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INTRODUCTION

ABSTRACT

Background: Some of the effects of tobacco on man’s health are well documented in many
scientific reports. Whenever tobacco is used either in smoked or chewed form, nicotine is
absorbed by the lungs and oral cavity and is spontaneously moved into the bloodstream where it
iscirculated throughout the body system. Materials and Methods: Ten male Sprague-Dawley
rats were used for this investigation. The animals were randomly assigned into two groups, A
and B, of five animals each. The animals in group B (treatment group) were exposed to smoke
from a completely burnt 0.74 g leaf extract of Tobacco nicotiana, wrapped in 0.5 g of sterilized
cotton wool for 5 minutes three times daily (7 am, 10 am, and 1 pm). The animals in group A
(control group) were exposed to smoke from completely burnt 1.24 g of sterilized cotton wool
with the same parameters as observed with the treatment groups. The duration of exposure was
5 days. Three hours after the last exposure, all the animals were killed by cervical dislocation.
The heart, liver, lungs, kidney, and testes were carefully excised, blotted dry, and fixed in formol
saline for histological analysis using Hematoxylin and Eosin stain. Results: Using the light
microscope, it was observed that the histoarchitectural profiles of the studied organs in the
sections obtained from the control animals were well preserved. Histopathological observations
of the heart, liver, lungs, kidney, and testes in the treated animals showed a varying pattern
of histological alterations, and distortions such as mild edema and occasional destruction
of myocardial fibers, degeneration of the hepatocytes, reduction in the population of the
germ cells, enlargement of the alveoli, alveolar hemorrhage, shrinkage of the glomerulus and
glomerular hemorrhage were observed in the sections of the organs of the study of the animals
in the treatment group when compared with the control group, hence showing that the smoke
extract of Tobacco nicotiana has adverse and compromising effects on the heart, liver, lungs,
kidney, and testes of male Sprague-Dawley rats. Conclusion: From these observations, it can
be inferred that the exposure of male Sprague-Dawley rats to the smoke extract of Tobacco
nicotiana may be associated with structural damage of some vital organs.
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particles emitted during the combustion process, may
also interfere with several processes of the body system.?

Exposure to tobacco smoke has been recognized as a
significant contributor to mortality."? Out of the thousands
of chemical components of tobacco smoke, nicotine is not
the only one that can interfere with functions of the body
system. Nonspecific components of smoke, such as the
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The burning of tobacco generates approximately 4000
compounds. The smoke can be separated into gas and
particulate phases. The composition of the smoke delivered
to the smoker depends on the composition of tobacco
and how densely it is packed, the length of the column of
tobacco, the characteristics of the filter and the paper, the
temperature at which the tobacco is burned.*

Among the gaseous phase components are carbon
monoxide, carbon dioxide, nitrogen oxides, ammonia,
volatile nitrosamines, hydrogen cyanide, volatile sulfur
containing compounds, volatile hydrocarbons, alcohols
and aldehydes and ketones.* Some of these compounds
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inhibit ciliary movement in the lungs. Tar is the compound
in tobacco that remains after the moisture and nicotine
are subtracted and consists of polycyclic aromatic
hydrocarbons, which are carcinogens. Nonvolatile
nitrosamines and aromatic amines play an etiologic role
in bladder cancer. The actual content of nicotine in tobacco
can vary from 0.2 to 5%.*

Nicotine is the most abundant of the volatile alkaloids
in the tobacco leaf. Nicotine is a colorless and volatile
liquid alkaloid found in smoking and smokeless tobacco
which turns brown and acquires the odor of tobacco upon
exposure to air.* The alkaloid is water-soluble and forms
water-soluble salts. More than 24 billion packages of
cigarettes are purchased annually in the United States and
approximately 400,000 deaths are attributed to cigarette
smoking.*

Tobacco use leads most commonly to diseases affecting the
heart and lungs, with smoking being a major risk factor
for heart attacks, strokes, chronic obstructive pulmonary
disease (COPD), emphysema, and cancer (particularly lung
cancer, cancers of the larynx and mouth, and pancreatic
cancer).’ It also causes peripheral vascular disease and
hypertension, all developed due to the exposure time and
the level of dosage of tobacco. Furthermore, the earlier and
the higherlevel of tar contentin the tobacco-filled cigarettes
causes the greater risk of these diseases. Cigarettes sold in
developing nations tend to have higher tar content, and are
less likely to be filtered, potentially increasing vulnerability
to tobacco-related disease in these regions.’

