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Abstract
Introduction: Nicotine (NIC), the chief alkaloid in tobacco, believed to be an active agent responsible for lung-

associated diseases. This protocol targeted to analyze the ameliorating effect of agmatine (AG) on NIC induced 
lung damage.

Mateiral and methods: Forty-five adult male rats were divided into: Control group received intraperitoneal (IP) 
injection of distilled water, 2) NIC group recieved NIC (10 mg/kg/day) IP and 3) (NIC+AG) group treated by AG (10 
mg/kg/day) orally+NIC (10 mg/kg/day) by IP injection for 9 weeks. Total serum protein, triglycerides (TGs), total 
cholesterol (TC), high density lipoprotein (HDL), Low density lipoprotein cholesterol (LDL-C), malondialdehyde 
(MDA), superoxide dismutase (SOD), reduced glutathione (GSH) and vascular cell adhesion molecule 1 (VCAM-
1) were estimated. Lung specimens were prepared and stained with H&E, Masson trichrome and immune-
histochemical stains for assessment of transforming growth factor beta 1 (TGF-β1) and Bax. Morphometric study
followed by statistical analysis were done.

Results: NIC group showed elevation in serum levels of total protein, TC, LDL-C, TGs, MDA and VCAM-1 with 
evident diminishing in the serum levels of HDL-C, SOD, and GSH. Apoptosis and damage of alveolar epithelium 
and bronchiolar cells, marked fibrosis, inflammatory cell infiltrate and congestion of blood vessels were observed. 
Marked increase in the mean alveolar wall thickness, mean area% of collagen fibers deposition, mean area% of 
TGFβ1 immuno-expression and mean number of Bax immune positive cells while a decrease in the mean linear 
intercept were detected. AG co-administered with nicotine ameliorated these biochemical, histopathological and 
morphometric changes.

Conclusion: AG ameliorates NIC induced lung damage in rats through improving the biochemical parameters 
and by decreasing TGF-ß1 and Bax immunoexpression.

Keywords: Agmatine; Lipid peroxidation; Lung toxicity; Nicotine;
Rats; TGFB1 Bax

Introduction
Nicotine (NIC) is a chief toxic constituent of cigarette smoke. The 

detrimental effect of each cigarette attenuates life time by 11 min [1]. 
Earlier findings reported that NIC induced a large span of biological 
actions and is a primary risk factor in the enhancement of cardiovascular 
disorders, pulmonary disease and lung cancer [2]. Smoking induces an 
inflammatory response in the lung and shows a role in progression of 
obstructive pulmonary diseases (COPD) with a main influence on the 
health care sources, in the developed and developing countries [3,4]. 
NIC interrupts the mitochondrial respiratory chain causing an elevated 
liberation of hydrogen peroxide and superoxide anions [5]. NIC can 
enhance lipid peroxidation and cause depletion of antioxidants during 
induction of experimental vascular endothelial dysfunction [6].

Agmatine (AG), a biogenic amine formed by decarboxylation of 
L-arginine via the mitochondrial enzyme arginine decarboxylase,
is broadly spread in mammalian tissues. AG has been reported to
have various physiological and pharmacological actions displaying
an enormous therapeutic prospective. It performs as a potential
neurotransmitter in the brain [7,8] and selectively inhibits iNOS,
supplying evidence of the principal role in modulating NO generation

[9]. Earlier studies demonstrated numerous biological actions 
of AG including neuroprotective [10], cognitive, anxiolytic [11], 
anticonvulsant [12], antinociceptive [13] and antidepressant properties 
[14].

As a member of lung inflammation and fibrosis, TGF-β is a member 
of a family of polypeptidic dimeric growth factors with three isoforms 
described in mammalians: TGF-beta 1, TGF-beta 2, and TGF beta 3 
[15]. All human body cells produce and have receptors for this factor. 
This family has a vaster role in the regulation of cellular growth and 
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differentiation. TGF-beta is important mediator of lung inflammation 
and fibrosis process [15-17].

Apoptosis plays an essential part in the inflammatory processes 
[18]. One of the apoptotic activators is Bax, which is an integral 
membrane protein that bound to or associated with cytoplasmic 
organelles and can responds to various stimuli through migration to 
the mitochondria. This protein forms a heterodimer with Bcl-2, and 
acts as an apoptotic activator [19].

Lung is the principal objective for NIC induced oxidative injury 
and till now there is no prospective pharmacological therapy for such 
damaging effect. Although, previous studies reported protective effect 
of AG on lung tissues [20], yet reports concerning the protecting effects 
of AG against NIC-induced lung injury needs more investigation.

