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INTRODUCTION 

Cigarette smoking is considered the most prevalent type of substance 

dependence, causing serious public health-related problems worldwide. Nicotine is 

the main chemical substance in cigarettes with cognitive-enhancing effects that make 

it hard to quit smoking (Valentine and Sofuoglu, 2018; Fowler et al., 2020). Many 

brain imaging reports have shown activation of the brain centers responsible for 

attention and working memory performance after nicotine exposure (Rose et al., 

2003). Nicotine also acts as an agonist in presynaptic nicotinic acetylcholine 

receptors, thus facilitating the synaptic release of several neurotransmitters (Singer et 

al., 2004).  
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Background: Cigarette smoking is a public health problem worldwide. 

Nicotine content in cigarettes causes dependence and many diseases. 

Olfactory bulb neurons are damaged early in neurodegenerative diseases. 

Aim of the work: to demonstrate effects of nicotine administration on 

the structure of mitral cells of olfactory bulbs in growing rats, and the 

outcome of nicotine withdrawal. Materials and Methods: 24 pregnant 

rats were randomly equally divided into two groups; a control group 

received no treatment, and a treated group received nicotine 6 mg/kg 

body weight/day subcutaneously daily from gestational day 8 until 

postnatal day 21. Six male offspring rats in each group at ages of 

newborn, 10 days, 21 days, and 2 months were included in this study. On 

the postnatal day 21, six male offspring rats were sacrificed, and another 

six rats were allowed to survive without any treatment until the age of 2 

months and considered as the recovery group. Olfactory bulbs were 

dissected, fixed, and processed for light and transmission electron 

microscopy. Results: olfactory bulbs in all ages of the treated group had 

neuropil vacuolations in several layers. Mitral cells were degenerating 

with shrunken nuclei, nuclear membrane indentations, cytoplasmic and 

mitochondrial vacuolization, and lipofuscin granules as compared to the 

control. Neurodegenerative changes increased with increasing the age of 

rats and showed widened perinuclear spaces and swollen irregular axons 

with splitting of myelin sheaths at postnatal day 21 as compared to the 

control. Upon nicotine withdrawal, the structure of olfactory bulbs 

returned to normal features. Conclusion: Nicotine induced 

neurodegenerative changes in mitral cells. Recovery of mitral cells to 

normal occurred upon nicotine withdrawal. 
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These receptors are involved in 

the regulation of nicotine rewarding 

properties, development of nicotine 

dependence, and effects of its 

withdrawal (Fowler et al., 2008). On 

the other hand, previous researchers 

reported the cytotoxic effects of 

nicotine, and that maternal exposure to 

nicotine leads to several deleterious 

effects in the fetus (Wong et al., 2015). 

Nicotine also accumulates in breast 

milk, thus leading to significant tissue 

damage in the suckling pups (Wong et 

al., 2015). Furthermore, the exposure to 

nicotine during pregnancy carries 

significant risks including fetal growth 

retardation, preterm rupture of 

membranes and increased perinatal 

mortality (Nemati et al., 2021). 

Olfaction is one of the special 

senses that are jeopardized by exposure 

to neurotoxic chemicals. The olfactory 

bulb is the first relay center of olfactory 

information in the mammalian central 

nervous system (Imamura et al., 2020). 

In the olfactory bulb, axons of the 

olfactory nerve form synapses with 

dendrites of projection neurons that 

transmit the olfactory information to the 

olfactory cortex. The olfactory neurons 

are capable of neurogenesis 

(Kouremenou et al., 2020; Durante et 

al., 2020). Olfactory bulb projection 

neurons have been classified into two 

populations, mitral cells and tufted 

cells. The size of mitral cell somata 

(20–25 mm) is much larger than that of 

tufted cells (10–20 mm). Cell bodies of 

these neurons are located within 

specific layers of the olfactory bulb; the 

mitral cells are in the mitral cell layer (a 

single-cell layer) while the tufted cells 

are found in the external plexiform 

layer (Imamura et al., 2020).  

Many in vivo and in vitro studies 

postulated that nicotine might be 

neuroprotective for neuronal 

populations submitted to toxic or 

ischemic insults (Chambers et al., 2013; 

Iwamoto et al., 2013; Yang et al., 

2019). However, several previous 

studies have highlighted the brain-

damaging properties of nicotine in 

different cerebral regions (Chen et al., 

2003). To our knowledge, the structural 

and ultrastructural effects of nicotine 

and its withdrawal on the olfactory 

mitral cells were scantly studied before.  

Therefore, the current study is 

designed to demonstrate the effects of 

nicotine administration during 

pregnancy and lactation on the structure 

of the mitral cells of the olfactory bulb 

in the growing rats. We also 

investigated whether the withdrawal of 

nicotine would change the outcome or 

not? 

