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ABSTRACT
Cigarette smoking is growing and nicotine is considered as the most adverse agent in the
cigarette smoking. Nicotine is an alkaloid and forms 90% of alkaloids of cigarette. It is
accountable for creating disorders and cancers such as lung cancer, heart disease and
chronic lung disease. Nicotine can be considered as an autophagy and apoptosis modulator
which can either directly or indirectly regulate apoptosis and autophagy. Apoptosis is the
programmed cell death and oxidative stress in the most known inducer of apoptosis.
However, physicochemical stresses, free radicals and removing of nutrients are other
factors which induce apoptosis. Autophagy plays the role of recycling which mainly attacks
damaged and aged cells and organelles. In this review, we investigate the effects of nicotine
on these pathways.
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Introduction
During recent decades, much attention has been performed towards the toxicity of agents.
Cigarette smoking has major effects on health and nicotine is considered as the most toxic
agent in cigarette smoking. The nicotine usage is increasing, so that has become a habit. The
mortality from cigarette smoking is high and lung cancer, heart disease and chronic lung
diseases are three causes of death in smoking women. Many persons attempt for quitting
smoking and finally due to the difficulty that is highest in first week, they give up and
trigger smoking again. Nicotine is an alkaloid and is present in the leaves of tobacco where
it acts as a botanical insecticide. A medium tobacco rod contains 10 to 14 mg of nicotine and
what is obvious is the detrimental effects of nicotine on the various parts of body. in this
review, we investigate the apoptotic and autophagic pathways that are triggered by
nicotine (Abdollahzadeh Soreshjani & Ashrafizadeh, 2018a, 2018; Ahmadi & Ashrafizadeh,
2018, 2019; Ahmadi, Mohammadinejad, & Ashrafizadeh, 2019; Ashrafizadeh & Ahmadi,
2019; Ashrafizadeh, Rafiei, & Ahmadi, 2018; Hassanzadeh Davarania 2018; Hassanzadeh
Davarani et al., 2018; Mohammadinejad, Dadashzadeh, et al., 2019; Rafiei, Ahmadi, &
Ashrafizadeh, 2018a, 2018b; Rafiei & Ashrafizadeh, 2018; Sobhani, Roomiani, Ahmadi, &
Ashrafizadeh, 2019).
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Materials and methods
Studied PatientsApoptosis
Apoptosis or programmed cell death is an active process which is the main controlling
system in various tissues. Apoptosis was first introduced as a cell death that happens in
hepatocytes under physiological conditions (Kerr, 1965; Lockshin & Zakeri, 2001).
Interruption of membrane integrity, cell shrinking, fragmentation of chromatin
condensation and inter-nucleosomal DNA as well as production of apoptotic bodies are
morphological indications of apoptosis (Elmore, 2007; Jayakiran, 2015).
Apoptosis mechanisms
There are two important apoptotic pathways: Extrinsic or death receptor pathway and
intrinsic or mitochondrial pathway. There is an additional pathway which acts via T-cell
mediated cytotoxicity and perforin-granzyme-dependent killing of the cell.
The extrinsic signaling pathway depends on the death receptor transmembrane proteins
which belong to the tumor necrosis factor (TNF) receptor gene superfamily. The bestknown ligands and corresponding death receptor are as following: FasL/FasR, TNF /TNFR1, Apo3L/DR3, Apo2L/DR4 and Apo2L/DR5 (Ashkenazi & Dixit, 1998;
Chicheportiche et al., 1997; Locksley, Killeen, & Lenardo, 2001; Peter & Krammer, 1998;
Rubio-Moscardo et al., 2005; Suliman, Lam, Datta, & Srivastava, 2001). Binding of ligand to
the receptor results in recruiting adaptor protein FADD (Fas associated via death domain).
FADD is associated to the procaspase-8 through dimerization of death effector domain and
death-inducing signaling complex (DISC) is formed. After autocatalytic activation of
procaspase-8, caspase-8 is activated which demonstrates the execution phase of apoptosis.
Intrinsic signaling pathway is triggered by the permeability of mitochondrial membrane.
