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Abstract 

Background: Tobacco use is responsible for millions of preventable deaths due to cancer. Nicotine, an 

alkaloid chemical found in tobacco was proved to cause chronic inflammation and oxidative stress. The 

transcription factor STAT1 induces the expression of many proinflammatory genes and has been suggested 

to be a target for anti-inflammatory therapeutics. The following study investigated the effect of Nicotine on 

STAT1 pathway and oxidative stress in rat lung tissue. 

Methods: Thirty rats were divided into 3 groups; group I considered as control, group II; its rats were 

daily injected with Nicotine at a dose of 0.4 mg/100 gm body for 8 successive weeks and group III; 

its rats were daily injected with Nicotine as group II, but the injection was stopped for another 4 

weeks. STAT1α protein was assessed by immunohistochemistry, COX-2 and iNOS genes expression 

were evaluated by real time PCR and thiobarbituric acid reactive substances (TBARS) and total thiols 

were measured using spectrophotometric methods in the lung tissues of the rats. 

Results: The results of the study revealed that group II rats had the highest expression of STAT1α protein 

and COX-2 and iNOS genes and oxidative stress in their lung tissues. Nicotine cessation for 4 weeks 

caused a marked reduction in the expression of STAT1α protein, COX-2 and iNOS genes and oxidative 

stress.  

Conclusions: Induction of STAT1 pathway and the increase in oxidative stress may be the 

mechanisms through which Nicotine may induce its harmful effects. 
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Introduction 
Tobacco leaves used for smoking contain an 

abundant amount of the alkaloid chemical, 

Nicotine (1). Proliferation, angiogenesis and 

growth of tumors was observed in cell lines of 

non- small cell lung cancer (NSCLC) and 

animal models of NSCLC on exposure to 

Nicotine (2). Furthermore, oxidative stress and 

apoptosis can be triggered by Nicotine in many 

cell types and tissues (3). For example, cigarette 

smoke induces apoptosis mediated by reactive 

oxygen species in rat gastric mucosa (4). 

STAT1 is a member of the STAT (Signal 

transducer and activator of transcription) family  

 

 

of proteins. These proteins act as transcription 

factors as their phosphorylation causes their 

activation, dimerization and translocation to the 

nucleus. STAT1 protein can be activated by 

several ligands such as Interferon alpha (IFNα), 

Interferon gamma (IFNγ), Epidermal Growth 

Factor (EGF), Platelet Derived Growth Factor 

(PDGF), IL-6 and IL-27 (5). Many 

physiological processes like immune response, 

proliferation, apoptosis, and cell survival are 

regulated by STAT1 (6). STAT1 expression 

increases in response to oxidative stress and 

inflammatory stimuli (7). Alternative splicing 
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generates 2 naturally occurring isoforms of 

STAT1: STAT1α (91 kDa) and STAT1β (84 

kDa) (8). STAT1α is considered the active 

isoform of STAT1 that regulates cell growth 

and apoptosis (9). Cyclooxygenase 2 (COX-2) 

is an inducible enzyme expressed in immune 

cells and catalyzes the synthesis of 

proinflammatory prostaglandins (mainly 

PGE2) from arachidonic acid. Prostaglandins 

trigger the production of many 

proinflammatory chemokines and cytokines 

(10). Inducible nitric oxide synthase (iNOS, 

encoded by NOS2A) produces NO in response 

to environmental stimuli, which can result in 

nitrosative stress. (11). STAT1 mediates COX-

2 and iNOS expression (12, 13).  

The present study evaluated the effect of 

Nicotine injection and its cessation on STAT1α 

protein expression, the gene expression of 

COX-2 and iNOS, lipid peroxides and tiol 

group content in rat lung tissues. 
  

