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ABSTRACT 

 

 

Black tea is the most famous and popular consumed beverage due to its numerous 

health- promoting qualities around the world. According to the meta-analysis 

reports, drinking black tea (BT) may have mild to moderate impacts on the four 

biggest causes of fatalities globally- cancer, Type II diabetes, stroke, and coronary 

artery disease linked to atherosclerosis. Combining black tea with other medicinal 

plants used to make herbal teas or tisanes will boost its capacity to promote health. 

The goal of the current study was to identify the antioxidant, antigenotoxic, and 

lung cancer prevention benefits of black tea alone and in combination with other 

herbal teas [Ocimum gratissimum (OG), Ocimum sanctum (OS), Ocimum canum 

Sims (OC) & Stevia rebaudiana (St as an additive)]. DPPH, ABTS, NO (cell-free 

assays) as well as LPO and hemolysis (ex vivo) assays were used to assess the 

antioxidant properties of aqueous infusions. Utilizing combination index values 

(CI), isobolograms, and polygonograms, researchers examined the antioxidant 

interactions between black tea and herbal tea. Folin-Ciocalteau reagent and an 

aluminum chloride colorimetry assay were used to measure the total amount of 

phenolic and flavonoid content. A chemical substance or agent that can harm/cause 

damage to chromosomes or DNA known as “genotoxin” was determined by H2O2 - 

DNA damage (genotoxicity) assay. By assessing the cytotoxicity against the A549 

lung cancer cell line and the in vivo determination of benzopyrene [B(a)P] induced 

pulmonary lesions in mice. The findings showed that in comparison to other 

infusions, the BT in combination with OG had the highest quenching capabilities 

between BT and herbal teas, and the antioxidant interaction found was nearly 

additive. Whereas, Black tea combination with O. sanctum (BTOS) exhibited 

moderate antagonism to antagonism, and Black tea combination with O. canum 

Sims (BTOCS) showed antagonism respectively. To further evaluate the 

antioxidant capacity of the binary mixture of BT and OG at five different ratios 

(3:1, 2:1, 1:1, 1:2 & 1:3) antioxidant parameters were undertaken. The BT and OG 

combination (3:1) demonstrated maximum radical scavenging activity, TPC & 

TFC. BTOG (3:1) was further combined with Stevia rebaudiana (whole leaves). 

BTOGSt was found to be most effective free radical scavenging effect then other 

combinations. Moreover, in antigenotoxicity BTOGSt were found to be most 

effective in inhibiting H2O2 – induced DNA damage. The TPC was found 
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maximum in OG followed by BT & St whereas, TFC was observed to be high in 

BT as compared to OG & St. While, in combination there was no significant 

difference was noted in all mixtures (BTOG, BTSt, OGSt & BTOGSt). The chemo 

preventive potential of lung cancer in BT, OG, BTOG (3:1), and stevia (as an 

additive) was further investigated. The aqueous infusions of BT, OG, St, BTOG & 

BTOGSt were more cytotoxic against the A549 lung cancer cell line as compared 

to OG. The histopathological examination revealed that BT, OG, St, BTOG & 

BTOGSt demonstrated a similar protective effect against B(a)P-induced 

carcinogenesis (dysplastic, hyperplastic & emphysema, papillary progression, 

mononuclear cell infiltration, early stage of carcinoma). Thus, from the perspective 

of their antioxidant potential or interactions & anticancer potential, this work offers 

a scientific foundation for creating and designing beverages containing BT 

mixtures, which may improve BT’s ability to reduce oxidative stress-related 

disease. 
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                                                   ABREVIATIONS                                 APPENDIX 1                                   