MATERIALS AND METHODS 

Chemicals: 

Nicotine: Synonyms 3-(1-

Methyl-2-pyrrolidinyl) pyridine, (S)-(-)-

Nicotine 100% concentration (Cat. No. 

109535, Product number: 8208770025, 

glass bottle (25 ml) was obtained from 

Merck KGaA Frankfurter Str. 250, 

64293 Darmstadt Germany. 

Animals: 

A total of 24 healthy adult 

females (3 months aged weighing 180-

200 gm), and 12 adult males (3 months 

aged weighing 200-250 gm) albino rats 

were obtained from the animal house, 

Faculty of Medicine, Assiut University, 

Assiut, Egypt. Rats were kept in metal 

cages under controlled room 

temperature with a 12 h light/dark cycle 

during the research period. Food 

(standard rat chow) and water were 

available ad libitum. This experimental 

study was fully approved by the Local 

Ethical Committee and by the 

Institutional Review Board of Faculty 

of Medicine, Assiut University and was 

carried out in accordance with relevant 

guidelines and regulations of the 

Animal Care Guidelines of the National 

Institutes of Health. The experimental 

procedures affirm that all animals 

received humane care and appropriate 

measures were taken to minimize 

animal pain or discomfort.  

Experimental Design: 

The female rats were mated with 

males overnight, and the presence of a 
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vaginal plug that contains sperms was 

recorded as gestational day zero. 24 

pregnant rats were singly housed, and 

randomly and equally divided into two 

groups; a control group received no 

treatment, and a treated group received 

nicotine (6 mg/kg body weight/day, 

subcutaneously, dissolved in normal 

saline) from the gestational day 8 

through parturition and lactation until 

weaning at postnatal day 21. The 

administration of this dose in rats 

simulated the plasma nicotine levels 

found in heavy smokers (Matta et al., 

2007). Six male offspring rats from 

each group were included in this study 

at the ages of newborn, 10 days, 21 

days, and 2 months. On the postnatal 

day 21, the six male offspring rats were 

sacrificed, and another six male 

offspring rats were allowed to survive 

without any treatment until the age of 2 

months and were considered as the 

recovery group. The research period 

continued until the offspring's age of 2 

months. Rats were anaesthetized by 

ether inhalation and subjected to 

intracardiac perfusion of normal saline 

0.9% Na Cl into the left ventricle, then 

euthanized by cervical dislocation for 

tissue specimen collection. Brain 

specimens were extracted from the rats, 

and the olfactory bulb was dissected, 

and coronal sections were made at the 

mid-point of olfactory bulbs for 

histological studies. 

Light Microscopic Study:  

Six olfactory bulb specimens 

from each age group were fixed in 10% 

neutral-buffered formalin, dehydrated, 

and then cleared in xylene and 

embedded in paraffin. 5-micron thick 

serial sections were prepared. The 

sections were stained with Hematoxylin 

& Eosin stain according to a previous 

protocol (Suvarna et al., 2019). 

Randomly selected stained slides were 

examined with an Olympus CX41 

microscope, and photos were taken by 

an Olympus DP72 CCD digital camera 

(Olympus Corporation, Tokyo, Japan) 

attached to the microscope at the 

Human Anatomy and Embryology 

Department, Faculty of Medicine, 

Assiut University, Egypt. 

Electron Microscopic Study:  

Olfactory bulb specimens of six 

rats from each age group were fixed in 

2.5% glutaraldehyde in sodium 

cacodylate buffer at pH 1.5 for 24 hours 

and then post-fixed in 1% osmium 

tetroxide for one hour (Kuo, 2014). The 

fixative was then washed out by 

distilled water and dehydration series 

were done. The specimens were 

embedded in fresh resin and incubated 

overnight at 60ºC. Semithin sections 

(one-micron thickness) were cut, 

stained with toluidine blue, and 

examined by light microscopy. 

Ultrathin sections (450–500 Aº) from 

selected areas were contrasted and 

stained with an alcoholic solution of 

uranyl acetate followed by aqueous lead 

citrate (Kuo, 2014), examined, and 

photographed by the transmission 

electron microscope (TEM) (JEOL Ltd. 

E.M.-100 CX11; Tokyo, Japan) at the 

Assiut University Electron Microscopy 

Unit, Egypt. 

RESULTS  

Effects of Nicotine on The 

Histopathological Features of 

Olfactory Bulbs of Newborn Rats: 

The histological examination of 

the olfactory bulbs in the newborn 

control group shows the normal 

cytoarchitecture which is formed of six 

layers of the olfactory bulb from 

superficial to deep: olfactory nerve 

layer (ONL), glomerular layer (GL), 

external plexiform layer (EPL), mitral 

cell layer (MCL), internal plexiform 

layer (IPL), and granular cell layer 

(GCL) (Fig. 1A). The semithin sections 

show the mitral cells somata as a single 

row located within the MCL. Mitral 

cells have abundant cytoplasm and 

lightly stained basophilic vesicular 

nuclei with prominent nucleoli (Fig. 