Materials and Methods 
Animals and experimental design 

Thirty healthy male albino rats weighing from 

200 to 250 gm were housed in clean and 

adequately ventilated cages under the same 

environmental conditions, fed a standard 

laboratory food and water ad libitum. The rats 

were divided into 3 groups of 10 rats as 

following: control group (Group I) was 

received saline by subcutaneous injection, 

Nicotine Treated Group (Group II) was 

injected subcutaneously with Nicotine (in the 

form of powder, dissolved in distilled water, 

Sigma chemical company) in a dose of 0.4 

mg/100 gm body weight daily for 8 successive 

weeks (14) and Nicotine cessation group 

(Group III) was injected subcutaneously with 

the same dose of Nicotine as group II (0.4 

mg/100 gm body weight daily) for 8 weeks, 

then Nicotine injection stopped for 4 weeks. At 

the end of the study, the rats were sacrificed 

using ether inhalation as an anesthetic and 

carefully dissected and the lungs on both sides 

were removed. Tissues from both lungs were 

used for RNA extraction, determination of 

lipid peroxides and total thiol group and 

preparation of paraffin blocks for 

immunohistochemistry. 

Real- time PCR assay of COX-2 and iNO 

synthase gene expression:  

RNA was extracted from lung tissues using 

RNA extraction kit (PureLink™ RNA Mini 

Kit). Total RNA was reverse transcribed to 

cDNA using High-Capacity cDNA Reverse 

Transcription Kit, according to the 

manufacturer's instructions. The amplification 

of cDNA was done using the primers 

mentioned in Table 1. A  reaction mixture  of 25 

µL  containing 1X SYBR® Green PCR Master 

Mix, forward and reverse primers and the c 

DNA was prepared and amplified using 

StepOne real time PCR apparatus, applying the 

following cycling conditions: 95 °C 

denaturation step for 2 min followed by 40 

cycles of 95 °C for 15 sec then, 60 °C 

annealing and extension for 60 sec. The 

housekeeping gene GAPDH was used to 

normalize the quantities of the target genes. 

Data were calculated using comparative 2-

Δ.Δ.CT method. 

 
Table 1. primers used for gene expression assay.   

product 

length 
Reverse primer Forward primer Transcript 

98 bp 

106 bp 

111 bp 

5'- TGGTAACCGCTCAGGTGTTG -3 

5'- CTTGTGGTGAAGGGTGTCGT-3' 

5'-CCCATAACCCCCACAACACTG-3' 

5- GATGACGAGCGACTGTTCCA-3′ 

5'- AGAATCCCTGGACAAGCTGC-3' 

5'-CCCCATAACAACAGGAGGGG -3 

COX-2 

iNOS  

GAPDH 

 

Immunohistochemistry of STAT1 protein 
Using the STAT1 alpha p91 (C-111) antibody 

(Santa Cruz Biotechnology, Inc.), we 

performed immunohistochemistry and the  

 

staining results were independently evaluated. 

For the quantification of 

immunohistochemistry, STAT1 alpha p91 

 [
 D

O
I:

 1
0.

52
54

7/
rb

m
b.

10
.3

.4
29

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ld
.r

bm
b.

ne
t o

n 
20

26
-0

6-
14

 ]
 

                               2 / 8

http://dx.doi.org/10.52547/rbmb.10.3.429
http://old.rbmb.net/article-1-680-en.html


Nicotine and STAT1 Pathway 

       Rep. Biochem. Mol. Biol, Vol.10, No. 3, Oct 2021  431 

strongly positive stained cells were counted in 

ten high power fields in each rat using the light 

microscope Leica ICC50 Wetzlar (Germany) 

at the Histology Department, Faculty of 

Medicine, Sohag University. 

Assay of Oxidative stress 
Tissue was homogenized (10%, w/v) in 

ice-cold sucrose buffer (0.25 M) and then 

centrifuged at 10,000 x g for 20 min at 4°C and 

the supernatant was used for assay of lipid 

peroxides and total thiol. 

Lipid Peroxidation assay 

The lipid peroxides were determined using the 

reaction between thiobarbituric acid (TBA) 

and malonyldialdehyde (MDA). Two 

molecules of TBA react with one molecule of 

MDA and 2 molecules of water are removed. 

A red chromophore will be formed that 

absorbs light at 532 nm. Results were 

expressed as nanomoles of MDA/ g tissue (15). 