The stimulations which initiate this pathway, are divided into two categories: negative and
positive stimulations. In negative fashion, loss of certain growth factors, hormones and
cytokines (factors suppressing death programs) results in apoptosis, whereas in positive
fashion, radiation, toxins, hypoxia, hyperthermia, viral infections and free radicals involve
(Birnbaum, Clem, & Miller, 1994). Bcl-2 superfamily proteins which regulate the
mitochondrial integrity, are divided into two categories: Anti- and pro-apoptotic proteins.
Pro-apoptotic family includes BAX, BID, BAK1, BAD, PMAIP1/Noxa and BBC3/Puma and
anti-apoptotic family includes Bcl-2, Bcl2L1/Bcl-xl, MCL-1 and Bcl2A1 (Black, Kronheim, &
Sleath, 1989). The stimulations (negative and positive stimulations) result in alterations in
inner membrane of mitochondria, leading to the opening of mitochondrial permeability
transition (MPT) pore. Then, pro-apoptotic proteins activate caspase-dependent
mitochondrial pathway. Cytochrome-C binds and activates Apaf-1 and procaspase-9,
resulting in formation of apoptosome (Chinnaiyan, 1999; Hill, Adrain, Duriez, Creagh, &
Martin, 2004). Recruiment and activation of CASP9 is performed by apoptosome, leading to
the activation of CASP3, CASP6 and CASP7 and finally, results in apoptosis.
Endoplasmic reticulum (Fatemeh Hassanzadeh Davarania) pressures trigger the third
pathway of apoptosis (Ashrafizadeh et al.,). The unfold protein response (UPR) accounts for
dealing with ER tension and unresolved pressure leads to the beginning of apoptosis.
CASP12 and CASP4 are respectively responsible for mediation of ER-induced apoptosis in
rodents and human. Besides, Bcl-2 family proteins control the apoptosis via direct or
indirect (ER Ca2+ signaling) pathways.
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Figure 1. Schematic presentation of intrinsic and extrinsic pathways of apoptosis
How the apoptosis is stimulated?
It has been shown that apoptosis can occur in all metazoan and protozan cells and it is
considered as a potential survival mechanism, because this mechanism eliminates the
defective or damaged cells as well as cells which are known as a menace for the
completeness of the whole organism. The stimulations in the normal or pathophysiological
conditions can induce the apoptosis(Toivola, Strnad, Habtezion, & Omary, 2010; Wyllie,
2010). There are different kinds of stimuli which can stimulate apoptosis (Portt, Norman,
Clapp, Greenwood, & Greenwood, 2011). Physicochemical stresses including
chemotherapeutic compunds (doxorubicin), changes in temperature and osmolarity, DNA
damaging materials, compounds producing free radicals, elimination of nutrients, oxygen or
growth factors, pro-inflammatory cytokines an-d normal physiological processes such as
ageing and development are examples of these stimuli. Also, ischemia and accumulation of
misfolded ER proteins are pathological stimuli. There are evidences about the association
between various apoptosis pathways, so that, for instance, extrinsic pathway can trigger the
mitochondrial pathway. For example, it has been reported that BBC3/Puma and
PMAIP1/Noxa can begin the ER-mediated apoptosis with the contribution of mitochondrial
apoptosis pathway (Fink & Cookson, 2005).
Autophagy
In recent years, autophagy has attracted a remarkable attention due to its mediation
between death and life (Mohammadinejad, Ahmadi, Tavakol, & Ashrafizadeh, 2019).
Autophagy is a catabolic process which has been conserved in eukaryotic organisms. It
functions as a cytoprotective mechanism which regulates metabolic functions inside the
cells, ageing, cancer, neurodegenerative disorders and lysosomal disorders, demonstrating
the major role of autophagy in regulating homeostatis. Autophagy by breaking proteins and
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peptides and providing a pool of aminoacids, contributes the cells to survive in stress
conditions such as nutrient starvation and ATP deficiency. Autophagy adjusts intracellular
conditions via cytoplasmic turnover of proteins and organelles, so that after deletion of
special autophagic proteins (Atg5 and Atg7), the accumulation of ubiquitted proteins
happens, showing the important role of autophagy in modulating the protein turnover of
cells (Komatsu et al., 2005). Also, mutant yeasts with defective autophagy demonstrated
devastated spore formation, showing the role of autophagy in maintaining cell growth and
development (Tsukada & Ohsumi, 1993).