Therefore, the current study was designed to evaluate the 
influence of using AG on NIC-induced lung injury on the histological, 
immunohistochemical And Biochemical levels in rats aiming to explain 
its possible mechanisms.

Materials and Methods
Drugs and chemicals

Agmatine sulphate, nicotine and sodium thiopental were bought 
from Sigma Chemical Co. (Saint Louis, Mo, USA). All other chemicals 
used in this experiment were of acceptable analytical quality.

Experimental animals

Forty-five male albino rats of 180-220 g weight were used in this 
study. The rats were obtained from the Center of Nephrology and 
Urology, Mansoura University, Egypt and housed under traditional 
laboratory circumstances. The animals were delivered diet and water 
ad libitum. This research was conducted agreeing with the proper 
regulation for examinations in laboratory animals that were permitted 
by the Ethical Committee of Faculty of Pharmacy, Mansoura University, 
Egypt and in accordance with the National Institutes of Health guide 
for the care and use of Laboratory animals (NIH Publications No. 8023, 
revised 1978).

Experimental design

The rats were separated into three groups and each comprised of 
15 rats.

1. Control group: rats received distilled water (NIC vehicle) by 
intraperitoneal (IP) injection for 9 weeks.

2. NIC group: rats were given NIC (10 mg/kg/day) by IP injection 
[21] for 9 weeks.

3. NIC+AG group: rats were treated by AG (10 mg/kg/day) orally 
[22] and NIC10 mg/kg/day by IP injection for 9 weeks.

Blood and tissue collection

Latterly, rats were killed Animals killed by exsanguination under 
diethyl ether anesthesia (1000 ml/m3) [23]. The thoracic cavities were 
opened to expose the lung; the blood was taken via cardiac puncture 
and collected in non-heparinized tubes for biochemical analysis. Then 
the left lungs were detached and handled for microscopic study.

Blood parameters measurement

The serum Triglycerides (TG), total cholesterol (TC) and high 
density lipoprotein (HDL) cholesterol were estimated using Biomerieux 

kit (Marcyl, Etoile, France). Low density lipoprotein cholesterol 
(LDL-C) was estimated using the method of Friedewald and coworkers 
[24]. The protein level was assessed by Bradford’s method [25]. Serum 
MDA, SOD and GSH levels were analyzed via Bio-diagnostic kits 
(Giza, Egypt). The level of VCAM-1 in serum was analyzed via Bender 
Med. Systems ELISA kit (Vienna, Austria).

Light Microscopic Study
Specimens from the left lung were taken and fixed in 10% neutral 

buffered formalin then washed with water, dehydrated in ascending 
grades of ethyl alcohol, cleared in xylene, and embedded in paraffin 
to obtain paraffin blocks. Serial lung sections were cut at 5 microns 
thickness and mounted on glass slides, de-paraffinized in xylene 
and stained by H&E, Masson trichrome (MT) [26] and immune-
histochemical stains for TGFβ, and Bax in lung tissue using avidin–
biotin–peroxidase complex techniques [27].

Staining procedures for immunohistochemistry

Using avidin-biotin-peroxidase complex procedure, paraffin 
lung sections were deparaffinized in xylene, rehydrated, rinsed in tap 
water, and embedded in 3% H2O2 in phosphate buffer solution (PBS) 
for 10 min to block endogenous peroxidase. Sections were incubated 
overnight at 4°C with the respective primary antibodies; a monoclonal 
rabbit anti-TGFβ1 antibody (Clone TB21, MCA797, Serotec, Oxford, 
UK) at 1:200 dilution and monoclonal anti Bax antibody (Thermo 
Fisher Scientific™ Catalog no: MA5-14003, dilution 1:50). Following 
incubation with primary antibodies, the sections were incubated with 
the appropriate secondary antibody; a biotinylated anti-mouse IgG 
Incubation of sections in horseradish peroxidase-avidin biotin complex 
(Vectastain Elite, Vector, CA) for 30 min at room temperature were 
done then 3,3`-diaminobenzidine in H2O2 (DAB kit, Vector, CA), was 
add to visualize the reaction as a brown colored product. Sections were 
then counterstained with hematoxylin and mounted. Negative control 
sections were obtained by the same steps of staining but without 
incubation with the primary antibodies.

Morphometric Study
Mean linear intercept (MLI)

Mean linear intercept is defined as the mean length of straight-
line segments on random test lines that cross the airspace between two 
sequential intersections of the alveolar surface with the test line. This 
means that the MLI includes the entire acinar airspace and not just 
alveoli [28].

