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lives in rural areas where farming is the primary economic
The disease of lung has increased many folds in the recent times. activity. Numerous rural houscholds rely on COOkmg over
Unfortunately, the lung cancer disease cases have also been reported open ﬂames, often by burmng wood or cow dung Cakes,
many times. Although smoking tobacco products are thought to be

the causative agents. But the environmental pollution has elevated the R i
disease risk. Among the common carcinogens, Benzo [A]pyrene is one cases, PAHs are released into the environment as a result

of the known carcinogens which is directly responsible for the cause of of the combustion of organic materials [1] The PAHs are
the disease. It is a member of polycyclic aromatic hydrocarbon group .
and is usually generated during the partial burning of organic matter. a broad class of chemicals that have a common structural
Benzo (a) pyrene has been shown to inflict damage on the lungs as well feature: aromatic rings comprised entirely of carbon and
as liver. Thus, the present study has been aimed to study the anticancer
activity of Ocimum sanctum leaf extract on Benzo [A]pyrene induced
lung cancer in rats. Male Charles Foster rats, 6 weeks old weighing irritation in the trachea and lungs, Cough for long period,
around (150-180 g) were used for the study and were induced Benzo[A] E

pyrene (25 mg/Kg dissolved in Olive oil) orally in two intervals (1% day bronChlUS’ aSt.hma cte [36]' .
and 14™ day) and were left for 3 months. After 3 months, there were Moreover, this long—term e€xposure too many different
development of lung tumors, which were histopathologically confirmed. PAHs have been shown to be hazardous, altering genes
Thereafter, Ocimum sanctum leaf extract at the dose of 200mg/Kg body . . . .
weight was administered to the rats for 5 weeks. After the treatment and Increasing the risk of illnesses such lung cancer [2'6]'
there was significant reduction in the lung tumor size in the studied Asthma, bronchitis, chronic Cough, and shortness of breath
rats. All the parameters were studied and their data were analyzed.
The haematological parameters, the biochemical parameters and the
histopathologically parameters were also correlated for the efficacy of which has also been linked to an increased risk of lung
the drug.

which produces toxic fumes and poses health risks. In most

hydrogen. The long duration exposure to the PAHs causes

are just some of the symptoms of modern air pollution,
Y

cancer in people of all ages who are exposed to it regularly.

Through the entire study, it can be concluded that, leaf extract of POlycycliC Aromatic Hydrocarbons (PAHs), including the
Ocimum sanctum possesses anti-proliferative effect against Benzo
[A]pyrene induced lung cancer. This drug after various trials can be
recommended as therapeutic drug for lung cancer disease in the future. the incomplete combustion of a wide variety of organic

highly carcinogenic benzo(a)pyrene, are produced during

Keywords: Benzo[Alpyrene induced lung model; Tumor volume; materials. Through cytochrome P450 metabolism, it is
Biochemical parameters study; Histopathological study; Leaf extract of converted from 7,8—dihydrodiol—9 to epoxide, which is

Ocimum sanctum; Anti-proliferative activity; Novel drug discover . .
P v 9 y then thought to cause DNA damage and carcinogenesis

[71.

In the Ayurveda, the Indian medicine system, there are sig-
nificant numbers of medicinal plants which have potent
effect against the lung disease. The most significant effect
of medicinal plant has been documented is Ocimum sanc-
tum (Tulsi) leaves. Ocimum sanctum leaves has been shown
to have a wide range of health benefits, including those
of an antimicrobial, mosquito repellent, antioxidant, anti-
cataract, anti-inflammatory, chemopreventive, radiopro-
tective, hepato—protective, neuro-protective, cardiovascu-
lar, anti-carcinogenic, analgesic, anti-pyretic, anti-diabetic,
anti-hypertensive anti-hypercholesterolemia, anti-allergic,

immunomodulatory, central nervous system depressant,
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and assess the efficacy of leaf extract of Ocimum sanctum
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MATERIALS AND METHODS

Chemicals and reagents

Benzo[a]pyrene (C20H12) manufactured by Sigma-
Aldrich, USA, Lot# SLBV8459, P code: 1002545809
was purchased from the scientific chemical store of Patna,
Bihar, India and provided by the Research Department of
Mahavir Cancer Sansthan and Research Centre, Patna,
India. The other solvents and chemicals used were all 99%
analytical grade.

