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Abstract:

Lung cancer is the leading cause of cancer mortality world-wide. Cigarette smoking is the most established
risk factor for lung carcinogenesis; however, the effects of benzo (a) pyrene [B(a)P], one of the key carcinogens
in smoke, on the progression of lung cancer are obscure. The identification of key regulatory and molecular
mechanisms involved in lung carcinogenesis is, therefore, critical to understanding this disease and could
ultimately lead to targeted therapies to improve prevention and treatment. In an earlier study, | observed the
effect of curcumin on the changes in the activities of endogenous antioxidants and lipohydroperoxide in rat lung
injury by the administration of B(a)P. In the present study, | am interested in investigating whether B(a)P
produces ROS, which activates inflammatory mediators and Wnt/B-catenin signaling to produce a lot of
transcriptional genes and biochemical changes involved in lung carcinogenesis and its mechanistic prevention
by the targeting of liposomal curcumin in rat.

Introduction:
The incidence of lung cancer is strongly correlated with cigarette smoking, with about 90%

of lung cancers arising as a result of tobacco use (Biesalski et al., 1998; Peto et al., 2006; Maiti
& Samanta, 2018; Dey & Guha, 2020). It is the single best-documented risk factor for all lung
cancer types (Wynder et al., 1994). Each cigarette contains a mixture of carcinogens, including
the tobacco-specific nitrosamine NNK and polycyclic aromatic hydrocarbons (PAHS) such as
benzo(a)pyrene (B(a)P), among others, along with tumor promoters and co-carcinogens
(Hoffmann et al.,1997; Hoffmann et al., 1990; Boga & Bisgin, 2022). The complex of PAHs
and the tobacco-specific nitrosamine NNK in cigarette smoke is the mixture that is most likely
to be involved in the induction of human lung cancer (Saha & Yadav, 2023; Mehta et al.,
2023). Passive smoking, or the inhalation of tobacco smoke from other smokers sharing living
or working quarters, is also an established development of lung cancer.

In my previous study, ROS were generated in BEAS-2B cells exposed by metals and
induced and activated inflammatory mediators, Wnt/3-catenin signal transduction pathway, the
key molecules responsible for carcinogenesis. Whether the same role of B(a) P-induced key
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factors may happen in lung carcinogenesis and inhibition of it on the basis of the mechanism of
drug action will be examined.

Oxidative stress refers to the phenomenon of the production of ROS, namely superoxide
(02), hydroxyl (OH) and peroxyl (ROO) radicals and hydrogen peroxide (H202), which exert a
threat to lung cells. Lung cells, when exposed to ROS, trigger their self-antioxidant protection
mechanism to counter the oxidative attack. But in the diseased state, ROS rises above the
tolerance level and lung cells are not able to counter the ROS and thus succumb to irreversible
lung cell damage. Antioxidant compounds were tested to protect the lung against those reactive
oxygen intermediates. But, simple antioxidant therapy is not an effective approach to counter
oxidative damage and combat lung cancer, as the concentrations of antioxidants to interact with
lung cells become diluted. Hence, it is essential to develop a delivery system for vectoring
antioxidants to lung cells. Liposome mediated drug delivery to lung cells is potentially
significant among other delivery devices not only for its nontoxic nature, biodegradability, and
non-immunogenetics but also for vectoring the encapsulated drug to a particular target organ.
Furthermore, owing to the presence of mannosyl-fucosyl receptors on the surface of lung cells,
mannose coated liposomes are effective in site-specific drug delivery to lung tissues.

Curcumin, a polyphenol compound, the principal curcuminoid of the Indian curry Spice
turmeric, is known for its antitumor, antioxidant, anti-proliferative, anti-mutagenic,
antiarthritic, anti-amyloid and anti-inflammatory properties (Mukherjee Nee Chakraborty et al.,
2007). It is widely used as a dietary spice and coloring in cooking and as a herb in traditional
Indian medicine.

