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INTRODUCTION: 
The main ingredient in tobacco products that causes 
addiction is nicotine. Nicotine is in the non-ionized form 
and easily absorbed by the skin, nasal mucosa, lung 
epithelium, and oral mucosa with high pH (alkaline). A 
daily smoker of 25 cigarettes will absorb around 0.43 mg 
of nicotine per kilogramme of body weight and achieve a 
blood concentration of nicotine between 4 to 72 ng/ml 
(0.025 - 0.444 μM) [1,2]. Nicotine's half-life in plasma is 
approximately  2 h [3]. In the liver, about 80 % of the 
absorbed nicotine is metabolised, mostly by CYP2A6, 
UDP-glucuronosyltransferase and a monooxygenase that 
contains flavin. One of the main metabolites is cotinine. 
Nornicotine is a minor tobacco alkaloid and a metabolite 
of nicotine that is created when nicotine is demethylated. 
Up to 85 to 90 % of nicotine is metabolised before being 
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ABSTRACT: It is widely accepted that smoking is the single most significant preventable human 
cause of cancer. In this study, the data linking nicotine to the development of cancer is reviewed and 
discussed. Tobacco-related cancer is definitely influenced by the carcinogenic chemicals found in 
tobacco smoke and tobacco products intended for oral use, including tobacco-specific N-
nitrosamines (TSNA) and polycyclic hydrocarbons. Recent research has demonstrated that nicotine 
can affect many critical stages in the cancer formation process and raises the possibility that it could 
exacerbate and recurrence the illness. Nicotine has the ability to generate TSNA in the body. It is 
possible that the primary addictive ingredient in tobacco products, nicotine, diverted our focus from 
the harmful effects of these substances on angiogenesis, cell proliferation and tumour malignancy. 
When assessing potential long-term impacts from nicotine sources, such e-cigarettes and products 
for nicotine replacement therapy, which both have a lifetime usage potential, effects on cancer illness 
are significant factors to consider. 
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excreted by the kidneys [1]. Smokers had a blood 
concentration of 200 to 400 ng/ml (1.1 to 2.2 μM) of 
cotinine [3]. Nicotine acts by stimulating the nicotinic 
acetylcholine receptors (nAChRs), which are part of the 
parasympathetic autonomic nervous system and are 
found in the central nervous system (CNS), at autonomic 
nervous system interganglionic junctions, and on target 
organs throughout the body. The five membrane-
spanning subunits that make up nAChRs, which are 
ligand-gated ion channels, come together to create a 
functioning receptor [4]. Although other receptor subunits 
could possibly be involved, the homomeric α7-nAChR 
has been identified as the main receptor mediating 
nicotine-mediated cell proliferation.[5] Nicotine exhibits a 
greater affinity for nAChRs than does acetylcholine 
(Ach). Cotinine and N-nitrosamines (TSNA) unique to 
tobacco may also bind to nAChRs [5 –7].The rewarding 
effects of nicotine and the modifications that follow 
long-term exposure, which lead to dependence and 
withdrawal symptoms are both influenced by nicotine's 
binding to nAChR in the brain. Dopamine is released as 
a primary cause of the positive reinforcing effects of 
nicotine addiction.[1] Numerous lines of evidence suggest 
that nicotine may have a role in the onset of cancer. 
Experimental in vitro research on cell cultures, in vivo 
research on rodents, and research on humans, including 
epidemiological studies, provide evidence that nicotine, 
alone or in combination with other tobacco constituents, 
may stimulate several effects important for the 
development of cancer [5, 6].  

Endogenous Formation of TSNA: 
N-nitrosation of tobacco's alkaloids produces tobacco-
specific N-nitrosamines. NNK (4-(metylnitrosamino)-1-
(3-pyridyl)-1-butanon) and NNN (N′-nitrosonornicotine) 
are two of the most significant and powerful carcinogens 
found in tobacco and tobacco smoke. A common method 
to evaluate the potential involvement of TSNA in tumour 
formation is to measure the total amount of NNAL 
(NNAL and its glucuronides) in urine. NNAL (4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanol) is a 
metabolite of NNK. Total NNAL has been reported to be 
significantly correlated with lung cancer risk in smokers' 
blood samples [8].  The International Agency for Cancer 
Research (IARC) has designated NNN and NNK as 
human carcinogens [9,10]. It is commonly known that 
NNN and NNK may be found in moist snuff as well as in 
mainstream and sidestream cigarette smoke [11]. Bartsch 
and Spiegelhalder noted in the 1996 review that people 