Figure 1 shows the method of measurement of mean linear 
intercept (MLI) which based on intercept distribution. Linear intercepts 
were measured on microscopic images where test line segments are 
located at left, followed by a dashed line toward the right. The dashed 
line represents the guard line. In each time the test line intersects the 
alveolar wall, the distance to the next wall was measured. Borders of 
measurements of alveolar air spaces only are represented by letter (A) 
whereas alveolar and ductal air space together were represented by 
letter (D) and both measured distances were marked by arrows. (H&E 
x200). This figure is modified from Knudsen et al. [28]

Mean linear intercept (MLI) and alveolar wall thickness were 
measured from H&E stained section (x200 and x400 respectively). 
Area% of collagen fibers deposition and TGFβ1 immuno-expression 
were measured from Masson trichrome stained sections (x400) and 
anti TGFβ1 immuno-stained sections respectively. Number of Bax 
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immune-positive cells were measured from Anti-Bax immune-stained 
sections (x400). For all measures, three non-overlapping fields in 
each paraffin block for each rat were examined and photographed (i.e 
total measurements are 45 measurements /group). The photographs 
were analyzed using an Image Analyzer (Leica Q Win standard, 
digital camera CH-9435 DFC 290, Germany) with a measuring frame 
area=786,432.0 µm2. Morphometry was carried out at the Image 
Analysis Unit, Anatomy Department, Faculty of Medicine, Taibah 
University, Al Madinah Al Monawarrah, Saudi Arabia.

Statistical analysis

Statistical analysis was performed using IBM SPSS software version 
21.00 (Chicago, Illinois, USA). Biochemical measures were statistically 
analyzed using one-way analysis of variance (ANOVA) followed 
by Tukey-Kramer multiple comparisons test. Statistical analysis for 
morphological lung measures were done using one-way analysis of 
variance (ANOVA), post-hoc and Fisher’s least significant difference 
(LSD) were performed for inter-group comparison., All the results 
were presented as mean ± standard error of mean (SEM). Statistical 
significance was considered when P<0.05.

Results
Biochemical results

Rats treated with NIC for 9 weeks demonstrated marked elevation 
in serum levels of total protein, TC, LDL-C, TGs, MDA and VCAM-1 
with an evident reduction in the serum levels of HDL-C, SOD, GSH 
compared to their equivalent control rats. Rats treated with NIC co-
administered with AG showed obvious amelioration in all the measured 
parameters as shown in Table 1. No gross malformations were detected 
in the lung tisssues.

Histopathological and statistical Results

H&E stained section of control group displayed typical lung 
construction with thin walled alveoli, alveolar sacs, terminal 
bronchioles and respiratory bronchioles. The alveolar septae were 
very thin, contained few cells and blood capillary. The lining cells of 
alveoli were formed of flat type I pneumocytes and cuboidal type II 
pneumocytes. Terminal bronchiole were lined with a single layer of 
cubical cells. (Figure 2A and 2B).

NIC group showed marked disruption of lung architecture with 
abnormal shaped thick walled and collapsed alveoli, irregular shaped 
thick walled bronchioles and thick walled congested arterioles. 
Lining cells of bronchioles had small dark nuclei and some showed 
shredded dark cells and necrotic materials in their lumens. Respiratory 
bronchiole showed abnormal thick wall with two layers of cells; basal 
cubical and top flat layer in addition to a vacuolated substance most 
probably mucous was detected in their lumen. Some alveoli with 
destructed walls and very thick highly cellular inter alveolar septae 
which contained many macrophages, plasma cells and lymphocytes 
were observed. Moreover, in some alveoli, type I pneuomocytes became 
cubical instead of flat (Figure 2C-2F).

NIC+AG group showed nearly normal lung architecture with thin 
walled bronchus, bronchioles, arteriole, alveolar duct, alveolar sac and 
alveoli. Alveolar sac and alveoli appeared with minimally thickened 
septae which contained minimally congested capillaries. Alveolar 
walls were lined with nearly normal flat type I pneumocytes and large 
cuboidal type II pneumocytes (Figure 2G and 2H).

A highly significant decrease in the MLI in NIC group (98.24 ± 
1.87) when compared to control group (213.33 ± .63) and a highly 
significant increase in NIC+AG group (194.36 ± 4.15) when compared 
to NIC group were observed. Also, the mean alveolar wall thickness 
showed a highly significant increase in NIC group (91.60 ± 2.48) when 
compared to control group (32.62 ± 1.00) and a highly significant 
decrease in NIC+AG group (43.71 ± 1.08) when compared to NIC 
group. P ≤ 0.001 among groups (Figure 2I).