Thiol group assay 

Modified Ellman’s method was used to 

measure thiol levels. 7 5, 5′-dithiobis-2-

nitrobenzoic acid (DTNB) reacts with thiol 

compounds (-SH groups) to give a yellowish 

complex, which is measured at 520 nm. The 

values were expressed as nmole of reduced 

thiol/gm tissue (16). 

Statistical analysis 

Data were represented as mean±SD. Analysis 

of variance (ANOVA), followed by Tukey's 

Multiple Comparison Test was used to 

compare the data of the different groups. 

Pearson correlation analysis was used in the 

study. P-values less than 0.05 were considered 

significant.  

Results 
This study evaluated the effect of Nicotine 

injection and its cessation on the expression of 

STAT1α protein, the gene expression of COX-

2 and iNO synthase, lipid peroxides and –SH 

group in the lung tissues of rats.  

The gene expression of COX-2 and iNO 

synthase 

As indicated in Table 2; the expression of 

COX-2 and iNOS genes increased in lung 

tissues of group II (Nicotine Treated Group) 

compared to group I (p< 0.0001). Nicotine 

stoppage in group III resulted in a marked 

reduction in the gene expression of the two 

studied genes compared to group II rats (p< 

0.0001). A strong positive correlation was 

found between COX-2 and iNOS genes 

expression in group II rats (r= 0.885). 

 
Table 2. Gene expression of COX-2 and iNOS 

 
Group I (n= 10) Group II (n= 10) Group III (n= 10) 

iNOS 

COX-2 

1.06±0.06 

1.05±0.04 

3.98±0.58***a 

5.08±0.51***a 

2.3±0.4***b 

3.1±0.52***b 

***a p< 0.0001, compared to group I, ***b p< 0.0001, compared to group II 

 

Histomorphometric results of STAT1 α 

protein immunohistochemistry 

As shown in Table 3 and figures (1, 2 & 3); the 

mean number of STAT1 α protein strongly 

positive stained cells per ten high power fields 

(cells/HPF) in lung tissues of group II rats was 

significantly higher than in group I rats 

 

(p< 0.0001). In group III rats, the number of 

cells was significantly fewer than in group II 

rats. Positive correlations were found between 

the number of positively stained cells and the 

expression of COX-2 and iNOS genes (r= 

0.83& 0. 85, respectively).
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Table 3. Mean number of cells strongly positive for STAT1 α protein. 

 
Group I (n= 10) Group II (n= 10) Group III (n= 10) 

Number of cells (cells/HPF) 7±2.1 54±6.7***a 13±2.2***b 

***a p< 0.0001, compared to group I, ***b p< 0.0001, compared to group II. 

 

 
Fig. 1. photomicrograph of rat lung of the control group immunostained with STAT 1 antibody showing few positive stained cells 

(arrow) as cytoplasmic brownish coloration (STAT -1 immunostaining X200). 

 

 
Fig. 2. photomicrograph of rat lung of the Nicotine treated group immunostained with STAT1 antibody showing many 

positive stained cells (arrow), (STAT1 immunostaining X200). 

 

 
Fig. 3. photomicrograph of rat lung of the Nicotine stoppage (Recovery group) immunostained with STAT1 antibody showing 

decreased number of positive stained cells (arrow) (STAT1 immunostaining X200). 

 

Oxidative stress markers 

As shown in Table 4, TBARS levels increased 

significantly in lung tissues of group II rats 

compared to groups I rats (p< 0.001). Nicotine 

cessation in group III rats led to a marked 

 

reduction in TBARS compared to group II (p< 

0.001). Regarding total thiols, group II rats had 

the lowest levels of these compounds 

compared to both of groups I and III. 
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Table 4. Oxidative stress markers levels. 

Group III (n= 10) Group II (n= 10) Group I (n= 10) 
 

50.3±3.945**b 

4.38±0.2658**b 

74.1±6.607**a 

3.26±0.2989**a 

32±4.595 

5.84±0.5275 

TBARS (n mole MDA/ 

g tissue) 

Total Thiols (n mole 

thiol/gm tissue) 
**a p< 0.001, compared to group I, **b p< 0.001, compared to group II. 