might naturally produce N-nitrosamines [12]. In rats given 
tobacco alkaloids and NaNO2, endogenous TSNA 
production has been shown [13,14]. Although NNK is not 
produced in vivo, as some early investigations stated 
[13,15], more recent results refute this notion. 
Consequently, total NNAL (a NNK metabolite) in the 
urine of Swedish snus users is still significant and only 
decreased to roughly half of that found in smokers and 
users of old-style snuff, despite the fact that the level of 
NNK in Swedish snus is significantly lower than in 
cigarette smoke and the old-style snuff [16]. When 
compared to non-smokers exposed to ETS,[18] users of 
nicotine replacement therapy (NRT) [17] also had higher 
levels of total NNAL. It is interesting to note that there 
does not seem to be a significant difference in the risk of 
pancreatic cancer across the various tobacco products [9]. 
Additionally, it has been noted that nornicotine in human 
saliva can generate NNN [19]. According to a recent study 
by Hecht, et al, there was very little endogenous TSNA 
production following nicotine inhalation in the urine of 
e-cigarette users [20]. According to the aforementioned 
findings, TSNA may develop endogenously following 
nicotine absorption through the skin and mucous 
membranes in the oral cavity, but it may not occur at all 
following lung absorption. Therefore, the mode of 
administration may affect the toxicokinetics of nicotine. 

Table 1. Level of NNAL in urine from smokers, users 
of “old” snuff in USA (smokeless tobacco), users of 
“modern” Swedish snus and of NRT compared to 
people exposed to ETS [17,18,21].  

Group Total NNAL (pmol/mg 
creatinine) 

Smokers 2.6 (0.3 to 3.9) (95% Confidence 
interval) 

Snuff (Old type) 3.3 (1.5–5.1) 
Swedish snus 1.4 (0.9–2.0) 

NRT 0.3 (0.1–0.4) 
Non-smokers 

exposed to ETS 
0.042 ± 0.020 [±SD] 

 
Genotoxicity of Nicotine: 
Rats exposed to nicotine had their urine tested for 
Salmonella in most trials, but the results were negative. 
On the other hand, the Escherichia coli pol A+/pol− 
assay has demonstrated that nicotine causes damage to 
DNA [22]. In two investigations using the CHO cell line, 
chromosomal aberration (CA) and sister chromatid 
exchange (SCE) were shown to be present [23,24]. Later, in 
studies using human lymphocytes, Ginzkey, et al. [25] 

verified these findings. At the lowest measured 
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concentration of 1 μM nicotine, which is just 2 to 3 times 
greater than what is seen in smokers' blood, they 
discovered a substantial rise in both CA and SCE [2]. The 
most significant lesion causing the observed CA is 
thought to be DNA double-strand breaks (DSB) with 
incomplete repair. Studies utilising the "Comet" assay 
have documented the effects of nicotine on human 
tonsillar tissue,[28] parotid gland cells [29], spermatozoa 
[30], and nasal mucosa [26,27]. However, after 24 h of 
incubation, Ginzkey, et al, [25] could not find any 
evidence of nicotine's impact on human lymphocytes. 
The absence of effects could be caused by potential 
repair of DNA single-strand breaks during the 24-hour 
incubation period, according to the authors, since the 
Comet assay is known to detect DNA single-strand 
breaks (SSB), alkali-labile sites, and incomplete 
excision-repair sites in proliferating and non-
proliferating cells. When Argentin and Cicchett used 
human gingival fibroblasts to study the creation of 
micronuclei (MN) by nicotine, they discovered that 
treating the cells with 1 μM nicotine greatly increased the 
frequency of MNs [31]. Antioxidant additions 
dramatically reduced the development of MN, hence 
mitigating the effects of nicotine. A work involving 
human cells, also reported induction of MN; 
nevertheless, a larger dosage of nicotine (100 μM) was 
required [25]. Chromosome breakage and disruption of the 
chromosome-segregation system are the mechanisms that 
contribute to the creation of MN; hence, MN formation 
constitutes an irreversible harm to DNA. Cheng et al. 
demonstrated the production of an adduct between 
nicotine and DNA [32]. Hecht, however, has conducted a 
more recent investigation that does not support this [33]. 
The processes that give rise to nicotine's genotoxic 
effects are yet unknown. However, it is crucial that the 
effects are felt at nicotine concentrations that are not all 
that different from what smokers' blood contains. The 
observation that the effects of nicotine diminish when 
antioxidants are present implies the involvement of 
oxidative radicals. Furthermore, co-incubation with a 
nAChR antagonist has been shown to reduce DNA 
damage, suggesting a receptor-dependent mechanism for 
oxidative stress generation [27].   

