stress and arylation processes,
which are known to contribute to the development of emphysema [35]. Studies have
also demonstrated that exposure to tobacco smoke for extended periods can lead to
alveolar destruction, epithelial proliferation, increased alveolar macrophages,
thickening of the vascular wall, and congestion [36]. Moreover, exposure to cigarette
smoke and polyhexamethylene guanidine caused severe lung injury with inflammation
and subsequent fibrosis [26].

Cigarette smoking also causes structural changes to the liver and kidneys. It induces the
synthesis of ROS, leading to cellular damage in the liver [37]. In this study, liver
showed degeneration of hepatocytes, disruption of hepatic cords, abnormal sinusoids,
and central vein dilatation with congestion in treated groups. Hepatocytes are vital
functional cells in the liver responsible for maintaining blood glucose levels and energy
production. Damage to hepatocytes, as evidenced by increased nuclear size and nuclear
fragmentation, affects liver function [13]. Similar studies have reported degeneration,
apoptosis of hepatocytes, reduced sinusoidal lining cells, inflammation in the central
vein, and vacuolation in the hepatic parenchyma due to tobacco smoking [13,24].
Nicotine administration in mice provokes hepatocyte swelling, and perivascular
infiltration of inflammatory cells [38]. Although we did not assess oxidative and
inflammatory stress markers in this experiment, earlier studies have shown that the use
of cigarette smoke leads to elevated pro-inflammatory and oxidative markers in the
brain regions of rats [39].
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The kidney is a vital organ responsible for regulating the body's water and salt balance
and eliminating foreign substances from the blood. Our study showed exposure to
tobacco and cigarette smoke caused derangement of renal tubules, interstitial tissue
edema, glomerular degeneration, and obliterated Bowman's space in treated groups.
Previous studies have shown that inhalation of cigarette smoke results in renal tissue
necrosis and cortical vascular congestion [38, 40]. The proximal convoluted tubules
showed severe cellular degradation, potentially affecting their structural integrity [13].
Smoking-induced renal damage occurs through acute hemodynamic changes such as
increased blood pressure, intraglomerular pressure, and endothelial cell dysfunction
[21]. Activation of the sympathetic nerve and the renin-angiotensin system also plays a
potential role in renal damage due to smoking [22].

Chronic exposure to cigarette smoke induces systemic oxidative stress, resulting in the
production of profibrotic factors. DNA damage markers were found to be significantly
higher in the heart, liver, and lungs of rats exposed to cigarette smoke [41]. Although
earlier studies have observed harmful effects of cigarette smoking in various organs of
individuals, this study was performed to know the deleterious effects of consumption
of aqueous tobacco and passive smoking in vital organs of the body. Further research is
needed to investigate the different dose-dependent effects of aqueous tobacco. We used
Swiss albino mice in this research because mice are considered as mimic animals with
physiological similarities to humans.

CONCLUSION

In comparison to cigarette smoke, tobacco has some medicinal potential, but this study
provides helpful information about the detrimental effects of aqueous tobacco and
passive smoking in Swiss albino mice that showed a significant increase in red blood
cell counts, weakened mice, and histological changes in the lungs, liver, and kidney.
This research finding suggests that we should be cautious about the usage of tobacco,
either in aqueous or smoking form.
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