Mechanistic target of rapamycin kinase (mTOR), 2 autophagy-promoting kinases, 5/-AMP
activated protein kinase (AMPK) and class II phosphatidylinositol-3-kinase (PtdIns3k) are
major signaling pathways which determine the stimulation and magnitude of autophagy.
Generally, in stress conditions, autophagy activates AMPK which phosphorylates the
members of ULK1 kinase and PtdIns3k complexes and also inhibition of mTOR occurs. Bcl2, an inhibitor of BECN1, plays an important role in the association of autophagy and
apoptosis. The under short-term stress conditions MAPK8/JNK1 phosphorylation leads to
the separation of Bcl-2 from BECN1 and activation of PtdIns3k and finally advancement of
autophagy, but long-term phosphorylation might result in inactivation of Bcl-2 and
induction of apoptosis (Wei, Pattingre, Sinha, Bassik, & Levine, 2008).
Nicotine and apoptosis
There are different studies about the effects of nicotine on the induction of apoptosis. Kang
et al studied the nicotine-induced apoptosis in human gingivial fibroblasts (HGFs) (Kang et
al., 2011). Their results showed that nicotine increases the level of BAX (pro-apoptotic
protein) and Bcl-2 (anti-apoptotic protein) in HGFs. Also, nicotine results in releasing
cytochrome c from mitochondria to cytosol and activates caspase -3 and -9. Besides, poly
ADP polymerase (PARP) degradation occurs as a result of nicotine exposure. The
transmission of oxidative stimuli in cytoplasm and signals of membrane surface receptors
to the nucleus might be occurred to regulate the cell division and survival. Oxidative stress
leads to the activation of many protein kinases and transcription regulatory
factors(Kalariya, Wills, Ramana, Srivastava, & van Kuijk, 2009; Y.S. Lee et al., 2009).
Nicotine increases the synthesis of ROS and negatively affects the survival and
differentiation of cell. Also, activation of MAPKs such as ERK, JNK and P38 MAPK is
associated with the transmission of apoptosis stimuli caspases (Chuang, Wang, & Yang,
2000; Platanias, 2003). It has been shown that nicotine activates ERK, JNK and P38 MAPK to
induce apoptosis.
Three other studies also examined the apoptotic effect of nicotine on cell (H.J. Lee et al.,
2008; Y. LIU, 2004; Tian, Zhu, Li, Ma, & Wu, 2009). The first study demonstrated that
nicotine induces mitochondrial apoptotic pathway to block the viability, proliferation and
differentiation of human umbilical endothelial cells. Second study examined the cytotoxic
effects of nicotine on alveolar epithelial cells and showed that nicotine activates betacatenin/TCF signaling via inhibiting GSK3 beta. Also, third study demonstrated the
involvement of PI3K, MAPK and NF-kappa B pathways in cytotoxicity effects of nicotine on
immortalized and malignant human oral keratinocytes. Kim et al studied the nicotineinduced apoptosis in leydig cells (Kim et al., 2005). They used various methods to show that
nicotine stimulates apoptosis in leydig cells. Their results demonstrated that nicotine
affects leyding cells in a dose- and time-dependent manner and induces cell shrinkage,
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cytoplasmic condensation and irregularity in shape in these cells. Also, apoptotic bodies (as
markers of apoptosis), cytoplasmic blebbing, nuclear shrinkage and chromatin
condensation have been observed at the result of exposing to nicotine. Zanetti et al., also
showed that nicotine exerts its cytotoxicity via oxidative stress (Zanetti et al., 2014).