1B). In addition, numerous granule cells 

somata make up most of the cells in the 

MCL. The transmission electron 

microscopy shows healthy mitral cells 

with rounded euchromatic nuclei. The 

surrounding cytoplasm is rich in 
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organelles and has many mitochondria, 

free ribosomes, and rough endoplasmic 

reticulum (Fig. 1C).  

In the newborn-treated group, 

the olfactory bulbs show widened 

intercellular spaces and vacuolations are 

present in the neuropil of the ONL and 

EPL (Fig. 2A). Semithin sections reveal 

the MCL containing mitral cells with 

large vesicular nuclei and prominent 

nucleoli. The intercellular spaces appear 

widened compared to the control group. 

Some mitral cells are degenerating and 

appear very lightly stained (Fig. 2B). 

Using the transmission electron 

microscope indicates the presence of 

degenerating mitral cells with irregular 

electron-dense nuclei and many 

indentations at the nuclear membrane. 

The surrounding cytoplasm is rarified 

and has a few organelles, damaged and 

vacuolated mitochondria, and lipofuscin 

granules that make agglomerations. 

Many vacuolations appear in the 

cytoplasm of the mitral cells, and 

lysosomes are seen, in addition to a few 

free ribosomes and diminished rough 

endoplasmic reticulum cisternae (Fig. 

2C). 

Effects of Nicotine on The 

Histopathological Features of 

Olfactory Bulbs of 10-Day-Old Rats: 

Light microscopy of the 

olfactory bulbs in the 10-day-old 

control group shows a healthy normal 

appearance of the layers of the olfactory 

bulb from the superficial olfactory 

nerve layer (ONL) to the deep granular 

cell layer (GCL) (Fig. 3A). The 

toluidine blue-stained semithin sections 

reveal healthy mitral cells with rich 

cytoplasm and large lightly stained 

basophilic nuclei that lie in the mitral 

cell layer (MCL) (Fig. 3B). Electron 

microscopic examination of the mitral 

cells demonstrates rounded euchromatic 

nuclei, and the surrounding cytoplasm 

has many mitochondria, free ribosomes, 

and rough endoplasmic reticulum 

cisternae (Fig. 3C). 

In the 10-day-old treated group, 

the structure of the olfactory bulbs 

indicates the presence of many 

vacuolations, evident in the neuropil of 

the ONL and GCL (Fig. 4A). Semithin 

sections show the mitral cells with 

darkly stained somata, and some of the 

mitral cells appear shrunken. 

Vacuolization and increased 

intercellular spaces are seen in the 

layers of the olfactory bulb (Fig. 4B). 

The ultrastructural study of the MCL 

indicates the presence of markedly 

damaged mitral cells with shrunken 

condensed nuclei with indentation of 

the nuclear membrane. The cytoplasm 

is rarified with severely destroyed 

organelles, leaving few damaged 

mitochondria, and lipofuscin granules 

that form agglomerations. Many 

vacuolations appear in the cytoplasm 

with a few free ribosomes, lysosomes, 

and scarce rough endoplasmic reticulum 

(Fig. 4C). 

Effects of Nicotine on The 

Histopathological Features of 

Olfactory Bulbs Of 21-Day-Old Rats: 

Microscopic examination of 

olfactory bulbs in the 21-day-old 

control group demonstrates the normal 

architecture of the layers of the 

olfactory bulb. There is an apparent 

increase in the thickness of all layers 

from the olfactory nerve layer (ONL) to 

the granular cell layer (GCL) as 

compared to the newborn control group 

(Fig. 5A). The mitral cells are healthy 

and appear as the largest cells seen in 

the mitral cell layer (MCL) (Fig. 5B). 

The ultrastructure of the mitral cell 

reveals a rounded euchromatic nucleus 

and prominent nucleolus. The 

surrounding cytoplasm has many 

mitochondria, plenty of free ribosomes 

and rough endoplasmic reticulum. 

Normal axons are seen covered with 

intact darkly stained myelin sheaths 

(Fig. 5C). 

In the 21-day-old treated group, 

the olfactory bulbs show many 

vacuolations in the neuropil of ONL 

and external plexiform layers (EPL) 

(Fig. 6A). The degenerating mitral cells 

are darkly stained and have pyknotic 

nuclei. Increased intercellular spaces, 

vacuolations and engorged blood 
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vessels are also evident in the MCL and 

GCL (Fig. 6B). Ultrathin sections show 

damaged mitral cells with shrunken 

irregular heterochromatic nuclei and 

widened perinuclear spaces. 