Medicinal plant

Ocimum sanctum, commonly referred to as Tulsi, was
utilized in the study as a therapeutic herb. The leaves of
Ocimum sanctum were obtained from alocal garden in Patna
and identified and authenticated by a botanist, Prof. Ashok
Kumar Ghosh. The leaves were separated, cleaned well,
and dried in an incubator at 37°°. The powder was then
ground into a fine powder and soaked in absolute ethanol
for 48 hours before being extracted with absolute ethanol
using a Rota vapour apparatus. After the determination of
the LD50 value, the dosage of the ethanolic leaf extract of
Ocimum sanctum was titrated to 200mg/kg body weight
each day for 5 weeks.

Ethical approval

Before using animals, ethical permission was acquired from
the institute's Institutional Ethics Committee (IAEC)
through CPCSEA (Gol), with CPCSEA Registration
number. 1129/bc/07/CPCSEA. The study was authorized
by IAEC number. 2021/1B-06/10/21 on October 6, 2021.

Animals

The animal facility at the Mahavir Cancer Sansthan and
Research Centre in Patna, India, provided male Charles
Foster rats for this study. Two rats were kept in each of
the standard polypropylene cages. They were randomly
assigned to treatment and control groups. Rats had a
constant room temperature of 22+ 2 °C, a light/dark cycle
of 12 hours, and ad libitum access to food and drink.

Lung tumor model development

To induce lung tumors, rats were administered Benzo[a]
pyrene dissolved in olive oil at a concentration of 25 mg/
Kg on days 1 and 14 and then left alone for three months.
After 3 months, fine needle aspiration cytology study
confirmed the presence of lung tumors in the animals, and
lung biopsies were performed on a small number of mice
provided definitive proof of lung cancer.

Experimental design

Thirty male Charles Foster rats, 6 weeks old weighing (150-
180 g) were divided into groups of n=6 animals in each.
Group I- Control (n=0)

Group II- Benzo[a]pyrene treated (n=12)

Group HI- Ocimum sanctum treated (n=6) - Upon Benzola]
pyrene induced treated with Ocimum sanctum ethanolic
leaf extract (200mg/kg body weight per day) for 5 weeks
(Group II rats).
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Anesthetic drug ketamine was used to induce anesthesia
in rats, and then the animals were euthanized after the
drug had taken effect. The rats used in the experiments
had their orbits punctured to collect blood samples. Serum
was drawn for biochemical analysis and lipid peroxidation
calculation. Various organ tissues, including lung tissue,
were fixed in 10% formalin for histological examination.

Biochemical assay

Serum was analyzed using a (UV - Vis) spectrophotometer
(UV-10, Thermo Scientific, USA) to conduct biochemical
tests. 'The Liver function test (LFT) as serum glutamate
pyruvate transaminase (SGPT) and serum glutamate
oxaloacetate transaminase (SGOT) measured
according to the method [42] alkaline phosphatase (ALP)
by using method of [29] (1954), total bilirubin activity by
method [26] (1938). The kidney function test (KFT) was
analyzed through urea by the method of [11] (1960); [12]
(1859), creatinine by the method of [13] (1945) and uric
acid by the method of [11] (1980).

Lipid peroxidation (LPO)
The double heating method [14] (1990) based on the

spectrophotometric measurement of color reproduction
during the reaction to thiobarbituric acid (TBA) with
malondialdehyde (MDA) was used to assess thiobarbituric
acid reactive substances (TBARS), which are used as
markers of LPO. In this experiment, 0.5 milliliters of
serum was combined with 2.5 milliliters of Trichloroacetic
acid (T'CA) solution and cooked in a water bath at 90
degrees Celsius for 15 minutes. After letting the mixture
settle to ambient temperature, centrifugation at 3000
rpm for 10 minutes was performed. After heating the
supernatant for 15 minutes at 90°C in a water bath, 2 ml
of it was combined with 1 ml of 0.675% TBA solution in
a test tube. At room temperature, the solution was allowed
to cool down. A UV-Visible spectrophotometer (Thermo
Scientific UV-10 USA) was used to determine absorbance
at 532nm.

were

Superoxide dismutase (SOD) activity

The Epinephrine Method -SOD activity in the supernatant
was determined using the method described by [38]

(1972). The technique relies on measuring the rate of
epinephrine auto-oxidation inhibition by SOD contained
in the examined samples in 50 mM sodium carbonate
buffer pH 10.2, within the linear range of auto-oxidative

curve and U/mg protein units were used to express the
SOD activity.