Recently, Marinucci et al., discovered a new mechanism that nicotine uses to stimulate
apoptosis (Marinucci et al., 2018). They used human primary osteoblasts and their results
showed that nicotine remarkably increases the intracellular accumulation of H2O2 via
inhibiting Glo1 which induces MG-H1 accumulation/release and MG-H1 starts H2O2
overproduction by RAGE and an apoptotic mitochondrial pathway by stimulating TG2
downregulation-dependent NF-kB desensitization. In a study, Amini and colleagues
evaluated the effect of nicotine on the PC12 cells (Amini, Zhaleh, Tahvilian, & Farnia, 2019).
The results of this study demonstrated that nicotine consumption is associated with
reduction in cell viability, cell proliferation, an increase in cell death and elevated
concentrations of intracellular and mitochondrial calcium. In another study, Yang and
coworkers investigated the impact of nicotine on the proliferation and migration of human
primary pterygium cell (Yang et al., 2019). It was demonstrated that exposing to the
nicotine for a long time suppresses cell proliferation and migration. Besides, nicotine has
this ability to negatively affect human fetal ovaries (Cheng et al., 2018). In this study, it was
found that nicotine exposure remarkably enhances the generation of ROS and DNA damage,
consequently resulting in apoptosis and decreased viability of human fetal ovaries. Another
study conducted by Mohammadghasemi and Jahromi, confirmed that exposing mice to the
nicotine (0.1 mg/100 mg) significantly stimulates apoptosis and testicular damage and
melatonin can be considered as a potential candidate in diminishing apoptosis
(Mohammadghasemi & Jahromi, 2018).

Figure 2. The association between nicotine and apoptosis
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Nicotine and autophagy
As we mentioned, autophagy and apoptosis are in relationship with each other and both of
them play a significant role in cell survival and death. Autophagy has attracted much
attention during past decades. So far, it has been shown that apoptosis is the major
mechanism that nicotine uses and there is a little information about the autophagy
pathway. Recently, it was shown that autophagy is the major mechanism which nicotine
applies to diminish the serum testosterone and researchers thought that apoptosis is the
cause of this diminution. It was demonstrated that nicotine starts autophagy via the activity
of CHRNA7. These results about the role of nicotine in stimulating autophagy is in
agreement with the study of Xiao et al., (Xiao, Shang, Zhai, Zhang, & Zhang, 2018). They
traced Beclin-1 and LC3 antibodies to investigate autophagy. Their data showed that
nicotine at the dose of 0.2 mg/kg can trigger autophagy and can be considered as a
beneficial agent for inhibiting the anxiety and depressive-like behavior. Also, an interesting
research showed that even apoptosis caused by nicotine is the result of interruption and
disorder in autophagy (Bodas, Van Westphal, Carpenter-Thompson, Mohanty, & Vij, 2016).
In a study, the stimulatory effect of nicotine on the atherosclerosis was examined (Z. Wang,
Liu, Zhu, Wang, & Wang, 2019). The results of this study revealed that nicotine predisposes
to atherosclerosis by induction of autophagy through enhancing LC3II to LC3I ratio. Wang
and colleagues indicated that nicotine effectively stimulates autophagy, leading to the
adverse effects on mouse early folliculogenesis (Y.F. Wang et al., 2018). Xia and coworkers
assessed the impact of nicotine on the chronic stress-induced anxiety and depressive-like
behavior (Xiao et al., 2018). It was found that nicotine activates autophagy mechanism
through elevating the expression of Beclin-1 and LC3II, resulting in attenuation of
neurological disorder and hippocampal neuropathy. These findings were in line with the
research of Liu and colleagues that demonstrated the adverse effects of nicotine on leydig
cells via stimulation of autophagy (S. Liu, Sun, & Li, 2018).
Conclusion
Nicotine is the most harmful compound in the cigarette smoking and apoptotic as well as
autophagic fates that are affected by nicotine, are important in terms of directing future
researches for understanding the exact mechanism of triggering autophagy and apoptosis
by nicotine. In summary, nicotine induces apoptosis in cells and can be used in cancer
therapy because of its cytotoxicity on cancer cell lines. Also, it begins autophagy and maybe
in the future can be used as an autophagy inducer to resolve the problems that are
associated with autophagy impairment.
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