Cytoplasmic organelles are scanty with 

marked vacuolization. Vacuolated 

mitochondria, lysosomes, and 

lipofuscin granules are observed. 

Swollen irregular axons are seen with 

splitting, corrugation, and irregularity of 

the surrounding myelin sheaths (Fig. 

6C). 

Effects of Nicotine Withdrawal on 

The Histopathological Features of 

Olfactory Bulbs of The Recovery 2-

Month-Old Rats: 

In the 2-month-old rats of the 

control group, the histology of the 

olfactory bulbs shows healthy normal 

features of its six layers with increased 

thickness of its layers as compared to 

the 21-day-old rats (Fig. 7A). Semithin 

sections reveal well-developed mitral 

neurons having lightly stained vesicular 

nuclei located in the mitral cell layer 

(MCL). The mitral cell axon is covered 

by a myelin sheath which was lost 

during preparation leaving an empty 

space. The axon passes through the 

internal plexiform layer (IPL) to reach 

the granular cell layer (GCL). Primary 

dendrite is also evidently extending in 

the inner layer of the external plexiform 

layer (EPL) (Fig. 7B). TEM 

demonstrates mitral cells with 

euchromatic nuclei, prominent nucleoli, 

and rich cytoplasm containing many 

mitochondria, free ribosomes, and 

rough endoplasmic reticulum (Fig. 7C). 

In the recovery 2-month-old 

rats, the microscopic findings indicate a 

return to the normal histology of the 

olfactory bulb. A healthy appearance of 

the 6 layers of the olfactory bulb is 

observed (Fig. 8A). However, a very 

few of the mitral cells are small-sized 

and darkly stained (Fig. 8B). The 

ultrastructural study indicates normal 

mitral cells with oval euchromatic 

nuclei, peripheral heterochromatin, and 

abundant cytoplasm rich in many 

healthy organelles (Fig. 8C). 
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Fig. 1 [A-C]: Photomicrographs of rats’ olfactory bulb sections of newborn control group. [A]: 

Showing layers of the olfactory bulb, from superficial to deep: olfactory nerve layer (ONL), 

glomerular layer (GL), external plexiform layer (EPL), mitral cell layer (MCL), internal plexiform 

layer (IPL), and granular cell layer (GCL). (H&E, ×100). [B]: A semithin section showing the mitral 

cells (arrows) having abundant cytoplasm and large lightly stained vesicular nuclei with prominent 

nucleoli located in the MCL. (Toluidine blue, ×1000). [C]: A transmission electron micrograph 

showing a mitral cell with rounded euchromatic nucleus (N). The surrounding cytoplasm has many 

mitochondria (M), free ribosomes (R) and rough endoplasmic reticulum (rER). (Uranyl acetate and 

Lead citrate, ×10000). 

 
Fig. 2 [A-C]: Photomicrographs of rats’ olfactory bulb sections of newborn treated group. [A]: 

Showing layers of the olfactory bulb, from superficial to deep: olfactory nerve layer (ONL), 

glomerular layer (GL), external plexiform layer (EPL), mitral cell layer (MCL), internal plexiform 

layer (IPL), and granular cell layer (GCL). The neuropil shows vacuolar spaces (*) at the ONL and 

EPL. (H&E, ×100). [B]: A semithin section showing the mitral cells (arrows) having large vesicular 

nuclei with prominent nucleoli located in the MCL. Some mitral cells appear very lightly stained 

(dotted arrow) (Toluidine blue, ×1000). [C]: A transmission electron micrograph showing 

degenerating mitral cell with irregular electron-dense nucleus (N) and many indentations at the nuclear 

membrane (indented arrows) are seen. The surrounding cytoplasm has scarcity of organelles, few 

damaged mitochondria (M), vacuolated mitochondria (VM), and lipofuscin granules (thick arrows) 

forming agglomerations. Many vacuolations (V) appear in the cytoplasm with lysosomes (L), few free 

ribosomes (R) and rough endoplasmic reticulum (rER). (Uranyl acetate and Lead citrate, ×10000). 
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Fig. 3 [A-C]: Photomicrographs of rats’ olfactory bulb sections of 10-day-old control group. [A]: 

Showing healthy appearance of the layers of the olfactory bulb. (H&E, ×100). [B]: A semithin section 

showing the mitral cells (arrows) having rich cytoplasm and large lightly stained basophilic vesicular 

nuclei located in the MCL. (Toluidine blue, ×1000). [C]: A transmission electron micrograph showing 

a mitral cell with rounded euchromatic nucleus (N). The surrounding cytoplasm has many 

mitochondria (M), free ribosomes (R) and rough endoplasmic reticulum (rER). (Uranyl acetate and 

Lead citrate, ×10000). 

