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Abstract

A current study investigated the effects of smoking (Cigarettes and Water-pipes) on the lung and cardiac ventricles
by comparing the cytotoxic effects of smoking with certain natural antioxidants. 56 male albino rats were randomly
assigned to 7 groups (N = 8 per group). Group 1 was a negative control that was exposed to fresh air; Group 2
was a positive group exposed to the most popular cigarette brands in the Jordanian market (red LM cigarettes)
for 30 consecutive days, one cigarette per rat. Groups 3 and 4 were exposed to a cigarette smoking treatment
with one of the natural antioxidants (vitamin C, Ammi Visnagia seed extract, respectively). Rats in group 5 were
exposed to flavored water-pipe smoke resulting from the complete burning of 20 g from one coastal for 30 days,
one session a day, and groups 6-7 were exposed to cigarette smoking with treatment with one of the selected
natural antioxidants (Ascorbic acid vitamin C, Ammi Visnagia seed extract). According to immunohistochemistry
investigations, smoking exposure has been linked to negative tissue consequences. Both types of smoking models
induced the expression of the p53 protein in heart and lung tissues. However, p53 was mildly expressed in the
heart and considerably in the lung. In conclusion, investigations were conducted on the impact of smoking on
different levels, such as histological changes in the trachea, lung, and heart ventricle, as well as its influence on
the expression of the p53 protein. The administration of Ammi Visnaga seed extract and Ascorbic acid exhibited
protective effects against the detrimental effects of smoking through all the aforementioned methods.
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Resumo

Um estudo atual investigou os efeitos do fumo (cigarros e narguilés) no pulmado e ventriculos cardiacos, comparando
os efeitos citotéxicos do fumo com certos antioxidantes naturais. Um total de 56 ratos albinos machos foram
aleatoriamente divididos em 7 grupos (N = 8 por grupo). O grupo 1 foi um controle negativo exposto ao ar fresco;
o grupo 2 foi um grupo positivo exposto as marcas de cigarro mais populares no mercado jordaniano (cigarros
LM vermelhos) por 30 dias consecutivos, um cigarro por rato. Os grupos 3 e 4 foram expostos a um tratamento de
tabagismo com um dos antioxidantes naturais (vitamina C, extrato de semente de Ammi Visnaga, respectivamente).
Os ratos do grupo 5 foram expostos a fumaga de narguilé aromatizada resultante da queima completa de 20 g de
carvao por 30 dias, uma sessdo por dia, e os grupos 6-7 foram expostos ao tabagismo com tratamento com um dos
antioxidantes naturais selecionados (acido ascérbico, vitamina C, extrato de semente de Ammi Visnaga). De acordo
com investigacdes de imuno-histoquimica, a exposicdo ao tabagismo foi associada a consequéncias negativas nos
tecidos. Ambos os tipos de modelos de tabagismo induziram a expressao da proteina p53 nos tecidos cardiaco e
pulmonar. No entanto, o p53 foi levemente expresso no coracao e consideravelmente no pulmao. Em conclusdo,
foram conduzidas investiga¢des sobre o impacto do tabagismo em diferentes niveis, como altera¢des histolégicas
na traqueia, pulmao e ventriculo cardiaco, bem como sua influéncia na expressao da proteina p53. A administragao
de extrato de semente de Ammi Visnaga e acido ascorbico exibiu efeitos protetores contra os efeitos prejudiciais
do tabagismo por todos os métodos mencionados.

Palavras-chave: Ammi Visnaga, vitamina c, acido ascérbico, cigarro, fumo de narguilé, citotoxicidade.
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1. Introduction

Tobacco smoking continues to be a major preventable
cause of illness and death around the world, accounting
for more than 8 million deaths each year (Mustafa et al.,
2023). The World Health Organization (WHO) estimates
that smoking cigarettes causes the deaths of approximately
3.5 million people yearly; by 2030, this figure is expected
to rise to 10 million (Addissouky et al., 2024). All forms
of tobacco are harmful, including cigarette smoking,
water-pipe smoking, e-cigarettes, and smokeless tobacco
(Zakaria et al., 2021). Combustible cigarettes produce a
complex mixture of about 7000 chemical elements upon
breathing in, containing carcinogens, oxidants, and toxins,
which can trigger inflammatory pathways that cause
smoking-related disease (Kim et al., 2023). The most
important chemical is Nicotine, which is the main reason
to consume tobacco cigarettes, and can increase blood
pressure and heart rate, and also provides protection
against ulcerative colitis. The main causes of smoking-
related morbidity and mortality include lung malignancies,
atherosclerosis, stroke, and chronic obstructive pulmonary
disease (COPD) (Mustafa et al., 2023; Addissouky et al.,
2024). The Effects of nicotine consumption have been
associated with a lower incidence of Parkinson’s disease
and Alzheimer’s disease.

Smoking causes the death of around one in every ten
people globally. Cigarettes have been linked to harmful
poisons and chemicals. Smoking’s negative impacts on
human health, as well as interest in smoking-related
disorders, have long been documented (Hashemi et al.,
2023; Sharma, 2017). The components of tobacco smoke
are complex, which makes the toxicological process very
intricate. The majority of research has shown that smokers
have lower-quality semen, malfunctioning reproductive
hormone systems, and poor spermatogenesis, sperm
maturation, and spermatozoa function when compared
to nonsmokers (Hashemi et al., 2023; Esakky et al., 2015).
About 1.3 billion adults smoke worldwide, according to the
World Health Organization (WHO) for 2020(Djuartina et al.,
2023; Sharareh et al., 2020).