In Vitro STUSIES ON CELL CULTURES: 
Signaling pathways: 
High nicotine doses are lethal, but low nicotine 
concentrations promote cell growth [34]. The amounts of 
nicotine in the bloodstreams of smokers and oral tobacco 

users match the amounts that promote cell division in 
cells. In this regard, it is significant that nAChR 
antagonists block the promotion of cell proliferation by 
nicotine and that nAChRs are also expressed on non-
neuronal epithelial and endothelial cells [35]. It has been 
suggested that nicotine increases cyclin D1 to encourage 
cell division [36]. When nicotine and other nicotine 
metabolites bind to nAChRs, signalling pathways and 
reactions are triggered, which promotes cell survival and 
proliferation. Epidermal growth factor receptor (EGFR) 
transactivation and the activation of mitogenic and 
antiapoptotic pathways are the outcomes of nicotine-
mediated release of EGF via nAChRs [37, 38]. β-adrenergic 
receptors (β-ARs) are physiologic ligands for adrenaline 
and noradrenaline, which are released by nicotine. This 
process causes β-AR to bind to and become activated. 
Numerous oncogenic and mitogenic signalling cascades 
are triggered as a result, activating proliferative pathways 
and causing the production of arachidonic acid, VEGF, 
and EGF [39–41]. Furthermore, it has been discovered that 
nicotine binds to β-ARs themselves [39]. One of the 
essential processes for the development of a malignant 
phenotype is the epithelial–mesenchymal transition 
(EMT), which is induced by nicotine. The cell can 
become migratory as a result of this transformation, 
which could help cancer metastasis [42]. Damage to DNA 
activates the tumour suppressor Chk2, which is reduced 
by nicotine. The reduction in Chk2 seen in nicotine-
exposed cells implies that nicotine has the ability to 
bypass DNA damage checkpoint activation, interfere 
with genetic monitoring, and raise the risk of 
oncogenesis [43]. 

Angiogenic growth: 
In vitro, nicotine mimics the actions of other angiogenic 
growth factors by promoting endothelial cell migration, 
proliferation, survival, tube formation, and nitric oxide 
(NO) generation [44,45]. At tissue and plasma 
concentrations comparable to those brought on by mild 
to moderate smoking, nicotine was discovered to be a 
powerful angiogenic agent in 2001 [46]. Numerous tumour 
cells, including breast, colon, and lung cells, have shown 
effects of nicotine on angiogenesis [47,48]. Comparable 
outcomes have also been shown among in vivo lung 
cancer mice models, where nicotine markedly increased 
lung tumour size and quantity as well as improved 
metastasis [49]. 
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Interference with cancer therapy: 
Nicotine at concentrations as low as 1 μM was reported 
to reduce the anti-proliferative and pro-apoptotic effects 
of chemotherapy on a variety of malignant cell lines in 
many in vitro investigations [50–52]. Exposure to α-
bungarotoxin (α-BTX), an inhibitor of α7-nAChR, 
partially reversed these effects [51]. Nicotine treatment 
improved the survival of H460 and A549 lung cancer 
cells under radiotherapy (RT). Adding α-BTX before 
adding nicotine and radiation also reduced this impact 
[53]. It is anticipated that the use of nicotine products 
during cancer therapy may lessen the effects caused by 
reactions that arise from the interaction between nicotine 
and α7-nAChR. In 1998, it was discovered [54] that in 
lung cancer cells, nicotine stimulates the mitogen-
activated protein (MAP) kinase signalling pathway. As a 
result, apoptosis is inhibited and the bcl-2 protein is 
expressed more often. These side effects could 
potentially lessen the impact of chemotherapy in smokers 
[44]. 

Cotinine: 
At a dosage of 0.1 μM, it was discovered that cotinine 
greatly increased the growth of human lung 
adenocarcinoma A549 cells. The phosphoinositide 3-
kinase inhibitor LY294002 eliminated the effect [55]. 
Furthermore, a 0.01 μM dose of cotinine was discovered 
to decrease caspase-mediated apoptosis, hence inhibiting 
doxorubicin-induced apoptosis. For programmed cell 
death, cysteine-aspartic proteases, also known as 
caspases, are required. These findings revealed that 
cotinine, like nicotine, inhibited apoptosis via the 
PI3K/Akt pathway. 

IN VIVO STUDIES ON RODENTS: 
Carcinogenicity studies with nicotine: 
Sixty-eight female Sprague-Dawley rats were inhaled 
with nicotine for twenty hours, five days a week [56]. 