Fig. 4 [A-C]: Photomicrographs of rats’ olfactory bulb sections of 10-day-old treated group. [A]: 

Showing the layers of the olfactory bulb. Vacuolations (V) are seen in the neuropil of olfactory nerve 

layer (ONL) and the granular cell layer (GCL). (H&E, ×100). [B]: A semithin section showing the 

external plexiform layer (EPL), mitral cell layer (MCL), internal plexiform layer (IPL), and granular 

cell layer (GCL). MCL has darkly stained mitral cells (arrows), and some of the mitral cells appear 

shrunken (indented arrow). Many vacuolations (V) are seen in the layers of the olfactory bulb. 

(Toluidine blue, ×1000). [C]: A transmission electron micrograph showing a markedly damaged mitral 

cell has shrunken condensed nucleus (N) with aggregated heterochromatin, and rarified cytoplasm with 

scarcity of organelles, few damaged mitochondria (M), lipofuscin granules (thick arrows) forming 

agglomerations. Many vacuolations (V) appear in the cytoplasm with a few free ribosomes (R), 

lysosomes (L) and rough endoplasmic reticulum (rER). A part of another cell is seen with indentation 

of the nuclear membrane (indented arrow). (Uranyl acetate and Lead citrate, ×10000). 
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Fig. 5 [A-C]: Photomicrographs of rats’ olfactory bulb sections of 21-day-old control group. [A]: 

Showing normal cytoarchitecture of the layers of the olfactory bulb, from the superficial olfactory 

nerve layer (ONL) to the deep granular cell layer (GCL). (H&E, ×100). [B]: A semithin section 

showing the mitral cells (arrows) having large vesicular nuclei with prominent nucleoli located in the 

mitral cell layer (MCL). (Toluidine blue, ×1000). [C]: A transmission electron micrograph showing a 

mitral cell with rounded euchromatic nucleus (N) and prominent nucleolus. The surrounding 

cytoplasm has many mitochondria (M), plenty of free ribosomes (R) and rough endoplasmic reticulum 

(rER). Axons covered with intact darkly stained myelin sheaths are also seen (thick arrows). (Uranyl 

acetate and Lead citrate, ×10000). 

 
Fig. 6 [A-C]: Photomicrographs of rats’ olfactory bulb sections of 21-day-old treated group. [A]: 

Showing the layers of the olfactory bulb. Vacuolar spaces (*) in the neuropil are seen in the olfactory 

nerve layer (ONL) and the external plexiform layer (EPL). (H&E, ×100). [B]: A semithin section 

showing the EPL, mitral cell layer (MCL), internal plexiform layer (IPL), and granular cell layer 

(GCL). Mitral cells (arrows) have large vesicular nuclei with prominent nucleoli located in the MCL. 

Degenerated mitral cells appear darkly stained and pyknotic (dotted arrow). Vacuolations (V) are seen 

in the EPL, MCL, and GCL layers. Engorged blood vessels (BV) are noticed in the MCL and GCL 

layers. (Toluidine blue, ×1000). [C]: A transmission electron micrograph showing a damaged mitral 

cell with shrunken irregular heterochromatic nucleus (N) and dilatation of the perinuclear space (*). 

Few dispersed cytoplasmic organelles are seen; apparent reduction in the number of mitochondria (M), 

free ribosomes (R), and rough endoplasmic reticulum (rER). Cytoplasmic vacuolization (V) is evident, 

and vacuolated mitochondria (VM), lysosomes (L), and lipofuscin granules (thick arrow) are present. 

A swollen irregular axon is seen with splitting, corrugation, and irregularity of the surrounding myelin 

sheath (arrowheads). (Uranyl acetate and Lead citrate, ×10000). 
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Fig. 7 [A-C]: Photomicrographs of rats’ olfactory bulb sections of 2-month-old control group. [A]: 

Showing healthy architecture of the layers of the olfactory bulb, from the superficial olfactory nerve 

layer (ONL) to the deep granular cell layer (GCL). (H&E, ×100). [B]: A semithin section showing the 

mitral cells (arrows) having abundant cytoplasm and large lightly stained vesicular nuclei located in 

the mitral cell layer (MCL). The mitral cell has axon and dendrite. The myelin sheath which surrounds 

the axon was lost during preparation leaving an empty space shown (arrowheads). The axon is seen 

passing through the internal plexiform layer (IPL) to reach the granular cell layer (GCL). A primary 

dendrite is also seen (dotted arrow). (Toluidine blue, ×1000). [C]: A transmission electron micrograph 

showing the mitral cell with euchromatic nucleus (N) and prominent nucleolus. The surrounding 

cytoplasm has many mitochondria (M), free ribosomes (R) and rich rough endoplasmic reticulum 

(rER). (Uranyl acetate and Lead citrate, ×10000). 