Since nicotine creates addiction and encourages
smoking, it is to blame for the rising number of
smokers (Hashemi et al., 2023; Djuartina et al., 2023;
Sharareh et al., 2020). More than 7,000 compounds,
including 70 carcinogens and hundreds more harmful
ones, are found in cigarette smoke. The dangerous
effects of exposure to hazardous chemicals in cigarette
smoke depend on the concentration and length of time
spent exposed (Mendel et al., 2018; Bonnie et al., 2015).
Oxidative stress and lung injury can be caused by a variety
of chemicals and environmental reasons, including cigarette
smoke(Chirico et al., 2018; Fischer et al., 2015). Additionally,
lipid peroxidation, oxidative stress, inflammatory mediator
production, and cellular recruitment are all brought on by
cigarette smoke (Chirico et al., 2018; Fischer et al., 2015;
Pena et al., 2016).

To counteract the oxidative damage induced by ROS,
many organisms use an antioxidant defense mechanism
that includes metal-chelating agents, different enzymatic
and nonenzymatic antioxidants, and free radical
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scavenging (Rietjens et al., 2017). Particularly, various
foods and medicinal plants—including fruits, vegetables,
and grains—are high in naturally occurring antioxidants
(Raeeszadeh et al., 2022). Furthermore, well-known
antioxidants present in a wide variety of plants include
phytoestrogen chemicals and different forms of vitamins
(Asensi-Fabado and Munné-Bosch, 2010). Medicago
sativa, also known as alfalfa, is a herb that is high in many
vitamins, especially C, and phytoestrogenic compounds
such as luteolin, coumestrol, quercetin, medicarpin,
daidzein, and genistein (Raeeszadeh and Fallah, 2018).
In addition to its role as an antioxidant, alfalfa has been
shown to have positive effects on several illnesses,
including hypercholesterolemia, diabetes, thalassemia,
and several malignancies. Because of the aforementioned
health benefits, this plant is processed and used in many
different medical forms all over the world (Rietjens et al.,
2017; Raeeszadeh et al., 2022; Moser and Chun, 2016).

Currently, with the growing trend of risk causes of
human illnesses and people’s changing attitudes in
many nations, the global trend towards the treatment of
various illnesses has led to the usage of medical herbs
and natural foods (Moser and Chun, 2016; Petrovi¢ et al.,
2023). Vitamin C (Ascorbic acid), is a crucial water-
soluble antioxidant nutrient that decreases the oxidative
properties of lethal substances(Abdel-Hamid, 2018), and
also can scavenge free radicals and form a strong defense
line in contradiction to the reactive oxygen species (ROS)
that induce cellular damage(21). It provides a low-cost,
safe, and promising therapeutic approach for improving
clinical outcomes(Petrovi¢ et al., 2023), (Samoh et al.,
2024; Slavin and Lloyd, 2012). Certain fruits and vegetables
are excellent sources of vitamin C, particularly citrus
fruits, strawberries, green peppers, and white potatoes,
which belong to various fruit and vegetable categories
(Petrovi¢ et al., 2023; Slavin and Lloyd, 2012). These findings
were validated by a Swedish cohort study that included
1725 males and discovered that fruits and vegetables have
cardiovascular-protective properties (Moser & Chun, 2016;
Petrovi¢ et al., 2023; Slavin and Lloyd, 2012).

Numerous investigations have been carried out about the
antioxidant capability of the Apiaceae family (Umbelliferae),
with favorable effects(Thiviya et al., 2021). Ammi visnaga
L., a member of the Apiaceae, often known as Toothpick
weed in England or Khella in Arab nations, has only lately
been studied for its multiple medicinal characteristics,
among which the antioxidants have been tackled by
relatively little research (Kamal et al., 2022). This genus’s
primary active ingredients include furanochromone,
flavonoids, coumarin, and its derivatives (Elgamal et al.,
1993; Aourabi et al., 2019).

Ammi species contain flavonoids classified as flavonols
(quercetin, kaempferol, and isorhamnetin) or flavones
(apigenin, luteolin, and chrysoeriol). These flavonoids
are powerful antioxidants and free radical scavengers
(Aourabi et al., 2019). A. visnaga (AV) has demonstrated
various pharmacological activities, including diuretic,
nephroprotective, antioxidant, anti-inflammatory, cancer-
fighting, enzymatic modulator, and antihypertensive
properties (Nirumand et al., 2018; Mohamed and Abdel-
Motaal, 2023). Many medical conditions can be treated with
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A.visnaga, including hyperlipidemia, diabetes, and kidney
stones. It is also well-known for its anti-cardiovascular and
anti-asthmatic effects (Nirumand et al., 2018; Mohamed
and Abdel-Motaal, 2023). P53 primarily regulates the
cell cycle, apoptosis, and DNA repair (Budanov, 2014).
Additionally, it plays non-canonical roles in redox balance,
glucose metabolism, and autophagy (White, 2016).
p53 also has dual functions in oxidative stress, acting
(Hong et al., 2024 )as a prooxidant that induces damage
and as an antioxidant that reduces stress (Budanov,
2014; Butler et al., 2023). The conflicting roles of p53 in
regulating the redox state may be linked to the specific
conditions of the cells, which might be either stressed or
non-stressed. Clarifying the intricacies of p53 in regulating
redox balance would enhance our comprehension of the
mechanisms underlying oxidative stress-related clinical
disorders, hence aiding in treating diseases associated
with redox imbalance (Byrnes et al., 2020; Liu et al., 2020;
Hong et al., 2024; Li et al., 2024).

To investigate the impact of water-pipe and cigarette
smoke on certain antioxidant enzymes and blood
biochemical assays. This study will additionally evaluate
the immunohistochemistry of rats’ lung and cardiac tissues
during a period of exposure and sub-chronic exposure to
smoking cigarettes and water pipes.