Masson trichrome stained sections of control group presented 
negligible amount of collagen fibers, concentrated mainly around 
basement membrane of the bronchus and blood vessels in addition to 
scares amount of collagen fibers in the alveolar septae (Figure 3A and 
3B). In NIC group, an extensive amount of collagen fibers was detected 
in walls of terminal bronchioles, respiratory bronchioles, alveoli and 
blood vessels (Figure 3C and 3D).

NIC+AG group showed few amount of collagen fibers in bronchial 
and arteriolar, alveoli and alveolar sac walls (Figure 3E and 3F). A greatly 
marked elevation in the mean area% of collagen fibers deposition in 
NIC group (21.57 ± 0.57) when compared to control group (2.97 ± 
0.11) and a highly significant decrease in NIC+AG group (7.93 ± 0.23) 
when compared to NIC group. P ≤ 0.001 among groups (Figure 3G).

Figure 1: A photomicrograph of control rat lung shows the method of 
measurement of mean linear intercept (MLI). This figure is modified from 
Knudsen et al. [28].

Control NIC NIC+AG
Total protein (mg/ml) 0.31±0.03 2.57 ± 0.27* 0.57 ± 0.06$

TC (mmol/L) 1.5 ± 0.16 4.62 ± 0.47* 1.71 ± 0.17$

LDL-C (mmol/L) 0.99 ± 0.09 3.23 ± 0.34* 1.05 ± 0.99 $

HDL-C (mmol/L) 0.51 ±0.03 0.09 ± 0.01* 0.39± 0.27 $

TGs (mmol/L) 0.35 ± 0.01 0.95± 0.04* 0.45± 0.05$

MDA (nM/L) 12.79 ± 1.19 29.90 ±6.21* 15.97 ± 1.37$

SOD (U/L) 5.77± 0.53 1.35± 0.13* 2.07± 0.23$

GSH (µM/L) 1.99 ± 0.13 0.21± 0.02* 1.45± 0.13$

VCAM-1 (ng/ml) 9.98 ± 0.94 32.65 ± 3.31* 12.09 ± 1.14 $

*$Significantly different when compared to mean value of control and NIC groups, 
respectively using one-way ANOVA test followed by Tukey-Kramer multiple 
comparison tests. 
NIC: Nicotine; AGM: Agmatine; TC: The Serum Total Cholesterol; TG: The Serum 
Triglycerides; LDL-C: Low Density Lipoprotein Cholesterol; HDL: High Density 
Lipoprotein Cholesterol; GSH: Glutathione; MDA: Malondialdehyde; SOD: 
Superoxide Dismutase VCAM-1: Vascular cell Adhesion Molecule-1.
Table 1: Effect of AG administration on different biological measures in NIC 
induced lung damage in rat.
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Anti-TGFβ1 immuno-stained sections of control group showed 
faint expression of TGFβ1 by some cells in the alveolar septae between 
alveoli and alveolar sacs (Figure 4A).

In NIC group, strong positive TGFβ1 immuno-expression was 
identified in cytoplasm of the epithelial cells lining the bronchioles, 
arterioles, alveolar wall and inter alveolar septae (Figure 4B and 4C). 
NIC+AG group exhibited mild expression of TGFβ1 in the epithelial 
cells lining of the bronchioles, alveoli, few cells in the wall of terminal 
bronchioles and alveolar sepata (Figure 4D and 4E). The mean area% 
of TGFβ1 immuno-expression disclosed a vastly marked raise in NIC 
group (17.67 ± 0.36) when compared to control group (0.98 ± 0.03) 
and a highly significant decrease in NIC+AG group (4.29 ± 0.13) when 
compared to NIC group. P ≤ 0.001 among groups (Figure 4F).

Anti-Bax immune-stained section of control group showed negative 
Bax immunoreactions in the cells of the alveoli and alveolar sacs (Figure 

5A). In NIC group, numerous Bax immune-positive cells within the 
epithelial lining of the bronchi and many cells in the lymphoid follicles 
were detected. The reaction was localized to the nuclei of positive cells. 
Moreover, Bax immune-positive nuclear reaction was exhibited by 
large number of type I and type II pneuomocytes (Figure 5B and 5C).

In NIC+AG group, few number of Bax immune-positive cells 
were seen in the epithelial lining of the bronchi and in the cells of 
alveoli group in addition to very few number of Bax immune-positive 
cells in the epithelial lining of terminal bronchioles and respiratory 
bronchioles(Figure 5D and 5E).