There were thirty-four animals in the control group. The 
amount of nicotine in the air was 500 μg/m3, and in the 
plasma of exposed rats, the quantity of nicotine was 
slightly more than 100 ng/ml. At one year, forty-four (65 
%) exposed rats and seventeen (50 %) controls were 
alive; at 1.5 years, thirty (44 %) exposed rats and nine 
(26 %) controls remained alive. After 24 months of 
research, the surviving rats - 22 (32 %) of which had 
been exposed to nicotine, and 7 (21 %) of which had not 
- were slaughtered and their tumours checked. In the 
exposed group, the percentage of pituitary gland tumours 
was greater (5/59 versus 0/25). However, because the 

exact moment of tumour discovery is unknown, 
evaluating the data is challenging. Furthermore, the 
dosages utilised in animal trials to assess possible 
carcinogenic effects are often many times larger than 
those that humans may be exposed to, owing to the low 
sensitivity of these investigations. In an animal trial, the 
greatest dose should typically cause toxicity and a 10 % 
weight loss. In the current study, the exposed animals' 
plasma nicotine level was only marginally higher than 
that of smokers, and their weight loss after 24 months 
was only 3 % less than that of the controls. Therefore, it 
is impossible to draw definite conclusions from the 
experiment because of the exposure dosages employed 
and the missing information in the publication. During a 
24-month period, female A/J mice were given 
subcutaneous (s.c.) injections of nicotine hydrogen 
tartrate (3 mg/kg bw/day, 5 days/week), whereas a 
control group was given saline injections [57]. According 
to the study, neoplasms originating from the uterine or 
skeletal muscle occurred in 73 % of the nicotine-treated 
mice but not in any of the control animals. 
Rhabdomyosarcoma was the diagnosis for the tumours in 
the quadriceps, and leiomyosarcoma for those in the 
uterus. Metastases were not seen. While leiomyosarcoma 
in A/J mice can develop spontaneously, 
rhabdomyosarcoma cannot [58], suggesting that the 
development of leiomyosarcoma was unique to the 
experimental nicotine therapy. Thus, the results of the 
experiment could indicate that nicotine is a whole 
carcinogen. For the duration of their lives (up to 64 
weeks), male Syrian golden hamsters kept in 60 % 
hyperoxia and given subcutaneous nicotine injections 
developed a small but noteworthy number of tumours 
(2/16 adenocarcinomas of the nasal cavity; one of these 
hamsters also had an adenocarcinoma of the adrenal 
gland, and 2/16 carcinomas and 2/16 adenomas of the 
lung) [59]. Metastases were not seen. No organ tumours 
appeared in hamsters that were given saline injections 
and kept in 60 % hyperoxia or that were given nicotine 
and kept in room temperature. The addition of nicotine 
hydrogen tartrate to the drinking water of female 
C57Bl/6 mice and female Wistar Han rats for four weeks 
caused the epithelium of their bladders to enlarge [60]. 
There is no way to conclude anything from this 4-week 
trial, even if these data would be compatible with 
induction of an early-stage carcinogenicity. There are no 
documented long-term animal trials of the kind often 
used to assess carcinogenicity for nicotine, with the 
exception of the inhalation experiment by Waldum, et al 
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[56]. This study's flaws prevent any conclusions from 
being made. In general, results from injection-based 
trials are regarded as less significant for assessing 
carcinogenicity, unless the tumours cause metastasis. 
Therefore, it is now unable to make any conclusions on 
the potentially carcinogenic impact of long-term nicotine 
therapy. 

Cocarcinogenicity and promoter activity: 
In a rat stomach model, nicotine demonstrated promoter 
activity with MNNG (N-methyl-N′-nitro-N-
nitrosoguanidine) as initiator and cocarcinogenic impact 
with DMBA (7,12-dimethylbenz[a]anthracene) [61]. 
Nicotine treatment alone had no impact in the 
aforementioned tests. In a rat mammary tumour model, 
nicotine had no effects when NMU (N-
nitrosomethylurea) was used as an initiator. On the other 
hand, tumours occurred in all mice treated with NMU 
alone [63]. In a rat experiment [64] nicotine was shown to 
have an anticancer impact on hormone-dependent 
autochthonous mammary carcinomas produced by water-
soluble nitrosourea HECNU. After initiation with 
FANFT (N-[4-(5-nitro-2-furyl)-2-thiazolyl] formamide), 
both trans-nicotine-N′-oxide and a combination of cis- 
and trans-nicotine-N′-oxides increased induction of 
forestomach tumours in the rat, but not urinary bladder 
tumours. Additionally, cotinine was investigated as a 
promoter, but it had no impact [65]. 

Initiation by NNK: 
Five studies using NNK (100 mg/kg bw, weekly in 1 to 4 
weeks) as an initiator and nicotine as a promoter have 
been found in mice. In two investigations [49,66], nicotine 
was given intraperitoneally (1 mg/kg bw) three times a 
week for a duration of 10 to 28 weeks, and in three other 
experiments [55,67,68], it was injected into the drinking 
water (0.07 to 0.1 mg/ml) for a duration of 12 to 44 
weeks. In the two trials, nicotine following an 
intraperitoneal injection demonstrated promoter activity; 
however, following nicotine in the drinking water, there 
was either no promoter activity or very little non-
significant activity. As the dosage per injection was the 
same in all trials, it is doubtful that variations in the 
effects of nicotine are the result of the initiator NNK's 
delivery. Furthermore, Iskandar, et al.'s experiment [66] 
had just one NNK injection among the i.p. injection of 
nicotine studies. The mice in the drinking water trials 
were injected with 1-3 NNK. Furthermore, it is 
improbable that the variation may be explained by the 
length of the promotion period, which varied between 10 