2. Methodology

2.1. Experimental design

In this study, 56 male albino rats (Rattus ratas),
weighing 150-180 g at 6-8 weeks of age, were employed
(Alsarhan et al., 2024) were used in this experiment. They
were bought from the animal center at the University of
Science and Technology and housed in the best possible
food and temperature requirements. Seven groups of
eight rats each were assigned to the rodents at random.
Groups 2-4 were exposed to the most widely available
brands of cigarettes in Jordan (red LM cigarettes) at a
daily of 1 cigarette per rat for 30 days, while groups
6-7 were exposed side stream to water-pipe smoke
made from the whole combustion of 20 g of moassal for
30 days, one session per day. Group 1: The control group
was simply exposed to fresh air. An additional month of
non-exposure (cessation) was given to the animals in an
attempt to facilitate their recovery from the effects of
smoking cigarettes and using water pipes. Following each
phase, biochemical tests and immunohistochemical and
histological studies were conducted. The following was
done to divide the groups exposed to cigarette smoke
(see Scheme 1):
= Group 1: The negative control group consisted of 8 rats
exposed only to fresh air.
= Group 2: This positive control group consisted of eight
rats that were exposed to red LM cigarettes for a month,
followed by a month-long recuperation time.

= Group 3: This group received treatment with Ammi
visnaga seeds (50 mg/kg) for one month concurrently
with exposure to red LM cigarettes. A further one-month
recuperation period was observed.
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= Group 4: This group was exposed to red LM cigarettes
and at the same time treated with (100 mg/kg) vitamin
C(ascorbic acid) for one month, followed by a recovery
period for one month.

= Group 5: This positive control group was exposed to
water pipe smoke for one month, followed by a one-
month recuperation period.

= Group 6: This group received a one-month treatment
of Ammi visnaga seeds at a dose of 50 mg/kg and was
exposed to a water pipe. A subsequent one-month
recuperation time was observed.

= Group 7: This group was exposed to a flavored water-
pipe and at the same time treated with (100 mg/kg)
vitamin C (ascorbic acid) for one month, followed by
a one-month recovery period. The procedures used
on the experimental animals were observed by the
scientific committee of the School of Science/The
University of Jordan, which approved the study, which
expressed following international standard principles
for laboratory animal use and care (NIH Publication No.
8023).

3. Preparation of Antioxidant

3.1. Extraction of Ammi visnaga seeds

The seeds of Ammi visnaga were bought from the local
market, and a taxonomist from the Faculty of Science/The
University of Jordan approved their classification. After
the seeds had been ground into a fine powder, 1500 mL
of distilled water and 50 g of the powder were combined
and boiled. The mixture was allowed to cool to ambient
temperature before filtering through a Buckner funnel.
The filtrate was administered orally (gavage) via the rat’s
vianaso-gastric tube (Khan et al., 2001).

3.2. Vitamin C (Ascorbic Acid)

Rats received a daily dose of Vitamin C (Sigma Chemical
Company dissolved in 1 mL of water through a gastric
tube. (Sigma Chemical Company) (Ola-Davies et al., 2014).

3.3. The digital smoking machine

Shraideh and Najjar (2011) developed the digital
smoking device that was used in the experiment, which is
useful for exposing rats to water pipes or cigarette smoke
(Shraideh and Najjar, 2011).

4. Measuring Technology

4.1. H,0, concentration

One metabolic consequence of reactive oxygen,
hydrogen peroxide (H,0,), is a critical regulator of
several oxidative stress-related states. A very sensitive,
straightforward, easy-to-read colorimetric method for
determining H,0, in biological samples is the hydrogen
peroxide assay. The OxiRed Probe interacts with H,0, in
the presence of Horse Radish Peroxidase (HRP) to generate
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56 male albino rats weighing 150-180 g
(6—8 weeks old)

Group 1 Group 2 Group 3 Group § Group 6 Group 7
N-8 N=8 N=38 N-8 N-8 N-8
Negative control Positive control red LM cigarettes red LM cigarettes positive control flavoredwaterpipe Flavoredwaterpip
group fresh air group “red LM and (50 mg/kg) and (100 mg/kg) group” flavored and (50 mg/kg) eand (100 mg/kg)

cigarettes” for one Ammi visnaga for vitamin C for one waterpipe” smoke Ammi visnaga vitamin C for one
month one month month for one month seeds for one month
Hydrogen Superoxide Lipid Total / Immunohisto
Peroxide Dismutase Peroxidation Antioxidant / chemistry
- ‘ /
Assaying (SOD) (MDA) Capacity /
/

| !

All data are shown as means + SEM. The student's t-test for independent
samples conducted using SPSS version 20, (P <0.0:

Scheme 1. Graphical scheme summarizing the experimental design, N: number of rats.

a product that is red-fluorescent (Ex/Em=535/587 nm) and
has a color (max = 570 nm)(Vicente et al., 2015).

4.2. Superoxide Dismutase (SOD)

The reduction of superoxide anions to hydrogen
peroxide, which is thereafter eliminated by catalase
enzymes, is catalyzed by superoxide dismutase (SOD). Cells
need to protect themselves against the harmful effects of
oxygen radicals. Nitric oxide (NO) and superoxide anion
(SOD) fight for the superoxide anion, which inactivates
NO to create peroxy nitrite. It has been discovered that
superoxide dismutase and polyethylene glycol (PEG)
covalently conjugate to lengthen the circulatory half-life
and offer protection against partly reduced oxygen species.
The measurement of superoxide dismutase activity is the
suppression of the superoxide radical’s rate of cytochrome ¢
reduction, which is seen at 550 nm (Ighodaro and Akinloye,
2018; Beckman et al., 1988).

Superoxidedismutase

O, - 0O,
Superoxidedismutase
0,+2H >  H,0,

4.3. Total antioxidant capacity

The assay can detect small molecules when our patented
Protein Mask is present or measure small molecules with
antioxidants and proteins. Proteins and tiny molecules
both convert the Cu?* ion to Cu*. By blocking protein’s
ability to reduce Cu?" the Protein Mask makes it possible to
analyze small molecule antioxidants. A colorimetric probe
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is used to chelate the reduced Cu* ion, producing a wide
absorbance peak at around 570 nm that is proportionate
to the overall antioxidant capacity (Alsarhan et al., 2024;
Khan et al., 2001).