Catalase (CAT) activity

The method developed by [19] 1991 was used to assess
catalase (CAT) activity. The process included incubating
serum samples in a substrate containing 65 mol/ml
hydrogen peroxide in 60 mmol/l sodium-potassium
phosphate buffer, pH 7.4 for 60s at 37 °C. One CAT unit
was converted into one micromole of H,O, every minute

under these circumstances. Finally, the enzymatic process
was halted using 32.4 mM (NH,)2MoO, (Ammonium
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molybdate), and the yellow complex of molybdate and
hydrogen peroxide was identified at 405 nm, in contrast
to a blank containing all the components but the enzyme.

Histopathologically study

For 24 hours, lung tissues were fixed in 10% formalin.
The tissues were then dehydrated in a variety of ethanol
concentrations before being embedded in paraffin wax. For
histological analysis, a 4.5um section was cut and stained
with haematoxylin and eosin for histopathological study
under light microscope [15,16] (2014).

Statistical analysis

The data from each group of rats (n = 6) is shown as a mean
standard deviation (SD). One-way analysis of variance
(ANOVA) and Tukey's test for multiple comparisons
(p0.05 was regarded statistically significant) were used to
examine the total variation reflected in a set of data. We
used the statistical software GraphPad Prism (GraphPad 5
Software, Inc, San Diego, USA) to do the statistics.

RESULTS

Morbidity and mortality

Death rates were found to be somewhat elevated in the
Benzo[a]pyrene-treated group. At the conclusion of the
treatment, however, some moderate restlessness was seen.
Every single group had severe shortness of breath, which
subsided after receiving Ocimum sanctum.

Effect of Ocimum sanctum on liver
functional test (LFT)

There was a statistically significant (p<0.0001) increase

Tab.1. Showing liver function test data.
Parameters

Control

in SGPT, SGOT, ALP, and total bilirubin levels in the
Benzo[a]pyrene-treated group compared to the control
group. However, blood levels of SGPT, SGOT, ALP, and
total bilirubin all decreased following treatment with
the hydroxyethanolic leaf extract of Ocimum sanctum
(p<0.0001). Ocimum sanctum leaf extract seems to provide
protection against the hepatotoxicity caused by Benzo[a]
pyrene, according to the current research (Tab. 1).

Effect of Ocimum sanctum on kidney
functional test (KFT)

There was a substantial (p< 0.0001) increase in the levels
of urea, uric acid, creatinine, and albumin in the group
that was treated with Benzo[a]pyrene in contrast to the
group that served as the control. However, after treatment
with the hydroxyethanolic leaf extract of Ocimum sanctum,
there was a substantial (p <0.0001) reduction in the levels
of albumin, urea, and uric acid found in the blood. The
present study demonstrates that Ocimum sanctum has
a protective effect against the nephrotoxicity caused by
Benzo[a]pyrene (Tab. 2).

Effect of Ocimum sanctum on lipid
peroxidation (LPO)

In compared to the rats in the control group, the rats that
were given Benzo[a]pyrene had blood levels of LPO that
were statistically considerably higher (p<0.0001). However,
a significant reduction (p< 0.0001) was seen following
the administration of the hydroxyethanolic leaf extract of
Ocimum sanctum. This was in comparison to the control
group, which did not see any significant alterations. This
indicates that the leaf extract of Ocimum sanctum has the
potential to serve as an antioxidant( Fig. 1).

Ocimum sanctum Treated
Benzo [a] pyrene Treated

for 5 Weeks

SGPT (U/mL) 31.21+14 179.23+5.34" 77.3+2.45"

SGOT (U/mL) 30.23+1.6 235.12+ 6.45™ 56.34 +3.34"

ALP (KA units) 10.43 +£0.95 28.14+3.11° 20.5+2.14"

Bilirubin (mg/dL) 0.91+0.22 2.89+0.6" 1.3+0.43"
Tab.2. Showing kidney function test Parameters Control Benzo [a] pyrene Treated Ocimum sanctum Treated for 5 Weeks
data. Urea (mg/dL) 29.23+1.97 89.12 +2.45" 53.45 +2.45%*