The mean number of Bax immune-positive cells presented a highly 
evident raise in NIC group (64.47 ± 1.85) when compared to control 
group (2.11 ± 0.16) and a highly significant decrease in NIC+AG group 
(12.36 ± 0.67) when compared to NIC group (P≤0.001 among groups 
(Figure 5F).

Figure 2: photomicrographs of lung sections from: (A and B); A): control lung showing normal architecture with thin walled alveoli (Av), alveolar sacs (As), terminal 
bronchioles (TrB) and respiratory bronchioles (RsB). B): High power magnification of previous figure showing that the alveolar septae (thin black arrow) are very 
thin which contain few cells and blood capillary (Cp). The lining cells of alveoli are formed of flat type I pneumocytes (red arrow) and cuboidal type II pneumocytes 
(arrow head). Terminal bronchiole (TrB) are lined with single layer of cubical cells (thick black arrow). NIC group (C, D, E and F). C): Showing marked disturbance 
of lung architecture with abnormal shaped thick walled and collapsed alveoli (Av), irregular shaped thick walled bronchioles (Bro) and thick walled congested 
arterioles (A). D): Bronchiole (Bro) with many of its lining cells containing small dark nuclei (red arrows), shedding of some dark cells (black arrows) and necrotic 
materials (curved arrow) in its lumen. E): Respiratory bronchiole (RsB) has abnormal thick wall with two layers of cells; basal cubical (red arrows) and upper flat 
(black arrow). A vacuolated substance most probably mucous (star) is present in its lumen. Some alveoli (Av) showing destruction of their wall (curved arrow) and 
very thick highly cellular interalveolarseptae (arrow heads). F): Very thick highly cellular interalveolarseptae (stars) containing many macrophages (arrow), plasma 
cells (red arrow) and lymphocytes (arrow head). In some alveoli, type I pneuomocytes become cubical (curved arrows) instead of flat. NIC+AG group (G and H); 
G): Showing nearly normal lung architecture with thin walled bronchus (Br), bronchioles (Bro), arteriole (A), alveolar duct (Ad) alveolar sac (As) and alveoli (Av). 
H): Alveolar sac and alveoli with minimally thickened septae (arrows) which contain minimally congested capillaries (Cp) and alveolar walls which are lined with 
nearly normal flat type I pneumocytes (curved arrow) and large cuboidal type II pneumocytes (arrow heads). I): Clustered bars showing the MLI and mean alveolar 
wall thickness in Control, NIC and NIC+AG groups. P value is ≤ 0.001 among groups. Values are represented as Mean ± SEM (H&E stain; (A and C) ×200; (B, D, 
E and H) ×400; (F) ×1000 and (G) ×100).
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Discussion
The current work investigated the possible protective function of 

AG on nicotine-induced lung injury. Several reports proved the key role 
of cholesterol and lipoproteins in pulmonary physiology. Circulating 
LDL and HDL are both taken up by the lung via particular receptors, 
and provide cholesterol to lung-resident cells, thus preventing local 
pulmonary cholesterol biosynthesis [29]. HDL act as the chief resource 
of the antioxidant vitamin E for alveolar epithelial type II cells [30], 
and supports surfactant generation by type II cells and growth of 
lung fibroblasts [31]. Though cholesterol is vital for type II cell 
function, extreme quantities of cholesterol worsen surfactant function, 
proposing the crucial importance of alveolar cholesterol homeostasis 
to normal lung physiology [32]. It has been shown that increased 
dietary cholesterol can alter surfactant synthesis, composition, and 
function [33] and reduction of serum cholesterol by several statins 
exhibited marked anti-inflammatory action in various lung disorders 
[34]. Diminution of cytokine and inflammatory cell production by 
simvastatin and pravastatin was observed in ovalbumin and house dust 
mite induced asthmatic mice [35].

The present work assessed the levels of serum lipid profile which 

are in accordance with previous research [35,36], all revealed marked 
elevation in serum TC, LDL-C, and reduction HDL-C upon treatment 
with nicotine, indicating marked lung injury. An effect that was 
reversed by the current treatment with AG, was previously reported 
[37] .