1. ICMR Indian Council of Medical Research Survey 

2. GATS Global Adult Tobacco Survey 

3. PAH Polycyclic Aromatic Hydrocarbons 

4. WHO World Health Organization 

5. IARC International Agency for Research on Cancer 

6. BMI Body Mass Index 

7. WCRF World Cancer Research Fund 

8. EMRO East Mediterranean Region 

9. WPRO Western Pacific Region 

10. PAHO Americas region 

11. AFRO Africa region 

12. EURO Europe region 

13. SEARO South-East Asia region 

14. NCRP National Cancer Registry Programme 

15. PBCR Population-Based Cancer Registry 

16. DALYAMI Disability Adjusted Life YearsAdjusted Mortality to Incidence ratio 

17. YLLsAMI Years of Life LostAdjusted Mortality to Incidence ratio 

18. YLDsAMI Years Lived with DisabilityAdjusted Mortality to Incidence ratio 

19. NSCLC Non-small cell lung cancer 

20. SCLC Small-cell lung cancer 

21. ALK Anaplastic Lymphoma Kinase 

22. EGFR Epidermal Growth Factor Receptor 

23. MET Mesenchymal-Epithelial Transition 

24. FGFR Fibroblast Growth Factor 

25. PIK3CA Phosphotidylinositol-4,5 biphosphate 3 Kinase Catalytic subunit 

Alpha 

26. BRAF Proto - Oncogene B - Raf and v – Raf murine sarcoma viral 

oncogene homolog B 

27. ROS 1 ROS proto-oncogene 1, receptor tyrosine kinase 

28. RET Rearranged during transfection- Proto Oncogene 
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Caption for graphical abstract: Stevia supplementation as an additive in Black Tea with O. gratissimum (ternary) 

mixture for making a refreshing beverage is used to cure illnesses caused by oxidative stress. 
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                                                                 1 Introduction  

A complex combination of environmental and genetic factors that coordinate 

carcinogenesis is the biological disease of cancer (Go et al., 2015; Motofei, 2022). 

One of the main reasons for death worldwide. In India, 26.7-29.8 million cases will 

increase from 2021 to 2025 (Kulothungan et al., 2022). The northeastern region of 

India had the highest cancer burden compared to the country’s southern and central 

parts (Kulothungan et al., 2022). Men had a higher rate of it. According to the Indian 

Council for Medical Research's 2016 report on the "Burden of cancers in India," seven 

malignancies accounted for more than 40% of the total disease burden. Cancers of the 

lungs, breast, esophagus, mouth, stomach, liver, and cervix are among the top 10 

cancers (Kulothungan et al., 2022) as shown in Fig.1. 

 

    Fig.1: Pie chart showing ICMR report of different types of cancers along with their incidence 

percentage; 2016 (India) 

           According to estimates, there will be an increase in male cancer cases in India 

from 706,740 in 2015 to 942,363 in 2025. Similarly, female patients will increase 

from 666,144 in 2015 to 853,612 in 2025. The prostate, lung, tongue, and mouth will 

be the male contributors with the most impact by 2025, while the gallbladder and 

breast will be the female contributers with the biggest effect on society (Prasad and 

Dhar, 2018). 

According to reports, there will be 2.2 million new lung cancer cases 

worldwide in 2020, and 1.8 million people will die. In 2020, smoking contributed to 
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11.4% of new instances of cancer and 18% of cancer-related deaths (Nath et al., 

2022). India is the world's second-largest tobacco consumer and third-biggest 

producer. In India, there are 267 million smokers of cigarettes or around 28.6% of the 

population (42.4% of men and 14.2% of women) [Global Adult Tobacco Survey – 2 

[GATS] – 2 2016-2017: India fact sheet; http://gatsatlas.org]. Cigarette smoke has a 

considerable detrimental impact on health, particularly cancer in India. If current 

smoking trend and population growth continues, the number of current smokers 

worldwide will reach 2 billion by 2030 (Asthana et al., 2016). Cessation of cigarette 

smoking, which is recognized to be the primary factor causing lung cancer, is the most 

excellent strategy to prevent lung cancer (Burzic et al., 2022). About 7500 chemical 

substances, including polycyclic hydrocarbons (PAHs) and nitrosamines, which are 

either free in the gas phase or coupled with aerosol particles are present in cigarette 

smoke and are responsible for most of the toxicity caused by smoking (Hecht and 

Hatsukami, 2022; Zhan et al., 2023). When smoke is inhaled, chemicals like carbon 

monoxide, tar, aromatic amines, ethylene oxide, benzene, butadiene, volatile 

hydrocarbons and metals, arsenic, cannabis, and tobacco-specific nitrosamines are 

deposited in the airways (alveoli) and air sacs, which cause the lungs to become 

congested. Immediately following this, tissues change and break the thin layer of 

alveoli (Smith et al., 1997; Smith et al., 2000; Hecht, 2003 Hecht, 2003; Talhout et al., 

2011; Li and Hecht, 2022) as illustrated in Fig. 2. 