The aim of this study is to optimize an antioxidant and anti-carcinogenic curcumin in
mannosylated liposome formulation and to evaluate its mechanism of action in combating lung
carcinogenesis by using an in vivo rat model of B(a)P-induced lung cell injury.

Methodology:

A. Animal experiment:

Adult male Swiss Albino Rats, each weighing approximately 100-120gm, were acclimatized
to conditions in the laboratory (26-28°C, 60-80% relative humidity, 12h light/dark cycle) for 7
days prior to the commencement of the treatment during which they were receiving food
(purchased from Hindustan Lever Limited, Maharashtra, India) and drinking water. Sixty rats
were divided into ten groups of six animals. For the 1% set of five groups, normal group was
kept by injecting olive oil twice in a week for consecutive six weeks and normal food for 18
weeks. One experimental group was injected B(a)P ( i.p. 50mg/kg b wt in 0.5ml olive oil) twice
in a week for consecutive six weeks. Out of remaining three experimental groups, one group
was injected (i.v.) with free Curcumin ( 0.5ml suspension of 0.2% tween 80 agqueous solution
containing 0.33mg Curcumin) twice in a week for 16 weeks after four weeks of B(a)P
treatment. Other two groups were provided (i.v.) liposomal and mannosylated liposomal
Curcumin (each 0.5ml suspension containing 0.33mg liposomal and mannosylated liposomal
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Curcumin respectively) twice in a week for 16 weeks after four weeks of B(a)P exposure. The
2" set of five groups was repeated for another study. At the end of 18" week, rats in normal,
P(a)P-control and other experimental groups were sacrificed and their lung tissues were
removed and washed with cold physiological saline and either used for experiments or kept at -
70°C. The animal experiment has been approved by Institutional Animal Ethical committee.

B. Estimation of endogenous antioxidants level in normal, B(a)P and Curcumin treated
rat lungs

For the determination of endogenous anti-oxidants defense such as GSH, SOD, GPx, GR,
GST, catalase, lungs of normal and experimental animals were homogenized separately in
50mM chilled phosphate buffer pH 7.4 containing 1ImM EDTA.

C. Estimation of GSH level

Glutathione level in tissue homogenate was determined by using tetrachloroacetic acid with
EDTA as protein precipitating agent. The mixture was allowed to stand for 5 minutes prior to
centrifugation for 10 minutes at 200g. The mixture was then transferred to a new set of test
tubes and 0.3M phosphate buffer and Ellmen reagent (5, 5! dithiobis- 2 nitrobenzoic acid in 1%
Na-citrate) were added. After completion of the total reaction, solutions were read at 412nm.
Absorbance values were compared with a standard curve generated from known GSH
concentration to evaluate liver homogenate GSH levels.

D. Estimation of SOD activity
The assay of superoxide dismutase for liver homogenate was performed with 10mM
ferricytochrome c.

E. Estimation of GPx activity

To measure the GPx activity, homogenate containing the enzyme source was mixed with
0.25M potassium phosphate buffer, 25mM EDTA, glutathione reductase, 40mM
glutathione(GSH), 20mM NADPH. The mixture was mixed and then incubated for 2 minutes at
37°C. The reaction was initiated by adding t-butyl hydroperoxide at the final concentration of
0.3mM. The mixture was stirred and the absorbance was read immediately at 340nm at 1-
minute intervals for 4 minutes. The absorbance change during the 2 to 4-minute interval was
used to calculate enzyme activity. The activity was determined and expressed as pumol NADPH
oxidized/min/mg protein.