Uric acid (mg/dL) 4.54 +1.02 23.14+2.10" 7.34 + 1.35%*
Creatinine (mg/dL) 0.88 + 0.66 4.93+1.11" 1.13 +£0.95*

Fig. 1. Showing levels of lipid peroxidation
activity in different treatment groups.
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Effect of Ocimum sanctum on superoxide
dismutase (SOD)

In compared to the rats in the control group, the rats that
were given Benzo[a]pyrene had a substantial drop in their
SOD activity (p< 0.0001). However, a significant rise
(p< 0.0001) was seen following the administration of the
hydroxyethanolic leaf extract of Ocimum sanctum. This was
in comparison to the control group, which did not see any
significant alterations. This indicates that the leaf extract of
Ocimum sanctum has the potential to act as an antioxidant

(Fig. 2).

Effect of Ocimum sanctum on catalase
(CAT) activity

In compared to the rats in the control group, the rats that
were given Benzo[a]pyrene had a CAT activity that was
considerably lower (p< 0.0001). However, a significant rise
(p< 0.0001) was seen following the administration of the
hydroxyethanolic leaf extract of Ocimum sanctum. This was
in comparison to the control group, which did not see any
significant alterations. This indicates that the leaf extract of
Ocimum sanctum has the potential to act as an antioxidant(

Fig .3).

Fig. 2. Showing levels of superoxide
dismutase activity in different treatment
groups.
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Fig. 3. Showing levels of catalase activity 40+
in different treatment groups.
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Fig. 4. Showing a microphotograph of ',
lung tissue sections of (A) control lung |
section exhibiting normal architecture
of alveolar sacs x 500 (B) lung tissue 4
section showing abnormal architecture of
alveolar sacs x 500 (C) Ocimum sanctum
leaf extract treatment group showed .
considerable normalization in the lung
tissue with least residual disease x500 in .\
comparison to Benzo (a) pyrene treated E ;
group which showed papillary tubulo-
alveolar carcinoma x500.
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Histopathological study

The histological investigation reveals that the tissue of the
lung contains alveolar sacs that have a normal morphology.
It would suggest that the parietal and visceral layers are not
interfering with the lung's regular functioning (Fig .4A).
In the rats that were treated with Benzol[a]pyrene, there was
evidence of lung cells that had papillary tubulo-alveolar
carcinoma (Fig .4B). There was a considerable reversal in
the condition of the lung cells following the treatment with
the leaf extract of Ocimum sanctum. Despite this, the disease is
still present, although in a very minor form (Fig. 4C).

DISCUSSION

The most prevalent environmental carcinogen that
individuals are routinely exposed to is Benzo (a) pyrene.
This chemical is known to cause cancer in humans. Papillary
tubulo-alveolar carcinoma was the kind of lung tumor
that developed in the current research as a result of the
treatment with Benzo[a]pyrene in the tissue. This disease
model emerged as the most prevalent one created in the
present investigation. In most cases, exposure to benzola]
pyrene promotes the activation and rise in expression of
the histone H3 lysine 9 methyl-transferase. Additionally, it
inhibits the action of the tumor-suppressor gene SOCS3,

Superoxide dismutase (Tumour Tissue) Levels

Benzo[a]pyrene treated O.sanctum
Catalase Levels (Tumour Tissue)
e e
e
" e
Benzo[a]pyrene treated O.sanctum
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which in turn causes a disruption in the activities of the
caspase series and additionally activates the Akt and Erkl/2
pathways, which ultimately results in the development
of tumors in the lungs. Researchers from an array of
institutions all came up with variations of a similar model
[17-24] (2014); [25] (2018); [26] 2008; [27] (2018); [28-
30] (2016).