The world health organization (WHO) estimates that
tobacco caused 5.4 million deaths in 2004° and 100 million
deaths over the course of the 20th century.” Similarly, the
United States Centers for Disease Control and Prevention
describes tobacco use as "the single most important
preventable risk to human health in developed countries
and an important cause of premature death worldwide.”®
Incidence of impotence is approximately 85% higher in
male smokers compared to nonsmokers® and is a key
factor causing erectile dysfunction (ED).”* With all of these
deleterious effects as reported by the WHO and the United
States Centers for Disease Control and Prevention, the aim
of this study was to investigate some of the toxic effects of
the smoke extract of Tobacco nicotiana on tissue histology
as a marker of toxicity on the organs of study.

MATERIALS AND METHODS

The sample of Tobacco nicotiana used was obtained from
the Botanical Garden of the University of Ilorin, Ilorin,
Kwara State, Nigeria. Botanical identification was done
at the Department of Plant Science University of Ilorin,
Nigeria. The leaves of the plant were air-dried under
standard laboratory conditions. The dried plant material
was weighed using Gallenkamp (FA2104A, England)

electronic weighing balance and 0.74 g of the plant sample
was later wrapped with 0.5 g of refined and sterilized
cotton wool.

This experimental investigation was done in accordance
with the standard humane animal care as outlined in
the “Guide for the care and use of Animals in research
and teaching,” as approved by the Institute of Laboratory
Animal Resource, National Research Council, DHHS, Pub.
No NIH 86-23.12

The study was carried out using 10 presumably healthy
male Sprague-Dawley rats weighing between 115 and 135.
All the animals were housed in clean cages of dimensions
33.0x20.5x19.0 cm placed in well-ventilated standard
housing conditions (12 hours light and 12 hours darkness,
temperature: 28-31°C; humidity: 50-55%).!® Their cages
were cleaned every day.

The rats were fed with standard rat chow ata recommended
dose of 100 g/kg as advised by the International Centre of
Diarrhoea Disease Research, Bangladesh (ICDDR, B) daily.
Drinking water was supplied ad libitum.

The 10 male Sprague-Dawley rats were randomly
assigned into two experimental groups; A and B. Animals
in group B (treatment group) were exposed to smoke
from a completely burnt 0.74 g leaf of Tobacco nicotiana
wrapped with 0.5 g of refined and sterilized cotton wool
for 5 minutes three times daily (7 am, 10 am, and 1 pm)
respectively. The animals in group A (control group) were
exposed to smoke from a completely burnt 1.24 g of cotton
wool for 5 minutes three times daily (7 am, 10 am, and
1 pm). The duration of investigation was 5 days (5 d).

Three hours after the termination of investigation, the
animals were Killed by cervical dislocation.'* The heart,
liver, kidney and testes were carefully excised from the
animals, rinsed in cold sucrose solution, and blotted dry
with filter paper. The liver, lungs, and heart were fixed in
separate specimen bottles containing 10% formol-saline
while the kidney and testes were quickly transferred into
a specimen bottle containing Bouin’s fluid. Thereafter, the
fixed specimens were removed from the fixatives in order
to process for further histological analysis.