 

Discussion 
This study evaluated the effect of Nicotine and 

its cessation on STAT1α protein expression, 

oxidative stress markers and COX-2 and iNOS 

genes expression in the lungs of male albino 

rats. The study revealed that injection of the 

rats with Nicotine for 8 successive weeks 

caused significant elevation in STAT1α 

protein, oxidative stress, and COX-2 and iNOS 

genes expression in their lung tissues 

compared to the control group. In case of 

Nicotine cessation for 4 weeks, decreased 

levels of STAT1α protein, oxidative stress, and 

COX-2 and iNOS genes expression in lung 

tissues was observed compared to the Nicotine 

treated group. 

In accordance with our results, Exposure of 

Nicotine was found to cause activation of 

alveolar macrophages and airway epithelial 

cells that released proinflammatory cytokines 

and infiltrated the lungs by inflammatory cells. 

In addition, Nicotine enhanced the growth of 

multiple cancer types (3). At the same time, 

cigarette smoke inhibited normal tissue repair 

role played by fibroblasts (17, 18). 

In our study, the elevated levels of STAT1 

α protein was associated with an increase in the 

levels of iNOS and COX-2 genes expression 

and oxidative stress in lung tissues. Similarly, 

STAT1 has been proved to promote 

proinflammatory cytokines and chemokines 

that contribute to tumerogenesis through iNOS 

and COX-2 genes (19). Moreover, STAT1 

promoted skin tumors through enhancing 

iNOS and COX-2 genes (20).  

COX-2 is an enzyme that possesses 

multiple functions associated with cellular 

proliferation and apoptosis (21). Nicotine was 

reported to enhance the expression and activity 

of this enzyme and to increase the release of 

prostaglandin E2 and thromboxane A2 (22). 

Prostaglandin E2 has proinflammatory actions 

that promotes tumor growth and thromboxane 

A2 helps in platelet activation and 

angiogenesis (23). 

 iNOS is present in all nucleated 

mammalian cells and induced by cytokines or 

endotoxins. NO mediates tissue injury in 

pathophysiological states, however it is an 

important signaling molecule (24). Nicotine 

was reported to potentiate IFNγ- induced 

cytotoxic effects by enhancing NO production  

and enhancing iNOS gene expression, 

indicating a strong association between 

inflammation and smoking (25). 

 In the present study, Nicotine increased 

lipid peroxides and decreased thiol groups in 

rat lung tissue. Many authors reported the 

oxidative stress effect of Nicotine, for 

example, an increase in lipid peroxides was 

found in hamster ovary cells and rat pancreatic 

tissue after incubation with Nicotine (26, 27). 

Also, intraperitoneal nicotine-administered 

rats had an elevated lipid peroxides in their 

tissues compared to control rats (28, 29). In 

addition, increased lipid peroxidation was 

reported in the blood of smokers (30, 31). 

Lipid peroxides are produced by long-chain 

fatty acid peroxidation and have a role in the 

modification of lipoproteins (32). 

Thiols represent fundamental antioxidant 

defense mechanisms of the cells because of 

their selective interaction with reactive oxygen 

and nitrogen species (33,34) 

 When, rats were subjected to cessation of 

Nicotine for 4 weeks a decrease in STAT1 α 

protein, COX-2 and iNOS genes expression 

and oxidative stress occurred. In accordance 
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with these results, sputum of smokers was 

found to have higher neutrophil content 

compared with nonsmokers and that count 

decreased 6 weeks after smoking cessation 

(35, 36, 37) However, another study reported 

no change in the sputum of smokers 4 weeks 

after smoking cessation (38). Others reported 

that the reduction of the number of cigarettes 

per day by more than 50%, decreased 

bronchoalveolar lavage macrophages and 

neutrophils after 2 months (39, 40).  

Nicotine enhances inflammation and 

oxidative stress, reported in our study as the 

increase in STAT1 α protein expression, COX-

2 and iNOS genes expression and lipid pexides 

and a decrease in thiol group in lung tissues of 

Nicotine-injected rats. Nicotine cessation for 4 

weeks significantly improved the

inflammatory and oxidative stress status of rat 

lung tissues. Induction of STAT1 pathway and 

the increase in oxidative stress may be the 

mechanisms through which Nicotine may 

induce its harmful effects. 
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