F. Estimation of GR activity

GR was assayed. A 3ml reaction mixture contained 100mM phosphate buffer (pH 7.0), 1ImM
GSSG, 1mM EDTA, 0.1mM NADPH, and 25 to 50 pl enzyme extract. The reaction was started
by adding the enzyme extract. The rate of NADPH oxidation was followed by monitoring the
decrease in absorbance at 340nm with a recording spectrophotometer. The activity was
expressed as pmol of NADPH oxidation/min/mg protein.
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G. Estimation of GST activity

GST activity was determined in a total volume of 1.0ml, containing 100mM potassium
phosphate buffer (pH 6.5) and 2mM each of GSH and 1-chloro-2-4-dinitrobenzene ( final
concentration). The rate of formation of S-2-4-dinitropgenylglutathione (a GSH-1-chloro-2,4-
dinitrobenzene conjugate) by enzyme extract was quantified at 340nm using the extinction
coefficient of 9.6L mmol* cm™ (Maiti and Chatterjee, 2000) and the activity was expressed as
n mol/min/mg protein.

H. Estimation of catalase activity

The rat lung homogenate was used for catalase activities. The reaction mixture contained
sodium phosphate buffer (0.05M, pH 7.0), 50mmol/L* H,0, and 50ul of enzyme extract in a
3ml volume. The activity was assayed by monitoring the decrease in absorbance at 240nm as a
consequence of H2O2 consumption and enzyme activity expressed as amount of H20:
decomposed per minute per mg. of protein.

I. Lipid peroxidation assay

Lipid peroxidation in the lung homogenate was determined by measuring the amount of
lipohydroperoxides. The lung cell membrane was extracted twice in a chloroform-methanol
mixture (2:1, v/v). The pooled extract was evaporated to dryness under a nitrogen atmosphere
at 25°C and redissolved in cyclohexane. Lipids in cyclohexane solvent were assayed at 234nm
and the results were expressed as pmol of lipohydroperoxide/mg protein by using an €m of
2.53 x10* L molt cm™.

Results:

GSH level in the lungs decreased by the exposure of B(a)P, where that level increased by the
treatment of curcumin ( Table-1). SOD activity in the lungs reduced by the exposure of B(a)P,
but this activity is found to increase by the treatment of curcumin (Table-1). GPx activity
decreased by the exposure of B(a)P, but it increased by the treatment of curcumin (Table-1).
GR activity of lung homogenate was reduced by the exposure of B(a)P, whereas this activity
increased by the injection of curcumin to rats ( Table-1). GST activity of rat lung homogenate
decreased by the treatment of B(a)P but it increased by the treatment of curcumin (Table-1).
Catalase activity of rat lung decreased with the treatment of B(a)P, whereas this activity
increased with the treatment of curcumin (Table-1).

Table 1. Effect of curcumin on the changes in GSH, SOD, GPx, GR, GST and catalase
activities in rat lung by the induction of B(a)P.
100xGSSG/GSH SOD GPx pmole

GR pmole of  GST nmole Catalase

(Units/m NADPH NADPH produced/ pmole H20;
g oxidation/min/  oxidation/min/ mg protein  reduced/min/
protein) mg protein mg protein mg protein
Normal | 1.50+0.1 | 4.23+0.3 40.4614.24 3.02+0.38 230£16.5 241+15.3
5 4
B(@P | 0.95+0.0 | 2.52+0.1 20.21+2.04* 1.51+0.13* 132+10.4* 111+9.2*
treated 9* 9*
Curcum | 1.12+0.1 | 3.82+0.2 | 32.53+6.28 # 2.23+0.21 # 196+14.4 # 201+£12.4 #
in 1# 1#
treated
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Each value was expressed as mean = S.D. for 5 rats in each group. Statistical significance:
*p<0.05, where B(a)P treated group compared with normal and #p<0.05, where curcumin-
treated group compared with B(a)P treated group.

In my study, the lipohydroperoxides increased by the treatment of B(a)P where it decreased
by the treatment of curcumin ( Table-2).

Table 2. Effect of curcumin on lipid peroxidation in the lung of normal and experimental
rats.

Lipohydroperoxides (umol/mg protein)

Normal 0.7+£0.06
B(a)P treated (A) 1.3+0.11*
(A)+Curcumin treated 1.0+0.09#

Values are mean + SD for 5 rats. *p<0.05 significantly different from normal.
#p<0.05 significantly different from B(a)P treated.