Histological studies on the heart, liver, lungs, kidney, and
testes were done according to the procedures described
by Disbrey and Rack' and Drury and Wellington'¢ The
sections were subjected to Hematoxylin and Eosin staining
procedures and the histological examination was done with
the aid of the Olympus binocular light research microscope
(XSZ-107BN, No.071771). The histological outline of each
photomicrographs was conducted through a stereological
grid in order to access the population of the cells in each
organ. The permanent photomicrographs of each slide were
recorded with a Kodak Digital Camera (Kodak Easyshare
C183) for subsequent histological analysis.
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RESULTS

No morphological alterations were observed in the
morphology of the heart, liver, lungs, kidney, and testes
of the animals in both groups killed (3 hours) after the
termination of experimental procedure. The excised heart,
liver, lungs, kidney, and testes of the animals in both groups
appeared morphologically normal.

Histological assessment of the heart of the animals in the
treatment group (B) showed significant alteration in the
histological profile when compared with that of the animals
in the control group. The histological alteration seen in the
sections [Figure 1] of the heartin the treated group includes
mild edema and occasional loss of myocardial fibers.

There was an alteration in the histological profile of the
liver parenchyma of the animals in the treatment group.
There were several patterns of vacuolation in the liver

parenchyma. Also, using a stereological grid it was observed
that there was gradual death of the hepatocytes, fewer
populations of the sinusoidal lining cells, and degeneration
of the cells lining the bile ducts [Figures 2 and 3].

The histological outline of the lungs of the animals in the
treatment group revealed significant cytoarchitectural
alterations [Figure 4]. Though the smooth muscle layer of
the bronchi was preserved, yet the bronchi were occluded.
There was also enlargement of the alveoli, the alveolar sacs,
and alveolar hemorrhage.

The histological profile of the kidney section [Figures 2 and 3]
of the animals in the treated group exposed to the
smoke extract of Tobacco nicotiana showed significant
degenerative changes. In the renal cortex, the glomerulus
was observed to consist of interstitial glomerular
hemorrhage. There was also shrinkage of the glomerulus.
Stereological assessment of the cells lining the tubular and

Figure 1: The section of the heart of the animals in the treated group
with occasional destruction of myocardial fibers

Figure 2: The photomicrograph of the kidney section of the animals in
the treated group with varying distortion of the renal cortex

Figure 3: The photomicrograph of the liver of the treated animals
with degenerating hepatocytes with fewer population of the sinusoidal
lining cells

Figure 4: The section of the lungs of the animals in the treated group

with occlusion of the bronchi
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collecting system of the kidney displayed degenerating
cells.

Sections of the testes of the animals in the treatment group
[Figure 5] revealed histological disruption and cellular
derangement such as degeneration of the germ cells in
the seminiferous tubules and also the degeneration of
the leydig cells. Other effects such as cytoarchitectural
distortions and vacuolations are evident in the section of
the testes of the animals in the treatment group.

DISCUSSION

Several findings from scientific investigation on the
implications of Tobacco use on the brain of both man and
laboratory animals,'”?* have been published and a great
deal of resources and man power have been invested in
the eradication of the harmful effects of smoking on man’s
health. However there is dearth of scientific literature on
the effects of smoke extract of Tobacco nicotiana on the
histology of the heart, liver, lungs, kidney, and testes of male
Sprague-Dawley rats as a marker of toxicity.

In this investigation, we examined some of the effects of
the smoke extract of Tobacco nicotiana on the heart, liver,
lungs, kidney, and testes of male Sprague-Dawley rats.
From this investigation through the use of the Olympus
binocular light microscope (XSZ-107BN, NO. 071771), it
was observed that the smoke extract of Tobacco nicotiana
has adverse and severe effects on the histology of the heart,
liver, lungs, kidney, and testes of male Sprague-Dawley rats
when compared with the control animals.

Effects of exposure of the treated animals to the smoke
extract of Tobacco nicotiana on the lungs do not indicate
any specific pattern of toxicity. The massive enlargement of
the alveoli and alveolar hemorrhage could have occurred
as a result of direct toxicity or could have resulted from
transportation of toxic substances from other organs like
the liver and kidneys to the lungs.