To assess the probable mechanism for such beneficial effect of AG, 
oxidative burden was estimated and it was cleared that AG markedly 
ameliorated oxidative stress induced by 9 weeks nicotine injection in 
rat. This was reflected by a significant attenuation in serum MDA, SOD 
and GSH compared to nicotine group. AG treatment with nicotine in rat 
effectively normalized oxidant/antioxidant status. An in vivo study by 
Sudheer et al. [38] revealed that chronic NIC treatment in rat resulted in 
imbalance of prooxidant/antioxidant ratio. The mechanisms by which 
NIC enhanced oxidative pathway is partly due to its chemotactic action 
for polymorphonuclear leucocytes and aggravates the responsiveness 
of it to activate complement C5a, thus producing oxygen free radicals.

Another probable mechanism is the formation of cotinine and 
formaldehyde as metabolic products of nicotine by 5-hydroxylation. 
Such metabolites generated huge amounts of ROS [39]. Also NIC. 
interrupted the mitochondrial respiratory chain causing enhanced 

Figure 3: photomicrographs of Masson trichrome stained lung sections from: (A and B); A): Control lung with minimal amount of collagen fibers (red arrows) 
concentrated mainly around bronchus (Bro) and blood vessels (Bv). B): High power magnification of the previous figure showing scares amount of collagen fibers 
around basement membrane of the bronchus (Bro) and in the alveolar septae between the alveoli (Av). NIC group (C and D); C): Extensive amount of collagen 
fibers deposition (black arrows) in the walls of terminal bronchioles (Trb), respiratory bronchioles (RsB), the alveoli (Av) and the wall of blood vessels (Bv) (red 
arrows). D): Extensive thickening of the wall of the alveoli (Av) and alveolar sacs (As) (arrows). NIC+AG group (E and F); E): Few amount of collagen fibers (black 
arrows) are detected around bronchus (Bro) and around the wall (red arrows) of arterioles (A). F): Very mild thickening of the wall of the alveoli (Av) and alveolar 
sac (AS) by deposition of few amounts of collagen fibers (arrows). G): Clustered bars representing the mean area% of collagen fibers deposition in Control, NIC 
and NIC+AG groups. P ≤ 0.001 among groups; Values are expressed as Mean ± SEM (MT stain; A, C and E ×100; B, D and F ×400).
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production of superoxide anions and hydrogen peroxide [5]. All 
these factors play an important part in the progression of lipid 
peroxidation and elevated levels of MDA (lipid peroxidation end 

products). Endogenous antioxidant defense system including SOD, 
CAT, GPx, and GSH was declined in circulation, lung and liver of NIC 
administered rats [38]. The marked reduction in antioxidant status 

Figure 4: photomicrographs of Anti-TGFβ1 immuno-stained lung sections from A): Control group shows faint expression of TGFβ1 (arrows) by some cells in 
the alveolar septae between the alveoli (Av) and alveolar sacs (As). B): NIC group showing strong positive TGFβ1immunoexpression in the epithelial cells lining 
(black arrows) of the bronchiole (Bro) and epithelial cells lining (red arrow) the arterioles (A). C) NIC group shows strong positive TGFβ1 immuno-expression in the 
epithelial cells lining (black arrows) of the bronchiole (Bro), cells (red arrow) which line the wall of the alveoli (Av) and the interalveolarseptae. D): NIC+AG group 
showing mild expression of TGFβ1 in the epithelial cells lining (red arrows) the bronchiole (Bro) and wall (black arrows) of the alveoli (Av). E): NIC+AG group with 
mild positive cytoplasmic TGFβ immune-expression by few cells in the wall (black arrow) of terminal bronchioles (TrB) and alveolar sepata (red arrow) between 
the alveoli (AV). F): Bars representing the mean area% of TGFβ1immuno-expression in Control, NIC and NIC+AG groups. P ≤ 0.001 among groups; Values are 
expressed as Mean ± SEM (Anti-TGFβ1 immunostain; A, B, C and D ×200, E ×400).

Figure 5: photomicrographs of Anti-Baximmune-stained lung sections from: A) Control group shows negative Baximmune-reaction (arrows) in cells of the alveoli 
(Av) and alveolar sacs (AS). NIC group (B and C); B): Shows numerous Baximmune-positive cells (arrows) within the epithelial lining of the bronchus (Br) and many 
cells (curved arrows) in the lymphoid follicle (Lf). The reaction is localized to the nuclei of positive cells. C) Alveoli (Av) and alveolar sacs (As) with Baximmune-
positive nuclear reaction which is exhibited by large number of type I (curved arrows) and type II pneuomocytes (arrows). NIC+AG group (D and E); D): Few 
number of Baximmune-positive cells which are detected in the epithelial lining (arrow) of bronchus (Br) and in the cells (arrow heads) of alveoli (Av). E): Show 
very few numbers of Baximmune-positive cells (arrows) in the epithelial lining of terminal bronchioles (TrB) and respiratory bronchioles (RsB). Bars represent the 
mean number of Baximmune-positive cells in the lung of Control, NICand NIC+AG groups. P ≤ 0.001 among groups; Values are expressed as Mean ± SEM (Anti-
Baximmune-stain; A ×100, B and C ×400; D and F ×200).
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in NIC group reflected that nicotine exhibited oxidative stress. The 
efficient amelioration of oxidant/antioxidant imbalance induced by 
AG was proved by Lee et al. [40] who postulated such ameliorating 
effect due to suppressing NF-кB activation in hyperglycemic rabbit 
mesengial cells and Iizuka et al. [41] proved such action via alpha-2 
adrenergic signaling in retinal ganglion cells.