4.4. Lipid peroxidation (MDA)

Lipid peroxidation, a marker for oxidative stress and a
sensitive method for detecting malondialdehyde (MDA)in a
variety of samples, is the breakdown of lipids brought on by
oxidative damage. MDA is a naturally occurring by-product
of lipid peroxidation, and its measurement is commonly
employed as a diagnostic for lipid peroxidation together
with 4-hydroxynonenal (4-HNE). An MDA-TBA adduct
is produced when the sample’s MDA and thiobarbituric
acid (TBA) combine. Colorimetric measurement of the
MDA-TBA adduct is simple and requires an OD of 532 nm
(Qiao et al., 2016).

4.5. Immunohistochemistry

Tissue specimens from paraffin wax-embedded tissue
blocks were cut at 3-4 pym, mounted on coated slides,
air-dried, and baked at 70 °C for 30 minutes. Sections of
tissue were deparaffinized by immersing slides in xylene
for forty minutes. And then drying in the air. Endogenous
peroxidase was inactivated by incubating the slice in a
mixture of 0.1-1% hydrogen peroxide for thirty minutes.
The slides were washed by running tap water for 10 min.
The tissue section was incubated for one hour in 1.5%
blocking serum in PBS to block non-specific reactions.
The slides were washed in Phosphate Buffer Saline (PBS)
solution for 5 min. 3, 3-Diaminobenzidine (DAB) chromagen
prepared and was applied to the tissue, and the slides were
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washed in water for 10 min, followed by counterstaining in
Hematoxylin Meyers for 2 min. Slides were dehydrated in
xylene and then mounted using DPX for further observation;
slides were examined microscopically. By utilizing the
outcomes obtained from Adobe Photoshop version
22.0.0, we examined the appearance of P53 variations.
Antibodystained section micrographs were analyzed using
pixels. The pixels revealed the presence of the biomarker
(brown) and residual tissue (blue).

To evaluate the expression ratio, we computed the
product of the total pixel count (including both blue and
brown pixels) and the pixel count corresponding to the
biomarker color. The data analysis was conducted using
the Statistical Analysis in Social Science (SPSS) version
23.0 software. An independent t-test was employed to
determine the group means. A p-value below 0.05 indicates
the statistical significance of the difference. The results
were utilized to determine the average * deviation of
p53 isoforms for each group.

4.6. Statistical analysis

Applying SPSS version 22, data management and
analysis were carried out. In the physiological section,
all data are shown as means + SEM. The student’s t-test
for independent samples was used to determine the
significance of differences in mean response values
between control and experimental tissues. A change
with a probability less than 0.05 (P < 0.05) is significant.
The analysis was carried out using Graph Pad Prism
8 software. Normal distribution was assessed using the
D’Agostino-Pearson omnibus normality test. Parametric

Effects of Ascorbic acid and Ammi Visnaga on smoking

data were evaluated using one-way ANOVA with Sidak’s
post hoc and Dunnett test. Statistical significance was
represented as follows: * for p < 0.05, ** for p < 0.01, ***
for p <0.001, and **** for p < 0.0001.

5. Results

5.1. The effect of Ammi visnaga seeds on oxidative stress
biomarkers of rats exposed to sub-chronic smoking

A statistical investigation of specific oxidative biomarker
activities (H,0,, TAC, MDA, and SOD) following sub-chronic
exposure to waterpipe and cigarette smoking, as well
as following cessation with ongoing Ammi visnaga seed
treatment, is presented in Tables 1, 2, 3, and 4. The result of
treating Ammi visnaga seeds on the H,0, level is shown in
Table 1. Observing both cigarette and water-pipe smoking,
the treatment has a considerable impact. The control
group had a significant increase in H202 levels to 0.05+
0.01 ng/mL despite being subjected to both water-pipe
(0.25 + 0.02, p = 0.0) and cigarette (0.29 + 0.0, p = 0.0)
smoking. Ammi visnaga seed treatment considerably
decreased H202 values in the water-pipe and cigarette
smoking groups (0.20 £ 4.8 ng/mL, p = 0.4 and 0.19+ 0.03,
respectively). After quitting smoking, all smoke-exposed
groups showed a significant decrease in H202 levels.

Table 2: shows the effect of treatment of Ammi visnagaon
TAC level. The treatment indicates no significant effect on
either cigarette or water-pipe smoking.

Table 3 illustrates the impact of Ammi visnaga seed
treatment on MDA levels. The treatment has an important

Table 1. Effect of Ammi visnaga seeds on H,0, level in smoking albino rats.

Study groups Aft':;sﬁ;‘:;“re P- values Aft:'ntizi/s::ion P-values
Control(Fresh air) 0.05+ 0.01 0.04+0.03
Cigarette 0.29+£0.0 0.00* 0.20 £0.01 0.04*
Waterpipe 0.25+0.02 0.00* 0.21 +0.01 0.05**¢
Cigarette + Ammi visnaga seeds 0.19 £0.03 0.04* 0.20 £0.00 0.04*®
Waterpipe + Ammi visnaga seeds 0.20 £0.01 0.04*¢ 0.20 £0.01 0.04*¢

* Mean significant P < 0.05. ** Mean not significant P > 0.05. In comparison to the waterpipe group, the cigarette group, and the control group

are identified by the letters a, b, and c.

Table 2. Effect of Ammi visnaga seeds on TAC level in smoking albino rats.

Study groups Aft:;s::f;(;slure P-values Aftirnclzi/s::ion P-values
Control(Fresh air) 1.9+ 0.15 - 1.8£0.18 -
Cigarette 1.8£0.22 0.68™ 2.1+0.16 0.07"®
Waterpipe 1.8+ 0.2 0.90" 1.9+ 0.27 0.88¢
Cigarette + Ammi visnaga seeds 1.8+ 0.07 0.92** 1.9+ 0.24 0.81**
Waterpipe + Ammi visnaga seeds 1.7+ 0.27 0.65**¢ 1.8+ 0.16 0.67**¢

* Mean significant P<0.05. ** Mean not significant P >0.05. Comparing the water pipe group, the cigarette group, and the control group in

letters of a, b, and c.
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Table 3. Effect of Ammi visnaga seeds on MDA level in smoking albino rats.