 
Fig. 8 [A-C]: Photomicrographs of rats’ olfactory bulb sections of recovery group. [A]: Showing the 

architecture of the olfactory bulb has returned to normal with healthy appearance of the layers of the 

olfactory bulb, from superficial to deep: olfactory nerve layer (ONL), glomerular layer (GL), external 

plexiform layer (EPL), mitral cell layer (MCL), internal plexiform layer (IPL), and granular cell layer 

(GCL). (H&E, ×100). [B]: A semithin section showing the mitral cells (arrows) located in the MCL, 

with apical primary dendrites (dotted arrows). Some mitral cells appear small-sized and darkly stained 

(arrowhead) (Toluidine blue, ×1000). [C]: A transmission electron micrograph showing a normal 

mitral cell with oval euchromatic nucleus (N) and peripheral heterochromatin. The surrounding 

cytoplasm has many healthy organelles, mitochondria (M), free ribosomes (R) with moderate 

dilatation of the rough endoplasmic reticulum (rER). Parts of two adjacent mitral cells are also seen 

with euchromatic nuclei (*) and rich cytoplasm. (Uranyl acetate and Lead citrate, ×10000). 
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DISCUSSION 

Tobacco smoking is one of the 

major causes of preventable death 

worldwide. The nicotine content of 

tobacco is responsible for many 

dangerous effects such as 

atherosclerosis, ischemic heart disease, 

pulmonary and renal fibrosis, and 

cancer (Zhang et al., 2009). Ferrea and 

Winterer (2009) indicated that nicotine 

might have neuroprotective as well as 

neurotoxic effects expressed through 

complex interactions involving different 

neuronal circuits in humans and 

animals. Research studies found that 

olfaction is the first sensory system to 

differentiate during mammalian 

development which projects directly to 

the telencephalon (Shepherd et al., 

2021). The olfactory bulb is a neuronal 

center for olfaction (Fletcher et al., 

2009). Earlier research reported that in 

the presence of harmful factors, the 

olfactory bulb gets damaged earlier than 

many other parts of the brain 

(Velayudhan et al., 2013). Thus, it can 

be used as an early indicator of 

neurodegenerative diseases and as 

evidence to evaluate disease 

progression (Velayudhan et al., 2013). 

Patients with Alzheimer's disease show 

the first signs of the disease in the form 

of olfactory dysfunction and memory 

abnormalities (Velayudhan et al., 2013; 

Misiak et al., 2017). Thus, the olfactory 

bulb was chosen in the current research 

for assessing exposure to potential 

toxicants to the brain. However, to our 

knowledge, currently scarce studies are 

available assessing the effect of nicotine 

on postnatal development of the mitral 

cells of the olfactory bulb. Therefore, 

the present study aimed to clarify the 

consequences of nicotine injection to 

pregnant and lactating rats on the 

postnatal development of the mitral 

cells.  

In this work, examination of the 

olfactory bulb in newborn nicotine-

treated rats revealed profound 

neurodegenerative changes in the mitral 

cells. Many indentations of the nuclear 

membrane, damaged and vacuolated 

mitochondria, presence of lipofuscin 

granules, and numerous cytoplasmic 

vacuolations were observed in the 

mitral cells. Also, several vacuolations 

were detected in the neuropil of the 

olfactory nerve and external plexiform 

layers. It has been described that 

irregular nuclear shape indicates 

degenerative signals (Gisselsson et al., 

2001), premature aging, or cancer (Zink 

et al., 2004; Scaffidi and Misteli, 2006). 

Commensurate with the current results, 

some investigators reported that 

nicotine has a strong affinity to the 

mitochondria (Cormier et al., 2001; 

Hashimoto et al., 2004). They 

hypothesized that altered cellular 

energy metabolism is involved in the 

pathogenesis of nicotine neurotoxicity. 

It was reported that the major source of 

lipofuscin granules is incomplete 

lysosomal degradation of damaged 

organelles (Terman et al., 2006). 

Lipofuscin increases the cellular 

sensitivity to oxidative stress, as the 

accumulation of defective mitochondria 

produces more reactive oxygen species, 

which causes additional damage 

(Terman et al., 2006). The presence of 

lipofuscin granules and mitochondrial 

vacuolization is associated with cell 

apoptosis. It was established that more 

lipofuscin granules indicate more 

autophagy in the cells (Koz et al., 2012; 

Tripathi et al., 2016). Moreover, it has 

been stated that cytoplasmic 

vacuolations usually precede cell death 

(Shubin et al., 2016). The cytoplasmic 

vacuolization of mammalian cells could 

be transient or irreversible. The 

transient vacuolization was detected 

only during the exposure to an inducer 

and reversibly affect the cell 

(Morissette et al., 2008). In contrast, 

irreversible vacuolization indicates 

cytopathological conditions leading to 

programmed cell death due to cytotoxic 

stimulus (Shubin et al., 2016). 