and 28 weeks for intraperitoneal injection studies and 
between 12 and 44 weeks for drinking water studies. 
Because the parietal section of the peritoneum drains 
directly into the systemic circulation, the variation in 
findings is most likely a function of the method used to 
administer the nicotine. There are very few studies that 
have tested the amounts of nicotine and cotinine in blood 
and urine. The finding that Murphy, et al,[67,68] found 
modest levels of cotinine and nicotine in blood following 
the addition of nicotine to drinking water is the most 
intriguing. They discovered 29 ng/ml of cotinine and 
0.26 ng/ml of nicotine. Hence, the cotinine to nicotine 
ratio is almost 100. The serum levels from the other 
investigations are not accessible. Nevertheless, Zhou, et 
al,[69] assessed the levels of nicotine and cotinine in the 
blood following an intraperitoneal dose of 1 mg/kg bw in 
CYP2A5 WT mice. They found a nicotine level of 
45 ng/ml, which decreased to 0 after 60 min and a 
cotinine level 300 ng/ml, which decreased to 0 after 
240 min. Hence, the cotinine and nicotine ratio is around 
5, and the amount of nicotine was almost 100 times 
greater than that [68]. When tested concurrently in blood 
or other tissues, the cotinine concentration following 
tobacco product use in humans is typically 10 times or 
less greater than the nicotine concentration [1,70]. The 
drinking water trials may have had less control over the 
mice's total nicotine intake due to a significant first-pass 
metabolism of nicotine in the liver before it enters the 
systemic circulation, which might account for the 
significant variation in nicotine consumption. Only 
around 30 % of oral nicotine administration is estimated 
to reach the circulation, according to a study conducted 
by Matta and colleagues [71]. The other 70 % is 
metabolised predominantly to cotinine before to entering 
the bloodstream. The measures taken right after 
intraperitoneal (i.p.) nicotine injections yielded findings 
comparable to those of smokers who consume around 25 
cigarettes per day. It is possible that low blood nicotine 
levels are the cause of the absence of effects of nicotine 
in the drinking water tests. Because the A/J strain of 
mice is more sensitive to lung carcinogens than the C3H 
and C57BL/6 strains, most studies including promotion 
following commencement with NNK have used this 
strain. There might be more than one contributing 
element to the unknown mechanisms of varying 
susceptibility. NNK has been shown to significantly 
upregulate the expression of COX-2 and α7-nAChRs in 
the A/J lung, which may explain why this lung type is 
more vulnerable to NNK-induced lung cancer [72].  
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Effects on tumor progression: 
There are six studies that address how nicotine affects 
the growth of tumours. In these tests, mice were given 
injections of cancerous cells, and then they were given 
nicotine treatments. In two studies, the addition of 
nicotine to drinking water did not result in any noticeable 
effects. In the first investigation, conducted by Jarzynka, 
et al. [73] nicotine (0.2 mg/ml drinking water) was given 
to ovariectomised nude mice for five weeks following 
the implantation of human A549 bronchioloalveolar 
cancer cells. The tumour sizes dramatically increased in 
the mice if oestradiol was additionally administered. The 
other experiment conducted by Maier, et al. [67] involved 
injecting CL13, IO33, or CL25 cells (all cell lines 
originating from a lung adenocarcinoma) with nicotine 
0.1 mg/ml in drinking water or 0.8 mg/kg bw by 
intraperitoneal injection three times a week for two to 
five weeks. Nicotine drinking water and intraperitoneal 
(i.p.) injections did not promote tumour development or 
metastasis formation. According to the researchers, there 
is a dosage at which nicotine has no discernible effects. 
Conversely, after implanting Line1 murine 
adenocarcinoma cells subcutaneously into syngenic 
BALB/c mice, Davis, et al. [49] found that nicotine 
treatment by intraperitoneal injections or transdermal 
patches subsequently increased tumour development, 
metastasis formation, and tumour recurrence. The mice 
given nicotine intraperitoneally (i.p.) had an average 
cotinine content of 3 μg/ml in their urine, but the mice 
given nicotine transdermally (t/d) had an average 
cotinine concentration of 5 μg/ml, according to the 
authors. Cotinine levels in urine have been observed to 
range from 1.5 to 8.0 μg/ml in human smokers. Male 
athymic nude mice were injected subcutaneously (s.c.) 
with Panc-1 cells, a cell line derived from a human 
pancreatic cancer, by Al-Wadei, et al. [74] who discovered 
that 0.2 mg/ml of nicotine in drinking water markedly 
enhanced the xenograft volumes. Both nicotine (0.1 
mg/ml) and cotinine (0.1 mg/ml) in drinking water 
significantly boosted tumour growth when Lewis lung 
carcinoma cells were implemented in mice, according to 
a research conducted by Nakada, et al. [55] using an in 
vivo lung cancer model. Furthermore, vascular 
endothelial cells' capillary development was increased by 
both nicotine and cotinine. In the Lewis lung cancer 
model, Heeschen, et al. [46] investigated whether nicotine 
may promote tumour angiogenesis. After the cancer cells 
were implanted and the mice were given nicotine (0.1 
mg/ml) for 16 days, the tumour development in the 