Discussion & Conclusion:
Lung cancer, the most common cause of cancer-related death in men and women, is

responsible for 1.3 million deaths world-wide annually (WHO February 2006 Cancer),
representing 18% of global cancer deaths (Field et al., 2006) where about 90% of lung cancer
mortality is due to cigarette smoking (Chyou et al., 1992). There is a great variation in the
prevalence of lung cancer in different geographical areas. Nearly 70% of all the new cases of
lung cancer in the world occur in developed countries (Parkin et al., 1988). B(a)P is a
significant pro-carcinogenic substance, which requires metabolic activation to electrophilic
reactive metabolites for its carcinogenic activity (Gelboin, 1980). It is well established that
B(a)P, after sequential metabolic activation principally by cytochrome P450, generates 7,8- diol
— 9, 10- epoxide-benzo(a)pyrene, which is believed to be the ultimate carcinogenic metabolite
of B(a)P (Su et al., 2006) that leads to the formation of DNA adducts and initiates mutations
responsible for tumor development. The toxic manifestations of the carcinogenic intermediates
of B(a)P are being considered caused primarily due to the imbalance between pro-oxidant and
anti-oxidant homeostasis and also due to its ability to bind to sulphydryl groups of proteins and
cellular non-protein thiols such as glutathione (GSH) and to inhibit energy production which
may be exerted through excess production of ROS. This study will report on one of the
mechanisms of lung carcinogenesis exposed by B(a)P in rat model. It will also focus on the
mechanistic regulation of lung carcinogenesis by the exposure of curcumin. Mannosylated
liposomal Curcumin may be a therapeutic tool because of its efficacy in combating lung
carcinogenesis. Although progress has been made in reducing incidence and mortality rates and
improving survival, lung cancer still accounts for more deaths. Moreover, progress can be
accelerated by applying existing cancer control knowledge across all segments of the
population and by applying new discoveries in cancer prevention, early detection and treatment
(Ahmedin et al., 2009; Madhu et al., 2022; 2023).



Al, Human Memory and the Ability of Self via Cognitive Development

References:

Ahmedin, J., Rebecca, S., Elizabeth, W., Yongping, H., Jiaguan, X., & Michael, JT. (2009).
Cancer Statistics. CA Cancer J Clin., 59, 225- 249.

Biesalski, HK., Bueno de Mesquita, B., & Chesson, A. et al (1998). European consensus
statement on lung cancer: risk factors prevention. CA Cancer J Clin., 48(3), 167- 176.

Boga, I, & Bisgin, A. (2022). Real-world applications of tumor mutation burden (TMB)
analysis using ctDNA and FFPE samples in various cancer types of Turkish
population. Int. J. Exp. Res. Rev., 29, 89-93. https://doi.org/10.52756/ijerr.2022.v29.010

Chyou, PH., Nomura, AM., & Stemmermann, GN. (1992). A prospective study of the
attributable risk of cancer due to cigarette smoking. Amer J Public Health., 82, 37- 40.

Dey, S., & Guha, P. (2020). A brief review on cigarette induced cellular. Int. J. Exp. Res.
Rev., 23, 18-26. https://doi.org/10.52756/ijerr.2020.v23.002

Field, AW., Krewski, D., & Lubin, JH et al (2006). An overview of the North American
residential random and lung cancer case-control studies. J Toxicol Environ HIth Part A.,
69, 599- 631.

Gelboin, HV. (1980). Physiol Rev., 60, 1107- 1166.

Hoffmann, D., & Hecht, SS. (1990). Advances in tobacco carcinogenesis. In handbook of
experimental pharmacology. Edited by: Cooper CS, Grover PL. Heidelberg (Germany):
Springer- Verlag., 94/1, 63- 102.

Hoffmann, D., & Hoffmann, I. (1997). The changing cigarette, 1950- 1995. J Toxicol Environ
Health., 50, 307- 364.