Study groups Aft:;z:;(:lslure P- values Aft(:‘nclzi/s;;ion P-values
Control(Fresh air) 0.09+0.1 - 0.07 £0.2 -
Cigarette 0.36+0.13 0.00® 0.17 £0.01 0.03®
Waterpipe 0.34+0.15 0.00 0.12 £0.02 0.01°
Cigarette + Ammi visnaga seeds 0.11 £ 0.01 0.02* 0.12+0.02 0.02*>
Waterpipe + Ammi visnaga seeds 0.15+£0.02 0.02°¢ 0.10£0.0 0.00*

* Mean significant P<0.05. ** Mean not significant P >0.05. Comparisons were made with the control group (a), the cigarette group (b), and the

water pipe group (c).

Table 4. Effect of Ammi visnaga seeds on % SOD inhibition rate in smoking albino rats.

Study groups After;)(()[l)/o:lu ren P- values Aft:'[;::)s;/s::ion P-values
Control(Fresh air) 98 +0.7 - 98 +0.7 -
Cigarette 74+ 1.8 0.017* 99+32 0.00™®
Water-pipe 86+ 1.7 0.03* 81+16 0.897¢
Cigarette + Ammi visnaga seeds 93+13 0.02* 99+38 0.00*"
Water-pipe + Ammi visnaga seeds 89+15 0.71%*¢ 96 £ 1.6 0.03%*

* Mean significant P < 0.05. ** Mean not significant P > 0.05. a: compared to the control group. b: compared to the cigarette group. c: compared

to the water-pipe group.

Table 5. Effect of ascorbic acid on H,0, level in smoking albino rats.

After exposure n

After cessation

Study groups mol/ ul P-values nmol/ ul P-values
Control(Fresh air) 0.05 £0.01 0.04 +£0.03
Cigarette 0.29+£0.0 0.02*2 0.20£0.01 0.89**>
Water-pipe 0.25+0.02 0.03% 0.21 £0.01 0.95**¢
Cigarette + Ascorbic acid 0.20+0.00 0.84** 0.20+0.00 0.84**
Water-pipe + Ascorbic acid 0.20 £0.01 0.92%*¢ 0.20 £ 0.01 0.92%%¢

* Mean significant P<0.05. ** Mean not significant P >0.05. Comparing the water pipe group, the cigarette group, and the control group in terms

of a,b,and c.

effect on waterpipe and cigarette smoking. The control
group’s MDA level was 0.09 + 0.1 nmol/uL, and it
significantly increased after being exposed to water-pipe
and cigarette smoking (0.36+ 0.13, p=0.00 and 0.34 £ 0.15,
p= 0.00, respectively). The MDA levels in the water-pipe
smoking group (0.15 £ 0.02 nmol/uL, p=0.02) and cigarette
group (0.11£ 0.01, p=0.02) were considerably reduced by
treatment with Ammi visnaga seeds. All smoke-exposed
groups had a substantial drop in MDA levels after quitting.

Table 4: indicates the effect of treatment of Ammi
visnaga seeds on the %SOD inhibition rate. It appears that
the treatment significantly reduces the use of waterpipes
and cigarettes. The control group’s level of SOD inhibition
rate was 98 £ 0.7, and it substantially dropped after being
exposed to water-pipe smoking (86 * 1.7, p= 0.03) and
cigarette smoking (74 + 1.8, p= 0.01). The percentage SOD
inhibition rate increased considerably (93 + 1.3, p= 0.02)
in the cigarette group after treatment with Ammi visnaga
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seeds but not significantly (89 * 1.5, p= 0.71) in the water
pipe smoking group. Following cessation of smoking, the
level of % SOD inhibition rate increased significantly in all
smoke-exposed groups.

5.2. The effect of Vitamin C (Ascorbic Acid) on oxidative
stress biomarkers of rats exposed to sub-chronic smoking

A statistical analysis of certain oxidative biomarker
activity (H,0,, TAC, MDA, and SOD levels) following
intermittent exposure to water pipe and cigarette
smoke, as well as following cessation with ongoing
vitamin C (ascorbic acid) treatment, is presented in
Tables 5, 6, 7, and 8.

Table 5 shows how ascorbic acid treatment affects
H,0, levels. The treatment appears to have a considerable
influence on cigarette and water pipe. The control group’s
H,0, level was 0.05 + 0.01 ng/mL, which considerably

Brazilian Journal of Biology, 2025, vol. 85, e290032
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Table 6. Effect of ascorbic acid on TAC level in smoking albino rats.

Study groups Afterne;);[l)/o:lu ren P-values Afte:lrnite;/si:ion P-values
Control(Fresh air) 1.9+ 0.15 - 1.8+ 0.18 -
Cigarette 1.8£0.22 0.68" 2.1£0.16 0.07"
Water-pipe 1.8£0.2 0.90"¢ 1.9+£0.27 0.88"¢
Cigarette + Ascorbic acid 1.8+ 0.07 0.92%* 1.9+ 0.24 0.91**
Water-pipe + Ascorbic acid 1.7+ 0.19 0.84**¢ 1.8+ 0.16 0.97**¢

** Mean not significant P >0.05. In comparison to the water-pipe group, the cigarette group, the control group, and the group that smoked.

Table 7. Effect of ascorbic acid on MDA level in smoking albino rats.