The section of the liver, kidney, and testes [Figures 2-5
respectively] obtained from the treatment group (B)
has disrupted histological organization compared with
the control group. Some of the deleterious effects seen
in the section of the liver obtained from the treatment
group following the use of a stereological grid include
degeneration and disruption of the hepatocytes and also
the degeneration of the cells lining the bile ducts. With
these histological abnormalities, the functional integrity
of the liver could be compromised. It is known that the
hepatocytes play a vital role in the proper functioning of
the liver as the hepatocytes are the main functional cells of
the liver. The hepatocytes frequently contain glycogen and
the hepatocytes maintain a steady level of blood glucose.
This is one of the main sources of energy for use by the
body.?*> A compromise in the integrity of the hepatocytes

could lead to improper functioning of the liver. The tubular
structure of the renal cortex of the animals in the treatment
group exposed to the smoke extract of T. nicotiana showed
disruption in the histological makeup of the kidney. Varying
patterns of cellular degeneration were seen in the proximal
convoluted tubules which may compromise the functional
integrity of the proximal convoluted tubules. This
characteristic may lead to the retention of waste products
of metabolism and persistence of such abnormalities may
result in loss of the sensitive homeostatic mechanisms of
the kidney?! The abnormal histological alterations seen in
the testes of the animals in the treatment group include
degeneration and disruption of the germ cells lining the
seminiferous tubules and also the degeneration of the
leydig cells. Following the use of stereological grid, it was
observed that there was reduction in the population of the
germ cells in the histological profile of the testes obtained
from the treatment group compared with the control group.
The implication of this is that there is a reduction of viable
sperms which may lead to infertility.

In this study, the smoke extract of Tobacco nicotiana may
have acted indirectly through generation of high levels of
ROS or directly as toxin to the heart, liver, lungs, kidney,
and testes, thereby affecting their cellular and functional
integrity. In cellular necrosis, the rate of progression
depends on the severity of the insults. The greater the
severity of the insults the more rapid the progression of the
injury.?® The principle holds true for toxicological insult to
the brain and other organs.?* Thus, it can be inferred from
this result that the exposure of male Sprague-Dawley rats
to the smoke extract of Tobacco nicotiana resulted in toxic
effects on the studied organs.

This investigation confirmed that smoking Tobacco
nicotiana 5 min three times daily for 5 days has toxic and
disruptive interference on cellular integrity of the heart,
liver, lungs, kidney, and testes of male Sprague-Dawley
rats and by extension may adversely affect the functional
integrity of these organs. The heart, liver, lungs, kidney,
and testes of the animals in the control group (A) displayed
better histological features [Figures 6-10 respectively].
There were no degenerative and/or disruptive changes,
cellular hypertrophy in the sections of the heart, liver,
lungs, kidney, and testes obtained from the animals in the
control group.

CONCLUSION

The effects of smoking on human health are serious and
in many cases, deadly. Smoking is associated with higher
levels of chronic inflammation.

Data obtained from this study show that exposure to the
smoke extract of Tobacco nicotiana on the heart, liver,
lungs, kidney, and testes have deleterious effects on the
cytoarchitecture of these organs in male Sprague-Dawley
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Figure 5: Distortion and gradual reduction in the population of the
germ cells and the degeneration of the leydig cells in the seminiferous Figure 6: The photomicrograph of the lungs of the animals in the control
tubules of the animals in the treated group group with a preserved histological profile

Figure 7: The-well preserved histological outline of the liver of the Figure 8: Photomicrograph of the lungs of the animals in the control
animals in the control group group

Figure 9: The kidney of the animals in the control group with preserved Figure 10: Histological outline of the testes of the animals in the control
histological outlines group with a better histological outline
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rats. [t was observed in this investigation that the exposure
of male Sprague-Dawley rats to the smoke extract of
Tobacco nicotiana have the potentials of causing structural
damage to the histological profile of some vital organs.

Considering some of the effects of the smoke extract of
Tobacco nicotiana on the histological integrity of the heart,
liver, lungs, kidney, and testes in male Sprague-Dawley rats,
users (man) should be properly educated on the use of the
plant considering the negative impact it conferred on the
heart, lungs, kidney, liver, and testes in the treated animals
in this investigation.
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