In the current investigation, a lung tumor model that was
produced by Benzo[a]pyrene was formed. This model
was confirmed histopathologically, as there was a large
formation of papillary tubulo-alveolar carcinoma in the
lung. However, after treatment with an extract of the leaf
of Ocimum sanctum, there was an enormous change in
the lung cells, as normal alveolar sacs were shown to be
present after examination. This finding lends credence to
the hypothesis that the leaf extract of Ocimum sanctum has
anti-carcinogenic properties. It has been discovered that
the active component eugenol (1-hydroxy-2-methoxy-
4-allylbenzene), which is contained in the leaf extract of
the Ocimum sanctum plant, is primarily responsible for the
medicinal potentials of the Tulsi plant. Ocimum sanctum
leaf extract has also been shown to have an anticancer
impact in a number of animal models. Ocimum sanctum
and its phytochemicals eugenol, rosmarinic acid, apigenin,
myretenal, luteolin, -sitosterol, and carnosic acid have
shown in preclinical studies to increase antioxidant activity,
alter gene expression, induce apoptosis, and inhibit
angiogenesis and metastasis, thereby preventing chemically
induced skin, liver, oral, and lung cancers. Orintin and
vicenin, two flavanoids found in Ocimum sanctum, have
been demonstrated to protect normal tissues against
radiation's cytotoxic effects on tumors while also protecting
mice from the illness and death caused by -radiation.
Eugenol, rosmarinic acid, apigenin, and carnosic acid are
some of the other key phytochemicals proven to protect
DNA from radiation [31]2005; [32-34] 2005; [35-39]
2023; [40] 2023; [41] 2013; [42-43] 2013; [44] 2023; [45]
20205 [46-47] 2009; [48-49] 2020 & 2019; [50] 2023).
Furthermore, in the present study there has been significant
decrease (p<0.05) in the antioxidant effects in Benzo[a]
pyrene treated group in comparison to the control group.
There was significant decrease (p<0.05) in the superoxide
dismutase levels and catalase levels, while significant
increase (p<0.05) in the lipid peroxidation levels. But after
the treatment with the leaf extract of Ocimum sanctum,
there was significant (p<0.05) normalization in the levels
of superoxide dismutase, catalases and lipid peroxidation
levels. The leaf extract of Ocimum sanctum contains
Eugenol, Orintin and vicenin, two flavanoids that have been
demonstrated to protect normal tissues against radiation's
cytotoxic effects on tumors while also protecting mice from
the illness and death caused by -radiation. Various authors
have correlated their study with the effect of leaf extract
of Ocimum sanctum [51] 2020; [52] 2012; [53-54] 2005;
[55] 2006; [56-58] 2006; [59] 2004.

In the current study, the vital organs such as the liver and

kidneys biochemical parameters were evaluated to observe
the effect of drug side effects. The results showed a significant
(p0.05) increase in the levels of SGPT, SGOT, ALP
bilirubin, urea and uric acid and creatinine levels; however,
after the administration of the leaf extract of Ocimum
sanctum, there was a significant (p<0.05) normalization in
the levels in the liver and although there was a substantial
(p<0.05) drop in the levels as compared to the Benzo[a]
pyrene treated group, the levels were still significantly
higher than the usual limits. Because the liver and kidneys
are metabolic organs, the anti-inflammatory activity in
those organs may be delayed as a result of the significant
damage induced by Benzo[a]pyrene. It is possible that
this is the reason why the problem has arisen. However,
the considerable decline in liver and kidney functions
may be attributed to the active component eugenol and
quercetol, which has been shown to have a protective effect
on both organs (hepato-renal protective effect). The most
important impact that the leaf extract of Ocimum sanctum
has a regeneration that is modest. Ocimum sanctum has
been shown to have a protective effect on both the liver
and the kidneys by a number of different studies.

CONCLUSION

It is possible to draw the following conclusion from the
complete research study that Benzola]pyrene is responsible
for the development of lung tumors in Charles Foster
rats; however, the leaf extract of Ocimum sanctum was
able to significantly reduce the severity of the lung cancer
disease. In addition to this, there was a notable restoration
to normalcy in the levels of free radicals, including lipid
peroxidation, superoxide dismutase activity, and catalase
activity. However, in the biochemical parameters of liver
function tests and kidney function tests that were analyzed,
there was a considerable normalization in the levels of ALD,
urea, and uric acid, but there was only a minor reduction
in the levels of SGPT, SGOT, bilirubin, and creatinine
levels. This was seen in both the liver and the kidneys. In
the end, the researchers came to the conclusion that the leaf
extract of Ocimum sanctum had anticancer, antioxidant,
and a modest amount of hepato-renal protective action.
In addition, the length of time that the leaf extract of
Ocimum sanctum was taken might have provided better
protection against the liver and renal organs. As a result,
this medication has therapeutic anticancer properties,
particularly with regard to lung cancer.

ACKNOWLEDGEMENTS

The authors are thankful to Mahavir Cancer Sansthan
and Research Centre for providing the experimental
infrastructure and YBN University for the entire research
facilities.