Study groups Afttr:lrr::zst;slure P- values Afte:‘nc“ejls;:ion P-values
Control(Fresh air) 0.09+ 0.1 0.07+0.2
Cigarette 0.36+0.13 0.00" 0.17£0.01 0.02"®
Water-pipe 0.34+0.15 0.00 0.120.01 0.01°¢
Cigarette + Ascorbic acid 0.11£0.01 0.01* 0.12+0.02 0.02*
Water-pipe + Ascorbic acid 0.11£0.03 0.04 0.10+ 0.02 0.03*¢
** Mean not significant P >0.05. Comparing the water pipe, cigarette, and control groups about a, b, and c.
Table 8. Effect of ascorbic acid on SOD level in smoking albino rats.
Study groups Aftil;::z{;(:lslure P-values Aft:'[;::)sl»/s?l:ion P-values
Control(Fresh air) 98+0.7 96+ 1.2
Cigarette 74+ 1.8 0.01%2 99+ 3.2 0.01"
Water-pipe 86+ 1.7 0.03" 81+ 16 0.89"¢
Cigarette + Ascorbic acid 97+ 1.3 0.01* 99+ 3.2 0.01*
Wate-rpipe + Ascorbic acid 91+ 1.1 0.04**¢ 98+ 1.6 0.03%*

* Mean significant P < 0.05. ** Mean not significant P >0.05. a: in contrast to the water pipe group. b: in comparison to the cigarette group. c: in

comparison to the control group.

increased after exposure to cigarette smoking (0.29
0.0, p = 0.0) and water-pipe smoking (0.25 + 0.02, p =
0.0). Ascorbic acid treatment has no noticeable impact
on H,0, levels in the water-pipe smoking group (0.20 *
0.01 ng/mL, p = 0.92) or cigarette smoking group (0.20 +
0.0, p=0.84).The levels of H,0, did not change appreciably
in any of the smoke-exposed groups.

Table 6 shows the effect of the treatment of ascorbic
acid on TAC level. The treatment shows no significant effect
on either cigarette or water-pipe smoking.

Table 7 shows how ascorbic acid treatment affects
MDA levels. The treatment has a considerable effect on
cigarette and water pipe smoking. MDA levels in the control
group were 0.09+0.1 nmol/pL, but significantly increased
following exposure to cigarette smoking (0.36+0.13,
p=0.00) and water pipe smoking (0.34+0.15, p=0.00).
Ascorbic acid treatment significantly reduced MDA levels
in cigarette smokers (0.11£0.01, p=0.01) and water pipe
smokers (0.11+0.03 nmol/pL, p = 0.04). Subsequently giving
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up smoking, the level of MDA decreased markedly in all
smoke-exposed groups.

Table 8 shows the effect of the treatment of ascorbic acid
on %SOD inhibition rate. The treatment shows a significant
effect on both cigarette and water-pipe smoking. The level
of %SOD inhibition rate in the control group was 98+ 0.7 and
significantly decreased following exposure to cigarette
smoking (74 + 1.8, p=0.01), and water-pipe smoking (86 +
1.7, p=0.03). Ascorbic acid treatment significantly raised
the %SOD inhibition rate in both the cigarette (97 £ 1.3,p =
0.01) and water-pipe smoking groups (91 £ 1.1, p = 0.04).
After quitting smoking, the percentage of SOD inhibition
rate increased significantly in all smoke-exposed groups.

5.3. Immunohistochemistry results

5.3.1. Expression of p53 of heart ventricle tissues

Under physiological conditions, the expression of p53 in
the heart ventricle tissues Figure 1-1.
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Figure 1-2 shows an increasing expression of p53 in
heart tissues of underexposed rats to cigarette smoking.
Critical Figures 1-3, and 4, show the effect of treating the rats
with vitamin C and Ammi seeds extract on the expression
of p53 in heart ventricle tissues, which decreases upon
treatment with Vitamin C due to its antioxidant activity.
Also, Ammi seed extract decreases the re-expression of
p53, which was observed in the nucleus. It seems that
the treatment with vitamin C was less effective than
the treatment with Ammi visnaga seeds in lowering
the expression of p53. As demonstrated in Figure 2-2,
Exposure to water-pipe smoking induced a noticeable
expression of p53 in the heart ventricle. While treating
the rats with vitamin C and Ammi seed extract decreased
on the expression of p53 in heart ventricle tissues (see
Figures 2-3, and 2-4)

5.3.2. Expression of p53 of lung tissues

The expression of p53 in the lungs exhibited some
re-expression of p53 under physiological conditions
(Figure 3-1). As demonstrated in Figure 3-2, there was an
induced expression of p53 due to exposure to cigarette
smoking in the hepatic tissues, which was observed in
the nucleus. The treatment of vitamin C for cigarette
smoking-exposed rats was able to lower the expression
of p53 partial smoke exposure in the hepatic-tissues
(Figures 3-3, and 3-4). It seems that the treatment with
vitamin C was less effective than the treatment with Ammi
seed extract in lowering the expression of p53 in the lung
tissues of rats exposed to cigarette smoking.
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Exposure to water-pipe smoking induced a noticeable
expression of p53 in the lungs of rats (Figure 4-2).
The treatment with Ammi seed extract exposed to water-
pipe smoking showed ameliorating effects of Ammi extract
that reduced expression of p53 in the lung, but slight re-
expression still presents. Figure 4-4 shows treatment with
vitamin C reduced expression in lung tissues as related to
water-pipe smoking.

To better understand the impact of vitamin C and Ammi
seed extract on lung tissue at the molecular level, we
examined the expression of p53 markers in all experimental
groups. When the p53 levels were compared to the
G1 control group, it was found that smoking waterpipes
(G5) and cigarettes (G2) increased the expression of
p53 significantly (p < 0.0001) in comparison to the control.
After being exposed to cigarette smoking, we noticed a
significant decrease in p53 expression in rats treated with
vitamin C (G4) (p = 0.048) or Ammi seed extract (G3) (p =
0.044) (see Figure 5A). In lung tissues, we also observed
a significant decrease in p53 expression in rats treated
with Ammi seed extract (G6) (p=0.006) or vitamin C (G7)
(p =0.019) after being exposed to water-pipe smoking.