To further elucidate the effect of AG on NIC induced lung 
damage, VCAM-1 was also assessed. Increased airway inflammation 
was accompanied by enhanced oxidative stress and generation of 
pro-inflammatory molecules, including macrophage inflammatory 
protein-2 (MIP-2) and intercellular adhesion molecule-1(ICAM-1) and 
VCAM-1 [42,43]. ICAM-1/VCAM-1 are principle modulators for the 
stable adhesion of leukocytes, including neutrophils and lymphocytes 
in alveolar epithelial cells [43]. Rodella et al. [44] discovered marked 
elevation in VCAM-1 expression upon NIC treatment in vitro and 
in vivo respectively. Data of the existing study demonstrated that 
NIC treated animals had marked elevation in VCAM-1 activity. This 
elevation was evidently reduced upon treatment with AG. AG was 
hypothesized to act as an alternative substrate for endothelial nitric 
oxide synthase (eNOS) and hindering inducible nitric oxide synthase 
(iNOS) activity [45]. Consequently, AG may prevent the expression 
ofVCAM-1 via its antioxidant effect and enhancing eNOS activity.

The present work confirmed the relation between such biochemical 
changes and the resultant histological alterations of lung tissue. NIC 
treated lung group showed marked disturbance of lung architecture 
in the form of thick walled collapsed alveoli, irregular thick walled 
bronchioles, thick walled congested arterioles, extensive deposition of 
collagen fibers and inflammatory cells infiltration. Statistically, there 
was a highly marked decrease in MLI and a greatly obvious raise in 
the mean alveolar wall thickness when it was compared to control and 
NIC+AG groups. This was in harmony with the work done by Xu et al. 
[46]. El-Sokkary et al. [2] reported that the lung is the chief organ which 
is highly liable to free radical generation after cigarette smoke. Also, 
Trombino et al. [47] and Luqman and Rizvi [48] observed interstitial 
infiltration of inflammatory cells, degenerative changes of both and 
alveolar epithelium and interstitial cells in addition to interstitial 
infiltration of inflammatory. These changes could be explained by 
chronic inflammation caused by NIC administration [49].

Many researches proved that lung inflammation is linked with 
increased expression of pro-inflammatory cytokines that play a role in 
the intercellular signals that attract the cells and modulate its function 
[50]. It was reported that the airway epithelium is an abundant 
source of chemokines/ cytokines which attract both macrophages 
and neutrophils [51]. Activated neutrophils can result in wide spread 
inflammation of the lung tissue, destruction of basement membrane of 
alveolar capillary membrane and increase of its permeability. Moreover, 
neutrophils can discharge destructive mediators, as oxidants and 
cytokines which resulted in epithelial-vascular barrier injury [52,53].

Some studies proved that long-term exposure to NIC cause sodium 
channel receptors inactivation leading to thickening of the airway wall 
owing to an imbalance of apoptosis and cell proliferation. Additionally, 
the lining cells of bronchioles were shredded, had darkly stained 
nuclei and some mucous was detected inside their lumena. The raise 
in luminal mucus might be due to increased assembly of mucins by 
goblet cells, hyperplasia and/or metaplasia of goblet cell, accumulation 
of inflammatory cells and cell debris. Moreover, it was suggested that 
mucin production can be also enhanced by signaling initiated by 
TGF-β1 [54]. Consequently, adhesion of the mucus to the cell surface 
results in reduction of mucociliary clearance and causes withholding 

of and pathogens and pollutants [55]. Moreover, fibroblast growth 
receptors and fibroblast growth factor were detected in the smooth 
muscle of airway, blood vessels and airway epithelial cells of smokers [56].