nicotine group significantly outpaced that of the vehicle-
treated group, necessitating the mice's death. The 
enhanced vascularization of the tumour tissue correlated 
with the acceleration of tumour development seen in the 
nicotine group. In a follow-up study, it was discovered 
that nAChR antagonists eliminated nicotine's 
proangiogenic impact. In four out of the six trials, 
nicotine accelerated the growth of the tumour. 
Improvements were observed following nicotine 
exposure by intraperitoneal injection, oral medication, 
and skin application. Additionally, cotinine did promote 
the formation of tumours. 

Reduced protection from cancer immunosurveillance: 
Vaccines have a lower effect on smokers [75,76]. It is 
unknown yet how this impact on host immunity works. 
Reduced interleukin-2 (IL-2) production in mitogen-
stimulated human peripheral blood mononuclear cells 
demonstrated a general immunosuppressive impact of 
nicotine [77]. It was shown by Nouri-Shirazi and Guinet[78] 
that mice given a protein-based vaccination containing 
Th1 adjuvants would not generate a sufficient number of 
effector/memory T cells in response to nicotine exposure. 
Furthermore, the animals were not protected against an 
otherwise preventive and therapeutic vaccine by the 
prime-boost immunisation, which remembered 
insufficient memory response. Furthermore, it has been 
noted that nicotine exposure has a negative impact on 
dendritic cells, a kind of cell involved in 
immunosurveillance against cancer [79]. 

Chemotherapy and radiotherapy: 
In 1988, Berger and Zeller [80] observed that giving 
nicotine to transplanted rats with L5222 leukaemia 
lessened the anticancer efficacy of cyclophosphamide 
(CPA). However, it was shown that administering 
nicotine, as opposed to the anticancer medication 
HECNU alone, led in higher tumour suppression using a 
mammary carcinoma model. The authors made the point 
that more research is necessary in conjunction with other 
groups of cytotoxic medications. In vivo responses to 
radio therapy (RT) and chemoradiotherapy (CRT) were 
examined by Warren, et al. [53] Athymic male nude H460 
human lung cancer cells were injected into Foxn1nu 
mice to create single xenografts in the right rear flank. 
When compared to RT or CRT alone, the addition of 
nicotine throughout the 5-day fractionated RT or CRT 
therapy boosted xenograft regrowth. Further evidence 
that nicotine exposure, particularly during treatment, is a 
crucial factor in determining therapeutic outcome comes 
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from the observation that short-term nicotine (every 
other day for six days) produced tumour regrowth curves 
that were similar to those of long-term nicotine (every 
other day during treatment, maximum 28 days). 
Subsequent investigation reveals that nicotine seems to 
boost the expression of HIF-1α (hypoxia-inducible factor 
1, alpha subunit) in vivo while leaving a clinical 
indicator of tumour hypoxia (immunohistochemical 
CAIX expression) unchanged. The in vivo effects of 
nicotine on therapeutic response, according to the 
scientists, validate its role as a systemically accessible 
tobacco component that lowers the effectiveness of 
cancer therapies. Male athymic nude mice were 
subcutaneously injected with BXPC-3 cells, which are 
known to cause pancreatic ductal adenocarcinoma, in the 
flank area by Banerjee, et al. [52]The mice received 
treatment with either 50 mg/kg bw gemcitabine 
administered intraperitoneally twice a week, 1 μM 
nicotine added to the drinking water, or both of these 
treatments. The mice were followed for 30 days after the 
tumour cells were injected subcutaneously, and all 
treatments commenced one day after. In weeks 2 to 4, 
mice treated with gemcitabine alone had a 20 % 
reduction in xenograft volumes. In weeks 2 to 4, the 
therapeutic benefit of gemcitabine was considerably 
(p<0.001) diminished by nicotine therapy. BXPC-3 
xenografts of the mice treated with gemcitabine alone 
demonstrated elevated protein levels of cleaved caspase-
3, which is consistent with the drug's known capacity to 
cause apoptosis. On the other hand, nicotine totally 
eliminated the induction of cleaved caspase in response 
to gemcitabine (p<0.001). Concerns about the use of 
NRT in cancer treatment have been raised due to the 
effects of nicotine during in vivo chemotherapy and 
radiation therapy [52,53]. NRT has the benefit of not 
contributing to the high concentration of carcinogens 
seen in cigarette smoke [53].  