Madhu, N.R., Sarkar, B., Biswas, P., Roychoudhury, S., Behera, B.K., & Acharya, C.K. (2023).
Therapeutic potential of melatonin in glioblastoma: Current knowledge and future
prospects. Biomarkers in Cancer Detection and Monitoring of Therapeutics, Volume-2.
Elsevier Inc., 371-386. ISBN 978-0-323-95114-2. https://doi.org/10.1016/B978-0-323-
95114-2.00002-9

Madhu, N.R., Sarkar, B., Roychoudhury, S., & Behera, B.K. (2022). Melatonin Induced in Cancer
as a Frame of Zebrafish Model. © Springer Nature Singapore Pte Ltd. 2022, S. Pathak et
al. (eds.), Handbook of Animal Models and its Uses in Cancer Research., pp. 1-18. ISBN:
978-981-19-1282-5 https://doi.org/10.1007/978-981-19-1282-5_61-1

Maiti, S., & Chatterjee, AK. (2000). Differential response of cellular antioxidant mechanism of
liver and kidney to arsenic exposure and its relation to dietary protein deficiency. Environ
Toxicol Pharmacol., Jun 1;8(4), 227- 235.

Maiti, M., & Samanta, G. (2018). Relationship between physical activity and smoking behavior
among college students. Int. J. Exp. Res. Rev., 15, 39-43.
https://doi.org/10.52756/ijerr.2018.v15.006

Mehta, V., Dey, A., Thakkar, N., Prabhakar, K., Jothimani, G., & Banerjee, A. (2023). Anti-cancer
Properties of Dietary Supplement CELNORM against Colon and Lung Cancer: An in
vitro preliminary study. Int. J. Exp. Res. Rev., 32, 1-14.
https://doi.org/10.52756/ijerr.2023.v32.001



Al, Human Memory and the Ability of Self via Cognitive Development

Mukherjee, Nee., Chakraborty, S., Ghosh, U., Bhattacharyya, NP., Bhattacharya, RK., Dey, S., &

Roy, M. (2007). Curcumin-induced apoptosis in human leukemia cell HL-60 is associated
with inhibition of telomerase activity. Mol Cell Biochem., 297, 31- 39.

Parkin, DM., Laara, E., & Muir, CS. (1988). Estimates of the world-wide frequency of sixteen

major cancers in 1980. Int J Cancer., 41, 184- 193.

Peto, RR., Lopez, AD., & Boreham, J. et al 2006. Mortality from smoking in developed countries

1950- 2000: Indirect estimates from National vital statistics. Oxford University Press.

Saha, A., & Yadav, R. (2023). Study on segmentation and prediction of lung cancer based on

machine learning approaches. Int. J. Exp. Res. Rev., 30, 1-14.
https://doi.org/10.52756/ijerr.2023.v30.001

Su, CC., Chen, GW., Lin, JG., Wu, LT., & Chung, JG. (2006). Curcumin inhibits cell migration

WHO

of human colon cancer colo 205 cells through the inhibition of nuclear factor kappa
B/p65 and down regulates cyclooxygenase-2 and matrixmetalloproteinase-2 expressions.
Anticancer Res, 26, 1281- 1288.

(February 2006). Cancer. World Health Organisation.
http://www.who:int/mediacentre/factsheets/fs297/en/. Retrieved 2007 — 06- 25.

Wynder, EL., & Hoffmann, D. (1994). Smoking and lung cancer: Scientific challenges and

opportunities. Cancer Res., 54, 5284- 5295,

HOW TO CITE

Sunit Kumar Chakraborty (2024). Evaluation of Biochemical Changes of Benzo (A) Pyrene
Induced Lung Carcinogenesis in Vivo and its Prevention by Vesicular Drug Targeting. ©
International Academic Publishing House (IAPH), Dr. Somnath Das, Dr. Ashis Kumar
Panigrahi, Dr. Rose Stiffin and Dr. Jayata Kumar Das (eds.), Life as Basic Science: An
Overview and Prospects for the Future Volume: 1, pp. 165-171. ISBN: 978-81-969828-9-8
doi: https://doi.org/10.52756/ Ibsopf.2024.e01.013