On the other hand, treatment with AG significantly decreased these 
histological changes. This was revealed by nearly normal appearance 
of bronchi, bronchioles and alveoli. Moreover, inter alveolar septae 
thickness, amount of collagen fibers and congestion of blood vessels 
was decreased. This improvement was obvious statistically by the 
significant increase in MLI and decrease in the mean alveolar thickness. 
These results were in conformity with Li et al. [57] who found that AG 
treatment reduced myeloperoxidase activity in the lung tissue and the 
levels of TNF-𝛼, IL-1𝛽, and also reduce IL-6 in lung and bronchoalveolar 
lavage fluid which in turn result in improvement of histological pictures 
of lung tissue. Furthermore, AG blocked the activation of nuclear factor 
(NF) – 𝜅B indicating its anti-inflammatory effects. The beneficial effect 
of AG can be also proved when it was administered with gentamicin, 
it was found to improved tissue morphology, reduced oxygen free 
radicals and lipid peroxidation associated renal injury, restored NO 
level and inhibited the inflammatory mediators [58].

In the current work, immune-histochemical staining of lung section 
from NIC group revealed an obvious elevation in the mean area% of 
TGFβ1 immuno-expression and mean number of Bax immune positive 
cells. On the contrary, NIC+AG group showed a highly significant 
decrease of both parameters when compared to NIC group. The close 
interaction among inflammation, oxidative stress, and growth factors 
in the lung airways has been cleared. TGF-beta regulates extracellular 
matrix production and plays a vital function in the progression of 
organ fibrosis. TGF-beta 1 increases collagen, TIMP-1 and MMP-2 and 
decreases TIMP-2 and interstitial collagenases [17].

The association between TGF-beta and the inflammatory process 
is explained by its ability to increase vascular permeability during lung 
injury. It acts by decreasing the gap junctions between the epithelial 
cells therefore; it can be considered an essential mediator of lung 
inflammation [15]. Bonniaud et al. [59] narrated that over-expression 
of a lung-inducible TGF-β1 trans-gene can result in progressive 
pulmonary fibrosis and elevated levels of matrix proteinases and 
extracellular matrix components.

The raise in the mean number of Bax immune-positive cells which 
were detected in NIC treated group in the present work can be proved 
by many studies. The increased expression of Bax was detected in 
COPD lungs [60] indicating that NIC can activate apoptosis. Also, Bax 
expression and the associated apoptosis was increased in polycyclic 
aromatic hydrocarbon exposed Lung [18]. Immuno-histochemical 
assessment of Bax in lung tissue relates well with apoptotic process and 
the expression of other apoptosis mediators [61]. Apoptotic cells might 
liberate oxidants, intracellular proteases and inflammatory mediators 
[62]. An early change and redistribution occurs in the intracellular 
localization of Bax in cells undergoing apoptosis and this appears to 
be important for Bax to induce cell death. Additionally, it was reported 
that Bax increases the opening of the mitochondrial voltage-dependent 
anion channel (VDAC) which can be also a mechanism for induction 
of cell apoptosis [19].

Notably, NIC+AG group displayed marked decline of mean area% 
of TGFβ1 immuno-expression and mean number of Bax immune 
positive cells when compared to NIC group.AG treatment markedly 
lessened iNOS expression and its activity in the lung tissue, and this 
phenomenon markedly hindered the inflammatory response [63]. 
Besides, AG was found to be protective against glutamate-induced 
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necrotic neuronal cell death and facilitates neurological functions 
recovery by reducing inflammation and apoptosis in acute spinal cord 
compression [64]. Furthermore, AG can protect against mitochondrial 
swelling probably by acting as a free radical scavenger preventing 
Ca2+-dependent induction of mitochondrial permeability transition 
(MPT) [65], these effects are concerned in apoptotic cell loss. Thus, 
mitochondrial protection can explain the general cyto-protective 
actions of AG in several body systems and prove its useful actions in a 
variety of illness models.

Conclusion
From the present work, it could be concluded that AG can 

ameliorate the biochemical and histopathological changes in the lung 
tissue induced by nicotine administration. Such ameliorating effect of 
AG was most probably exerted by decreasing lipid peroxidation and 
TGFβ1 immuno-expression in addition to its anti-apoptotic effect. 
Therefore, when intake of nicotine cannot be avoided, AG could be co-
administered with it to minimize its hazardous effect on the lung. This 
work revealed that AG distinctly reversed all the alterations induced by 
nicotine administration for 9 weeks in rats.

Clinical implication

These findings may be helpful in future clinical studies.

Limitation to the Study
The results of this study are limited by the low number of animals 

used. The use of variable concentrations of NIC and AG in subsequent 
studies woud be valiabel.
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