Effects on Humans: 
As far as we are aware, no pertinent human studies have 
been conducted on the carcinogenic potential of pure 
nicotine, including its use in NRT and e-cigarettes. 
Because exposures to some tobacco-specific elements 
may be identical, observational research on smokers and 
oral tobacco users may still offer valuable insights into 
possible consequences. Nicotine is a tobacco component 
where blood concentrations are similar during smoking 
and use of oral tobacco [81]. Thus, a quick summary of the 
effects of tobacco usage on people will be provided. 

Use of tobacco prior to cancer diagnoses: 
It has been shown in the literature for a number of 
different forms of cancer that current tobacco users, both 
those who smoke and those who use smokeless tobacco, 
have a greater risk of dying from cancer than do never 
users [82–93]. This section will only cover a small number 
of studies. In a study conducted by Nordenvall, et al, [90] 
336,381 Swedish construction workers' tobacco usage 
and cancer patients' risk of mortality were examined. 
There were 40,230 confirmed cases of cancer. The 
analysis included hazard ratios and 95 % confidence 
intervals (CIs) for death from cancer, death from other 
causes, and death from any cause. References were never 
smokers of any kind. Both never-smoking snus users 
(HR = 1.15, 95 % CI: 1.05 to 1.26) and exclusive 
smokers (HR = 1.15, 95 % CI: 1.10 to 1.21) had higher 
odds of dying from cancer. It should be mentioned that 
the oral mucosa absorbs the majority of the nicotine in 
the case of snus consumers. To explain these results, the 
authors suggested that nicotine may be the common 
cause for all this. The fact that the consequences extend 
beyond individuals with malignancies attributable to 
tobacco use is intriguing. Men who smoke cigarettes 
before to diagnosis seem to have a poorer prognosis, 
even though smoking is not believed to be a risk factor 
for prostate cancer [87,89,93,94]. A recent abstract by Wilson, 
et al, [93] detailed a research on 9582 Swedish 
construction workers who had prostate cancer. Exclusive 
smokers were more likely to die from prostate cancer 
(HR = 1.15, 95% CI: 1.05 to 1.27) and from all causes 
(HR = 1.17, 95% CI: 1.09 to 1.26) than those who never 
used tobacco. Additionally, users of exclusive snus were 
more likely to die from prostate cancer (HR = 1.24, 95 % 
CI: 1.03 to 1.49) and from all causes (HR = 1.19, 95 % 
CI: 1.04 to 1.37). The findings, according to the 
scientists, point to the possibility that nicotine, rather 
than the combustion products of tobacco smoke, may 
accelerate the development of cancer.  

Use of tobacco after diagnosis and during cancer 
treatment: 
Individuals who have smoked both before and after 
receiving a cancer diagnosis and treatment have also 
previously used tobacco. When evaluating survival or 
recurrence, it can be challenging to distinguish between 
the effects of tobacco use before diagnosis and 
throughout cancer therapy. Furthermore, the majority of 
the research focuses on smokers and just a small portion 
on alternative drugs that contain nicotine, such as oral 
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tobacco. The next section discusses certain trials where it 
is made clear that the participants smoked while 
receiving therapy. It is well known that smoking has a 
negative impact on surgery. This has been shown in the 
context of cancer surgery as well. A research by 
Sorensen, et al. [95] on 425 patients who had breast cancer 
surgery at a Danish hospital that included basic 
mastectomy, modified radical mastectomy, or breast 
conserving surgery serves as an example. The scientists 
came to the conclusion that smoking is a predictor of 
epidermolysis, skin flap necrosis, and post-mastectomy 
wound infection, regardless of other risk variables. In 
every instance, heavy smoking had greater impacts than 
low smoking. Patients with prostate cancer who smoked 
after a radical prostatectomy experienced a greater rate of 
recurrence (34.3 versus 14.8 %) in a 
study [96]. About 2358 patients with clinically localised 
prostate cancer who had external beam radiation 
treatment (EBRT) between 1988 and 2005 were 
monitored by Steinberger, et al [97]. The odds of distant 
metastases [HR 2.30 (1.57 to 3.36), prostate cancer-
specific mortality [HR 2.25 (1.30 to 3.88)], and prostate-
specific antigen recurrence [HR 1.37 (1.04 to 1.84)] were 
all substantially elevated by current smoking. 
Furthermore, after EBRT, smokers both present and past 
were more likely to experience long-term genitourinary 
toxicity, irrespective of the length or intensity of their 
exposure. It is well acknowledged that quitting smoking 
during cancer therapy improves responsiveness and 
increases survival [98]. This finding is supported by 
epidemiological research as well as in vitro and in 
vivo trials. Nicotine might be a factor in these outcomes.  