In heart tissues, both cigarette smoking (G2) (p=0.0001)
and water-pipe smoking (G5) (p < 0.0001) significantly
increase the expression of p53. Moreover, there is no
significant effect of treating rats with either Vitamin C or
Ammi extract on the expression of p53 when compared
with the control (G1) (figure 5B).

Furthermore, after a month of exposure to cigarette
smoking, researchers found a highly significant difference
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Figure 1. Expression of p53 in the heart tissues among study groups/ cigarette smoking, (1): Expression of p53 in heart ventricle/
Normal group. (2): Expression of p53 in the heart ventricle of cigarette smoking exposed rat. The expression was observed in the
nucleus (N). (3): The effect of using Ammi visnaga seeds on the expression of p53 on the heart ventricle of cigarette smoking. (4): The
effect of treatment with vitamin C on expression of p53 in the heart ventricle of cigarette smoking exposed rat. The expression of p53

still exists (P). (40x magnification).
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Figure 2. Expression of p53 in the heart tissues among study groups /| Water-pipe smoking. (1): Expression of p53 in heart ventricle/
Normal group. (2): Expression of p53 in the heart ventricle of water-pipe smoking exposed. (3): The effect of treatment with Ammi
visnaga seeds on the expression of p53 in the heart ventricle of water-pipe smoking exposed rat. (4): The effect of treatment with
vitamin C on expression of p53 in the heart ventricle of water-pipe smoking exposed rat.

Figure 3. Expression of p53 in the lung tissues among study groups/cigarette smoking. (1): Expression of p53 in lung tissues /
Normal group (2): Expression of p53 in the lung of cigarette smoking exposed rat. The expression was observed in the nucleus (N).
(3): The effect of treatment with Ammi visnaga seeds on the expression of p53 in the lung of water-pipe exposed rat. The expression of
p53 (P) (4): The effect of treatment with vitamin C on expression of p53 in the lung of cigarette-smoking exposed rats. The expression
of p53 still exists (P).
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Figure 4. Expression of p53 in the lung tissues among study groups / Water-pipe smoking. (1): Expression of p53 in lung tissues |
Normal group (2): Expression of p53 in the lung cells of water-pipe smoking exposed rat. The expression was observed in the nucleus
and cytoplasm of lung cells (N& C). 400X. (3): The effect of treatment with Ammi visnaga seeds on the expression of p53 in the lung of
water-pipe exposed rat. The expression of p53 (P). (4): The effect of treatment with vitamin C on expression of p53 in the lung of rats

exposed to water-pipe smoking. The expression of p53 (P).

(p < 0.0001) in the expression of p53 in the lung tissue
of rats treated with Ammi seed extract (G3) or vitamin
C (G4). This was in comparison to the expression of
p53 during cigarette smoking (G2). When comparing
the p53 expression levels during water-pipe (G5) to the
expression of p53 in lung tissue of rats treated with Ammi
seed extract (G6) or Vitamin C (G7) after being exposed to
water-pipe smoking for one month, researchers observed
a significant decrease in p53 expression with Ammi seed
extract treatment (p =0.01) and a very significant decrease
with vitamin C treatment (p = 0.0034) (Figure 6).

In heart tissue, there is a significant reduction in
p53 expression when compared to the p53 expression
during cigarette smoking (G2) and p53 expression during
treatment of Ammi seed extract (G3) and vitamin C (G4)
(both p= 0.0001), also there is a significant decrease in
p53 expression when compared to the p53 expression
during water-pipe smoking (G5) and p53 expression during
treatment of Ammi seed extract (G6) and vitamin C (G7)
(both p < 0.0001)(Figure 7).

6. Discussion

This work addresses the rising global incidence of
smoking and its dangers, which include cardiovascular,
pulmonary, and cancer-related diseases. Nicotine
intake in rats disturbed the antioxidant defense in
rats, increased lipid peroxidation, and reduced the
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Figure 5. P53 marker expression of experimental groups. A: P53
expression in lung tissue. B: P53 expression in heart tissues. All
data are presented as mean + SEM. one-way ANOVA was analyzed
with Sidak’s post hoc multiple comparisons test. * p < 0.05,"* p <
0.01, *** p < 0.001, and ****p < 0.0001.

antioxidants in tissues (Abdel-Hamid, 2018). There is a
need to investigate the detrimental effects of smoking on
biochemical and histopathological levels, as well as the
efficacy of employing antioxidant-rich natural products
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Figure 6. P53 marker expression of experimental groups in lung tissues. A: P53 expression levels during cigarette smoking compared
with treatment with Ammi seed extract or Vitamin C. B: P53 expression with water-pipe smoking compared with treatment with
Ammi seed extract or Vitamin C. All data are presented as mean + SEM. one-way ANOVA was analyzed with Sidak’s post hoc multiple
comparisons test. * p < 0.05, ** p < 0.01, *** p < 0.001, and ****p < 0.0001.
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Figure 7. P53 marker expression of experimental groups in heart tissues. A: P53 expression levels during cigarette smoking compared
with treatment with Ammi seed extract or Vitamin C. B: P53 expression with water-pipe smoking compared with treatment with
Ammi seed extract or Vitamin C. All data are presented as mean + SEM. one-way ANOVA was analyzed with Sidak’s post hoc multiple
comparisons test. * p < 0.05,** p < 0.01, *** p < 0.001, and ****p < 0.0001.

such as vitamin C and Ammi visnaga seeds to alleviate
smoking-related side effects.