COMPETING INTERESTS

The authors declare that they have no conflicts of interest.



REFERENCES

©Drug Development & Research 4 (15) 2023: 001-007

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

. Akhouri V, Kumari M, Kumar A, et al. Therapeutic effect of Aegle

marmelos fruit extract against DMBA induced breast cancer in rats.
Scientific reports. 2020; 10(1):180-186.

Akhouri V, Kumar A, Kumari M. Antitumor Property of Pterocarpus
santalinus Seeds Against DMBA-Induced Breast Cancer in
Rats. Breast cancer: basic and clinical research. 2020; 14:
1178223420951193.

Ali H, Dixit S, Ali D, et al. Isolation and evaluation of biological
efficacy of quercetol in human hepatic carcinoma cells. Drug design,
development and therapy.2016; 10: 155-162.

Baliga MS, Jimmy R, Thilakchand KR, et al. Ocimum sanctum L
(Holy Basil or Tulsi) and its phytochemicals in the prevention and
treatment of cancer. Nutrition and cancer.2013; 65 (1): 26-35.

Baliga MS, Jimmy R, Thilakchand KR, et al. Household air pollution
and chronic obstructive pulmonary disease. "A Riddle, Wrapped in
a Mystery, Inside an Enigma". Am J Respir Crit Care Med.2018;
197:547-549.

Balmes JR, Eisen EA. Household air pollution and chronic
obstructive pulmonary disease. "A Riddle, Wrapped in a Mystery,
Inside an Enigma". Am J Respir Crit Care Med.2018; 197:547-549.

Baltayiannis G, Baltayiannis N, Tsianos EV. Suppressors of
cytokine signaling as tumor repressors. Silencing of SOCS3 facilitates
tumor formation and growth in lung and liver. JOBUON.2008; 13(2):
263-265.

Bedi O, Bijjem KRV, Kumar P, et al. Herbal Induced Hepatoprotection
and Hepatotoxicity: A Critical Review. I[JPP.2016; 60(1): 6-21.

Berthelot MPE (1859): Report Chim Appl. 2884.

Bhattacharyya P, Bishayee A. Ocimum sanctum Linn. (Tulsi): an
ethnomedicinal plant for the prevention and treatment of cancer. Anti-
cancer drugs.2013; 24(7): 659-666.

Bones RW, Tausky HH. Colorimetric determination of creatinine by
the Jaffe reaction. J Biol Chem.1945; 158: 581-91.

Cardiff RD, Miller CH, Munn RJ. Manual hematoxylin and eosin
staining of mouse tissue sections. Cold Spring Harbor protocols.
2014; 6: 655-658.

Chaudhary A, Sharma S, Mittal A, et al. Phytochemical and
antioxidant profiling of Ocimum sanctum. Journal of food science and
technology.2020; 57(10); 3852—-3863.

Chen H, Lee LS, Li G, et al. Upregulation of glycolysis and oxidative
phosphorylation in benzo[a]pyrene and arsenic-induced rat lung
epithelial transformed cells. Oncotarget.2016; 7(26): 40674—-40689.

Cohen MM. Tulsi - Ocimum sanctum: An herb for all reasons. J-AIM
.2014; 5(4): 251-259.

Draper HH, Hadley M. Malondialdehyde determination as index of
lipid peroxidation. Methods Enzymol. 1990; 186: 421-431.

Fawcett JK, Scott J. Arapid and precise method for the determination
of urea. J Clin Path. 1960; 13(2): 156-159.

Fossati P, Prencipe L. Enzymatic colorimetric method of the
determination of uric acid in serum. Clin Chem.1980; 26: 227.

Goéth L. A simple method for determination of serum catalase activity
and revision of reference range. Clin Chim Acta.1991; 196(2, 3):
143-151.

Gu Q, Hu C, Chen N, et al. A comparison between lung carcinoma and
a subcutaneous malignant tumor induced in rats by a 3, 4-benzopyrene
injection. Int J Clin Exp Patho.2018; 11(8): 3934-3942.

Harsha M, Mohan Kumar KP, Kagathur S. Effect of Ocimum
sanctum extract on leukemic cell lines: A preliminary in-vitro study.
JOMFP.2020; 24(1): 93-98.