Previous investigators 

demonstrated that the inducers of 

transient vacuolization were weakly 
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basic amine-containing lipophilic 

compounds (Shubin et al., 2016). At the 

neutral extracellular fluid, lipophilic 

bases were uncharged thus easily 

transported through the plasma 

membrane via the passive diffusion or 

active transport methods (Morissette et 

al., 2004). When these uncharged 

lipophilic bases become inside the cell 

they pass through the organelle’s 

membranes. However, after reaching 

inside the acidic endosomal-lysosomal 

organelles and Golgi cisterns, they 

become positively charged therefore 

losing their capacity to return to the 

cytoplasm. The accumulation of 

charged weak bases inside organelles 

increases the intraorganellar osmotic 

pressure. To equilibrate the osmotic 

pressure, water diffuses across the 

membranes of the organelles leading to 

the formation of the vacuoles (Aki et 

al., 2012). A similar mechanism was 

suggested for the neurotoxin-induced 

irreversible vacuolization affecting the 

endoplasmic reticulum, non-acidic 

organelles of the endosomal-lysosomal 

system, and Golgi apparatus (Rogers-

Cotrone et al., 2010). 

In the current study, the 

olfactory bulb of the 10-day-old treated 

group showed huge vacuolations in 

several layers. The mitral cells were 

damaged, having shrunken nuclei with 

indentation of the nuclear membrane, 

damaged mitochondria, lipofuscin 

granules and vacuolated rarified 

cytoplasm. These findings suggest 

mitral cell degeneration (Koyano et al., 

2005). 

The present research showed 

alterations in the olfactory bulb of the 

21-day-old treated group such as 

vacuolar spaces affecting several layers 

and engorged blood vessels of the 

olfactory bulb. The mitral cells were 

pyknotic and had cytoplasmic 

vacuolation, nuclear shrinkage, 

dilatation of the perinuclear space, 

lysosomal dense bodies, vacuolated 

swollen mitochondria, lipofuscin 

granules and swollen irregular axons 

with splitting, and irregularity of the 

surrounding myelin sheath. The 

dilatation of the perinuclear space 

comes in agreement with the findings of 

previous studies indicating necroptosis 

(Miyake et al., 2020). Apoptosis was 

considered as the prototype for a 

regulated form of cell death; however, 

recent studies have established other 

types of regulated forms of cell death, 

including necroptosis (Miyake et al., 

2020). Dilatation of the perinuclear 

space in necroptosis was reported to 

progress through rupturing the nuclear 

membrane and leading to cell death. 

Therefore, the dilation of the 

perinuclear space could be considered 

the hallmark of necroptosis (Miyake et 

al., 2020). The splitting and irregularity 

of the surrounding myelin sheath seen 

in the mitral cell axons could be 

attributed to the fact that nicotine-

induced neuronal damage specifically 

targets the myelin sheath (Papp-Peka et 

al., 2017). The engorged blood vessels 

observed in this study can be explained 

by other investigators that reported an 

increase in the olfactory bulb blood 

flow after nicotine injection (Uchida 

and Kagitani, 2020). The nicotine-

induced increase in the olfactory bulb 

blood flow was reported to contribute to 

the neuronal turnover in the olfactory 

bulb and short-term olfactory memory 

thus maintaining olfactory and 

cognitive functions (Uchida and 

Kagitani, 2020). 

Previous investigators have 

indicated that nicotine withdrawal 

symptoms peak on approximately the 

3rd day and taper off over the course of 

the following 3–4 weeks (McLaughlin 

et al., 2015). In this research, we 

evaluated the potential recovery from 

the effects of nicotine exposure in 5 

weeks after nicotine withdrawal. The 

examination of the olfactory bulb in the 

recovery group of this study revealed 

that its architecture has returned to 

normal with a healthy appearance of the 

layers of the olfactory bulb and mitral 

cells. The present findings are in 

accordance with those of an earlier 

study on the effects of nicotine on the 
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cingulate cortex that highlighted the 

effects of nicotine withdrawal resulting 

in a marked reduction in the structural 

impairment of the neurons (Mahmoud 

et al., 2013). 

Nicotine at low doses has been 

reported to have no damaging effects on 

neuronal populations. However, at high 

doses, the neurotoxic effects are 

obvious (Guan et al., 2003; Chambers 

et al., 2013; Yang et al., 2019). 

Moreover, previous research indicated 

that nicotine induces cellular damage 

both in vitro and in vivo due to the 

increased lipid peroxidation, creation of 

reactive oxygen species and oxidative 

stress (Kalpana et al., 2004; Ayala et 

al., 2014). Also, it induces the activity 

of NADPH oxidase and 

myeloperoxidase, superoxide mediated-

DNA fragmentation, and causes 

malfunction of the antioxidant defense 

systems through the reduction of the 

activity of catalase and superoxide 

dismutase (Muthukumaran et al., 2008; 

Mahapatra et al., 2009a, b; Guo et al., 

2013). 