CONCLUSION: 
Carcinogenic chemicals, including polycyclic 
hydrocarbons (PAH) and tobacco smoke aerosol (TSNA) 
are present in varying concentrations in all tobacco 
products. These compounds are known to be significant 
in the development of cancer. Experimental in vitro 
research on cell cultures, in vivo studies on rodents, and 
human investigations, including epidemiological studies, 
have shown evidence that nicotine may have a role in the 
development of cancer by activating many critical 
pathways. Nicotine binds to nicotine acetylcholine 
receptors (nAChRs) more strongly than acetylcholine, 
and nicotine functions largely by activating these 
receptors. Moreover, following oral administration, 
nicotine may be converted to the TSNA compounds 
NNN (N′-nitrosonornicotine) and NNK (4-

(metylnitrosamino)-1-(3-pyridyl)-1-butanon). The 
examination of possible hazardous effects from non-
tobacco related sources of nicotine, such as e-cigarettes 
and NRT, is crucial due to the role that nicotine plays in 
carcinogenesis. In vitro studies have demonstrated that 
nicotine causes MN, CA, SCE, and single-strand DNA 
strand breaks. Since the effects are lessened when 
antioxidants are present, oxidative stress is most likely 
involved. The results show that co-incubation with a 
nAChR antagonist reduces the effects, suggesting a 
receptor-dependent mechanism for oxidative stress 
generation. Nicotine's interaction with nAChRs triggers 
signalling pathways that lead to a variety of outcomes, 
including enhanced cell survival and proliferation. While 
nAChRs are the main receptors, nicotine binding to 
EGFRs and β-ARs may potentially be significant. EMT, 
which is triggered by nicotine, contributes to the 
development of a malignant phenotype. Furthermore, 
nicotine causes modifications that resemble angiogenic 
growth factor actions. It is currently impossible to 
determine if nicotine by itself has the potential to cause 
cancer. Nicotine functions as a promoter following 
injection or skin absorption in mice experiments using 
NNK as an initiator, but not following oral treatment. 
Before nicotine enters the systemic circulation, there is 
significant first-pass metabolism of nicotine in drinking 
water trials. Hence, compared to intraperitoneal 
treatment, the serum level is much lower after 
consumption. Nicotine accelerated the formation and 
spread of tumours in mice injected with cancerous cells. 
Improvements were observed following the 
intraperitoneal, oral, and cutaneous delivery of nicotine. 
Additionally, cotinine did promote the formation of 
tumours. The antitumor immune response may be 
inhibited by nicotine. Additionally, it has been shown 
that nicotine exposure has a negative impact on dendritic 
cells, a kind of cell involved in immune surveillance 
against cancer. Furthermore, nicotine has been shown to 
lessen the effects of RT and CRT in tests on mouse 
xenografts. Even for malignancies believed to be 
unrelated to tobacco use, users of smokeless tobacco, 
such as snus, and current smokers have been found to 
have worse overall survival and specific disease survival 
following cancer diagnoses when compared to never 
smokers. Patients should be encouraged not to use 
nicotine products during cancer treatment unless it is 
temporarily necessary to quit tobacco use, even if 
additional research on the health consequences of 
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nicotine in people is necessary based on in vitro and in 
vivo effects of nicotine.  

ABBREVIATIONS: 
α-BTX: α-bungarotoxin; β-AR: β-adrenergic receptor; 
Ach: acetylcholine; CA: chromosomal aberration; CI: 
confidence interval; CPA: cyclophosphamide; CRT: 
chemoradiotherapy; DMBA: 7,12-
dimethylbenz[a]anthracene; DSB: double-strand breaks; 
EBRT: external beam radiotherapy; EGF: epidermal 
growth factor; EGFR: epidermal growth factor receptor; 
EMT: epithelial–mesenchymal transition; FANFT: N-[4-
(5-nitro-2-furyl)-2-thiazolyl]formamide; HR: hazard 
ratio; IARC: International Agency for Cancer Research; 
MAP: mitogen-activated protein; MNNG: N-methyl-N′-
nitro-N-nitrosoguanidine; nAChRs: nicotinic 
acetylcholine receptors; MN: micronuclei; NMU: N-
nitrosomethylurea; NNAL: 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol; NNK: 4-(metylnitrosamino)-1-(3-
pyridyl)-1-butanon; NNN: N′-nitrosonornicotine; NRT: 
nicotine replacement therapy; PAH: polycyclic 
hydrocarbons; RT: radiotherapy; SCE: sister chromatide 
exchange; SSB: single-strand breaks; TSNA: tobacco-
specific N-nitrosamines. 
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