Hasan MR, Alotaibi BS, Althafar ZM, et al. An Update on the
Therapeutic Anticancer Potential of Ocimum sanctum L "Elixir of Life".
Molecules.2023; 28(3): 1193.

Hu J, Bao Y, Huang H, et al. The preliminary investigation of potential
response biomarkers to PAHs exposure on childhood asthma. J Expo
Sci Environ Epidemiol.2022; 32(1): 82-93.

Hussain T, Al-Attas OS, Al-Daghri NM, et al. Induction of CYP1A1,
CYP1A2, CYP1B1, increased oxidative stress and inflammation in the
lung and liver tissues of rats exposed to incense smoke. Mol Cell Bio
Chem. 2014; 391(1-2):127-36.

6 —

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44.

45.

46.

47.

Hyland KC, Shukla SD, Hansbro PM, et al. Cow Dung Biomass
Smoke Exposure Increases Adherence of Respiratory Pathogen
Nontypeable Haemophilus influenzae to Human Bronchial Epithelial
Cells. Expo Health.2020; 12:883-895.

Jendrassik GF, Grofs BM. Quantitative colorimetric determination of
bilirubin in serum or plasma. Clin Chem Acta.1938; 27: 79.

Kasala ER, Bodduluru LN, Barua CC, et al. Benzo (a) pyrene induced
lung cancer: Role of dietary phytochemicals in chemoprevention.
Pharmacol Rep. 2015; 67(5):996-1009.

Kath RK, Gupta RK. Antioxidant activity of hydroalcoholic leaf extract
of ocimum sanctum in animal models of peptic ulcer./JPP.2006; 50(4):
391-396.

Kind PRH, King EJ. Determination of Alkaline Phosphatase activity
in serum. J Clin Path. 1954; 7: 322.

Kumar P, Patel D. Ocimum Sanctum: An All-Round Treatment for
Cancer? Alternative therapies in health and medicine. 2023; 29(4),
253-257.

Kumar A, Kumar V, Akhouri V, et al. Protective efficacy of
Coriandrum sativum seeds against arsenic induced toxicity in Swiss
albino mice. Toxicol Res. 2022; 38(4), 437—-447.

. Li Y, Zheng Y, Wang H, et al. Anticancer activity of Vicenin-2 against

7,12 dimethylbenz[alanthracene-induced buccal pouch carcinoma in
hamsters. J Biochem Mol Toxicol. 2021; 35(3):e22-673.

Magesh V, Lee JC, Ahn KS, et al. Ocimum sanctum induces
apoptosis in A549 lung cancer cells and suppresses the in vivo growth
of Lewis lung carcinoma cells. Phytother Res. 2009; 23(10):1385-
1391.

Manaharan T, Thirugnanasampandan R, Jayakumar R, et al.
Antimetastatic and anti-inflammatory potentials of essential oil from
edible Ocimum sanctum leaves. Sci World J. 2014; 239-508.

Manisalidis |, Stavropoulou E, Stavropoulos A, et al. Environmental
and Health Impacts of Air Pollution: A Review. Front Public Health.
2020; 8-14.

Martin EM, Fry RC, et al. Environmental influences on the epigenome:
exposure associated DNA methylation in human populations. Annu
Rev Public Health. 39, 309-333.

Misra HP, Fridovich I. The role of superoxide anion in the autoxidation
of epinephrine and a simple assay for superoxide dismutase. J Biol
Chem. 1972; 247(10):3170-3175.

Moorthy B, Chu C, Carlin DJ, et al. Polycyclic aromatic hydrocarbons:
from metabolism to lung cancer. Toxicol Sci. 2015; 145(1):5-15.

Muralikrishnan G, Pillai SK, Shakeel F, et al. Protective effects
of Ocimum sanctum on lipid peroxidation and antioxidant status in
streptozocin-induced diabetic rats. Nat Prod Res. 2012; 26(5), 474-
478.

Prakash P, Gupta N. Therapeutic uses of Ocimum sanctum Linn
(Tulsi) with a note on eugenol and its pharmacological actions: a short
review. Indian J Physiol Pharmacol. 2005; 49(2), 125-131.

Reitman S, Frankel S. A colorimetric method for the determination of
serum glutamic oxalacetic and glutamic pyruvic transaminases. Am J
Clin Pathol. 1957; 28(1): 56-63.

Rider CF Carlsten C. Air pollution and DNA methylation: effects of
exposure in humans. Clin Epigenetics. 2019; 11(1):120-131.