The results of the present work 

provide evidence for the mitral neuronal 

degeneration induced by nicotine 

exposure. Upon stoppage of nicotine 

injections, recovery of the mitral cells 

occurred. However, the mechanisms 

underlying the cytotoxic effects of 

nicotine-induced mitral cell damage 

require further investigation. 

Conclusions 

 Nicotine induced marked 

neurodegenerative changes in the mitral 

cells of olfactory bulbs in newborn, 10-

day-old, and 21-day-old rats. The 

effects of nicotine appear to be 

reversible. Recovery occurred in 5 

weeks following the withdrawal of 

nicotine injections, with the return to 

normal healthy appearance of the mitral 

cells as evidenced by light and 

transmission electron microscopy. 

Therefore, we encourage and advise 

tobacco smokers to quit smoking since 

recovery is promising to return to the 

normal healthy neuronal structure of the 

olfactory bulbs. 
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ARABIC SUMMARY 

 

 ية للجرذان بعد الولادة لا رتمعلى نمو الخلايا ال الإقلاع عنهالنيكوتين و تأثير

محمد زغلول  عبد الله ةأيمن صلاح الدين عامر، دري  

 جامعة أسیوط –كلیة الطب  –قسم التشریح الآدمي وعلم الأجنة 

 

ه  الخلفية: السجائر  ال  يتدخین  محتوى  یسبب  العالم.  أنحاء  جمیع  في  عامة  السجائر مشكلة صحیة  في  نیكوتین 

وإدمانهال علیه  الأمراض.    تعود  لوحظ  والعدید من  مبكر من  وقد  في وقت  الشمیة  البصلیة  العصبیة  الخلایا  تلف 

 الأمراض التنكسیة العصبیة. 

ال من  الخلایا    :بحثالهدف  بنیة  على  النیكوتین  إعطاء  تأثیرات  الفئران    المترالیةتوضیح  في  الشمیة  للبصیلات 

 النیكوتین.  الإقلاع عننتائج لك ذكو النامیة،

فأر حامل بشكل عشوائي إلى مجموعتین. لم تتلق المجموعة الضابطة    24تم تقسیم    مستخدمة:ال  ق طرالمواد وال

  الثامن  یومالیوم تحت الجلد یومیًا من    /وزن الجسم مجم / كجم    6وتلقیت المجموعة المعالجة النیكوتین    علاج،أي  

حتى  ل الولادة.    ونوالعشر  الواحد  یوماللحمل  بعد  كل  ما  في  الفئران  نسل  من  ذكور  ستة  الدراسة  هذه  تضمنت 

ما بعد الولادة تم  الواحد والعشرون  یوم  ال. في  ، وشهرین یومًا  21أیام ،    10  الولادة،ر حدیثي  اعمالأفي  مجموعة  

من   ذكور  بستة  حتى    الفئران،التضحیة  علاج  أي  دون  الحیاة  قید  على  بالبقاء  أخرى  فئران  لستة   عمروسُمح 

ال  هذه هي  عتبرتأشهرین و ها ومعالجتها من أجل الفحص  حفظ. تم تشریح البصیلات الشمیة وشفائیةالمجموعة 

 . النافذلكتروني الضوئي والإ المجهري

اكا   النتائج: المجموعة  الشمیة في جمیع الأعمار من  البصیلات  لمعالجة بها فجوات عصبیة في عدة طبقات. نت 

المترالیة تتدهور   السیتوبلازم    فراغات فيو  النوویة،لأغشیة  مع تعاریج في ا  منكمشة،ولدیها أنویة  كانت الخلایا 

  نحلالیة زادت التغیرات الإ  وقد  المجموعة الضابطة.حبیبات اللیبوفوسین بالمقارنة مع  مع وجود    والمیتوكوندریا،

مع    وریةالمح  وعدم إنتظام الزوائد  تساع المساحات حول النواة وتورمإوأظهرت    الفئران،زیادة عمر  العصبیة مع  

الولادة    تشقق بعد  المایلین في یوم ما  الضابطة.    21أغلفة  بالمجموعة  النیكوتین عادت    الإقلاع عنعند  ومقارنةً 

 البصیلات الشمیة إلى سماتها الطبیعیة.   بنیة

 المترالیةالخلایا    شفاءوقد تم  .  المترالیةصبیة في الخلایا  ع  إنحلالیة  تغیرات  في حدوث  سببتالنیكوتین ی  الخلاصة:

 النیكوتین. الإقلاع عنعد ب الطبیعي  إستردت مظهرهاو

 

 

 

 
 

 