Medicinal plants are rich in physiologically active
substances that exhibit a broad range of molecular
diversity. It is recognized that these sources aid in creating
novel medications (Alsarhan et al., 2024; Altemimi et al.,
2017). 1t has distinct efficacy, safety, and economic effects
on conditions. Moreover, much research has found that
natural medicinal plants exhibit anti-cancer and anti-
inflammatory activity (Nahar et al., 2023; Kim and Kim,
2015). Polyphenolic chemicals, which include flavonoids
and phenols, are among the most efficient in this respect.
Despite aiding in capturing free radicals, they exhibit
anti-inflammatory and antibacterial characteristics
(Raeeszadeh et al., 2022; Kim & Kim, 2015). Scientists have
recently become interested in the vast variety of impacts
of free radicals. Consequently, the function of free radicals
in the pathophysiology of several disorders, especially
cancer, has been demonstrated (Rios-Arrabal et al., 2013).

Brazilian Journal of Biology, 2025, vol. 85, €290032

It is also proven that antioxidants play a considerable
function in plant compounds that limit the beginning or
release of oxidation chain reactions, which can halt or
delay the oxidation of other molecules as well as lipids
(Tungmunnithum et al., 2018; Rios-Arrabal et al., 2013;
Raeeszadeh and Fallah, 2018).

The current study found that smoking significantly
raised the levels of oxidative stress indicators such as
H,0, and MDA, as well as the rate of % SOD inhibition,
as likened to the control group. However, the level of
TAC did not differ significantly across all smoke-exposed
treatment groups. It has been shown that smoke contains
radicals per puff and could generate H,0, and superoxide
radicals (Park et al., 2021). Additionally, it has been
noted that smoking raises MDA levels (Xi et al., 2021).
Kashinakunti et al. (2011) reported significantly higher
levels of MDA in smokers contrasted with non-smokers
(Kashinakunti et al., 2011). MDA is most commonly used
as a biomarker to assess oxidative stress in a variety
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of health conditions, including cancer and psychiatric
disorders, to chronic obstructive pulmonary disease,
asthma, and cardiovascular diseases (Park et al., 2021;
Kashinakunti et al., 2011). Cigarette smoke contains
considerable amounts of reactive oxygen species (ROS)
and reactive species such as nitrogen alkoxyl and peroxyl
radicals, as well as smokers and secondhand smoke
(Park et al., 2021; Kashinakunti et al., 2011). Other studies
have found that this is caused by an elevated amount of
lipid peroxidation. (Xi et al., 2021; Kashinakunti et al.,
2011). Through smoking sessions, free radicals are
generated and activate inflammatory cells ending with
large amounts of ROS(Park et al., 2021; Kashinakunti et al.,
2011). Overexposure to ROS can harm proteins and DNA,
which may impact aging, heart disease, cancer, and other
diseases (Hong et al., 2024; Essick and Sam, 2010).

Cells use different pathways to get rid of ROS or adjust
ROS levels to help with important cell functions like
apoptosis. Even though the process of apoptosis triggered
by p53 is connected to the p53-dependent increase in ROS,
the normal expression of p53 leads to various antioxidant
reactions that can reduce oxidative stress (Maddocks and
Vousden, 2011). Under normal conditions or slight stress,
p53 enhances the antioxidant response and protects cells
from potential oxidative injury, as well as that caused by
p53-dependent activation of oxidative phosphorylation.
However, under severe stress, p53 can use its capability to
promote ROS to facilitate apoptosis (Essick and Sam, 2010).

With an imbalance between oxidants and antioxidants,
smokers are more likely to experience oxidative stress
(Astori et al., 2022). We conducted immunohistochemical
analysis to examine p53 expression in heart and lung tissues
using different smoking methods, including cigarettes and
water pipes. The importance of our data comes from the
role that the p53 gene plays as a tumor suppressor gene,
which implies that its expression prevents the formation
of tumors. Within the cell, the p53 protein binds DNA
and acts to stimulate another gene ending with the
production of a protein called smoke-exposed p21 which,
in turn, inhibits further progression of the real stage of
cell divisions (Aubrey et al., 2016; Feroz & Sheikh, 2020).
The results indicated a very low-level expression of p53 in
the heart ventricle tissue and moderate expression in the
lung tissue (control group). In this study, when rats were
exposed to cigarette smoking or water-pipe smoking, it
led to a significant increase in the p53 expression of both
lung and heart ventricle tissues, by the damaging effect of
smoking, either cigarette smoking or water-pipe smoking on
the cellular environment is obvious. Different mechanisms
have been suggested to explain this increase, with one
of them being Heitzer et al.(Heitzer et al., 2000) which
provides the first evidence of how smoking contributes
to increasing ROS formation and dysfunctional uncoupled
eNOS. This highlights the key function of ROS in lowering
vascular NO bioavailability and promoting endothelial
dysfunction.

In the existing work, vitamin C was shown to exacerbate
the damaging effects of nicotine. The administration of
100mg vitamin C / kg of rats decreased the expression
of p53 comparable to the rat exposure to cigarette or
water pipe smoking due to its interaction with the
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hydroxyl radical, superoxide, and singlet oxygen due to
its hydrophilic antioxidant properties and scavenging of
reactive oxygen species (Abdel-Hamid, 2018). Furthermore,
vitamin C significantly improved the histopathological
and ultrastructure changes in lung and heart ventricular
tissues due to nicotine exposure.

On the other hand, treatment with Ammi visnaga
seeds extract showed good expression against damaging
molecular effects of p53. The present findings of
histopathological studies were stable with the previous
biochemical data, revealing that treated rats showed
degenerative lung and heart alterations. Ammi visnaga
antioxidant and free radical scavenging properties may
assist in relieving these variations in the lung and heart
tissues.

Our study found that increased biomarker volume
(biomarker effects) is associated with histological
abnormalities in the lung and heart, as well as
P53 expression in smoker-exposed rats.

7. Conclusion

Our findings verified that smoking water-pipes or
cigarettes had negative health impacts. We investigated
the effects of tobacco use on several tissues at different
levels, including lung and heart histological changes.
We showed the detrimental effects of smoking on tissue
atall research levels. Treatment with either Ammi visnaga
seeds or vitamin C extract showed ameliorative effects
against the adverse effects of smoking using all smoke-
exposed previous techniques.
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