Sethi J, Sood S, Seth S, et al. Evaluation of hypoglycemic and
antioxidant effect of Ocimum sanctum. Indian J Clin Biochem. 2004;
19(2):152-155.

Shah K, Verma RJ. Protection against butyl p-hydroxybenzoic
acid induced oxidative stress by Ocimum sanctum extract in mice
liver. Acta Pol Pharm. 2012; 69(5): 865-870.

Sharmila Banu G, Kumar G, Murugesan AG, et al. Effects of leaves
extract of Ocimum sanctum L. on arsenic-induced toxicity in Wistar
albino rats. FCT. 2009; 47(2):490-495.

Stading R, Gastelum G, Chu C, et al. Molecular mechanisms of
pulmonary carcinogenesis by polycyclic aromatic hydrocarbons
(PAHSs): Implications for human lung cancer. Semin Cancer Biol.
2021; 76: 3-16.

Suanarunsawat T, Anantasomboon G, Piewbang C, et al. Anti-
diabetic and anti-oxidative activity of fixed oil extracted from Ocimum
sanctum L. leaves in diabetic rats. Exp Ther Med. 2016; 11(3):832-840.



48.

49.

50.

51.

52.

53.

Kumar A, et al. — Antiproliferative effect of Ocimum sanctum against benzo[A]pyrene induced lung tumors in rats

Subramanian M, Chintalwar GJ, Chattopadhyay S, et al.
Antioxidant and radioprotective properties of an Ocimum sanctum
polysaccharide. Redox Rep. 2013; 10(5):257-264.

Subramanian M, Chintalwar GJ, Chattopadhyay S, et al. Iron
modulatory property of a polysaccharide from Indian medicinal plant
Ocimum sanctum. Free Radic Res. 2021; 55(5):510-519.

Tiwari R, Kalra A, Darokar MP, et al. Endophytic bacteria from
Ocimum sanctum and their yield enhancing capabilities. Curr
Microbiol. 2010; 60(3):167-171.

Utispan K, Koontongkaew S, Niyomtham N, et al. Ethanolic
extract of Ocimum sanctum leaf modulates oxidative stress, cell cycle
and apoptosis in head and neck cancer cell lines. Heliyon. 2023;
9(4):e15518.

Vogel CFA, Van Winkle LS, Esser C, et al. The aryl hydrocarbon
receptor as a target of environmental stressors - Implications for
pollution mediated stress and inflammatory responses. Redox Biol.
2020; 34:101-530.

Wang Z. Mechanisms of the synergistic lung tumorigenic effect of
arsenic and benzo(a)pyrene combined- exposure. Semin. Cancer
Biol. 2021; 76, 156—162.

54.

55.

56.

57.

58.

59.

Wang IJ, Karmaus WJ, Yang CC, et al. Polycyclic aromatic
hydrocarbons exposure, oxidative stress, and asthma in children. Int
Arch Occup Environ Health. 2017; 90(3):297-303.

Wang Z, Yang P, Xie J, et al. Arsenic and benzo[a]pyrene co-
exposure acts synergistically in inducing cancer stem cell-like
property and tumorigenesis by epigenetically down-regulating SOCS3
expression. Environ Int. 2020; 137:105-560.

Wihadmadyatami H, Hening P, Kustiati U, et al. Ocimum
sanctum Linn. ethanolic extract inhibits angiogenesis in human lung
adenocarcinoma (a549) cells. Vet World. 2020; 13(9):2028-2032.

Wihadmadyatami H, Karnati S, Hening P, et al. Ethanolic extract
Ocimum sanctum Linn. Induces an apoptosis in human lung
adenocarcinoma (A549) cells. Heliyon. 2019; 5(11):e027-72.

Yang P, Xie J, Li Y, et al. Deubiquitinase USP7-mediated MCL-1
up-regulation enhances Arsenic and Benzo(a)pyrene co-exposure-
induced Cancer Stem Cell-like property and Tumorigenesis.
Theranostics. 2020; 10(20):9050-9065.

Yuniarti WM, Krismaharani N, Ciptaningsih P, et al. The protective
effect of Ocimum sanctum leaf extract against lead acetate-induced
nephrotoxicity and hepatotoxicity in mice (Mus musculus). Veterinary
world. 2021; 14(1):250-258.