 

      Fig. 2: Diagrammatic representation of different steps showing impact of smoking on lungs 

(created in www.Biorender.com) 

http://gatsatlas.org/
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Incomplete combustion of organic matter occurs during human and industrial 

activities such natural gas, engines, refuse vehicle traffic, home heating (cooking), 

natural processes like carbonization, and tobacco smoking. This results in the 

formation of PAHs, a class of chemicals and one of the most common environmental 

contaminants (Singh et al., 2022; Zhu et al., 2022). Several hundred PAHs are known 

to act as mutagenic and carcinogenic to humans. B(a)P was detected as the first 

carcinogen in cigarette smoke as well as one of the most well-studied potent PAHs 

that contains many heterocyclic compounds which can be generated by incomplete 

combustion or ubiquitous in our environment and is used as a toxicological surrogate 

or prototype for all carcinogenic PAHs (Das and Ravi, 2022; Singh et al., 2022). 

Many techniques or therapies for cancer prevention, like radiation therapy, 

chemotherapy, surgery, etc., are used (Altun and Sonkaya, 2018; Abadi et al., 2022). 

They may harm patient's quality of life and therapy development. Tiredness, 

decreased appetite, vomiting and diarrhea, hair loss, dry mouth, constipation, and 

change in taste are the most common side effects of chemotherapy’s most common 

side effects (Milliron et al., 2022; Gutte and Deshmukh, 2023). 

Using botanicals, dietary phytochemicals, and other agents of natural origin 

having natural having potential to reverse, delay, inhibit, or reduce carcinogenesis, is a 

cancer prevention technique that is gaining impetus (Chen et al., 2018) as depicted in 

Fig. 3. Recent research suggested that a combination of phytochemicals or plant 

extracts may be more efficient in reducing the risk of acquiring cancer than a single 

phytochemical or plant extract. The quest for a viable cancer-preventative agent 

remains ongoing (Kapinova et al., 2007; Wang et al., 2015; Stockert and Hill, 2018). 

Tea consumption has various health advantages, including cancer prevention, 

weight loss, and heart or liver disease control (Bagherniya et al., 2018; Bag et al., 

2022). Tea drinking has become a phenomenal global culture in recent years, which is 

primarily contributed to its natural capabilities compared to traditional tea 

consumption, which is determined mainly by its flavor and sympathomimetic effect 

(nasal decongestants) (Chen and Lin, 2015; Bag et al., 2022). After water, tea is the 

second most popular drink, made from Camellia sinensis and extensively consumed as 

a beverage, which is far better than other types of drinks (Sinija and Mishra, 2008; 

Samanta, 2022; Wang et al., 2022; Sun et al., 2022). It is manufactured from Camellia 

sinensis leaves, which also yielding white, green, and oolong teas. The significant 
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difference in these tea types is based on processing (oxidation/fermentation) 

(Konarikova et al., 2015; Chen et al., 2022; Wong et al., 2022). Black tea is one of the 

highly oxidized form of tea in which the phenolic compounds are converted into 

thearubigins and theaflavins, responsible for antimutagenic, antipyretic, 

anticarcinogenic, and antioxidant activities towards peroxy radical damage (Botting et 

al., 1999; Khan and Mukhtar, 2013; Chen et al., 2022; Wong et al., 2022). 

Black tea’s chemopreventive properties and its gradients, especially 

theaflavins, are responsible for the inhibition of tumor development that is due to 

various mechanism like modulation of carcinogen-induction of apoptosis, suppression 

of transcription factors, metabolizing enzymes (Katiyar and Mukhtar, 1996; Kohlmier 

et al., 1997; Khan and Mukhtar, 2015; Phan et al., 2022). 

 

          Fig. 3: Represents the dietary/natural agent’s role in cancer chemoprevention (created in 

www.Biorender.com)  

   Black tea is known to shows antioxidant and anticancer properties in the 

laboratory, but clinical research has produced contradictory findings on black tea 

(Korir et al., 2014; Zhang et al., 2015; Carloni et al., 2016). Some studies have proved 

that it has a minor impact on cancer (Gardner et al., 2007; Ganmaa et al., 2008; Tang 

et al., 2009; Nie et al., 2014). At the same time, some epidemiological studies have 
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revealed that black tea may act as cancer preventative (Baker et al., 2007; Bai et al., 

2014; Cassidy et al., 2014; Wang et al., 2014). 

 In India (Ocimum spp.) is generally added to black tea for flavor and 

medicinal properties. It is one of the common herbs in the family Lamiaceae. Since 

ancient times, multiple countries have used this plant as a traditional herb because of 

its potent perfume and flavor. There are different species of tulsi; routinely used ones 

are Ocimum sanctum Linn, Ocimum canum Sims, and Ocimum gratissimum L. 

commonly known as Shyama or Krishna or purple leaf tulsi, Dulaltulsi, and Rama or 

green leaf tulsi, respectively (Tewari et al., 2012). Numerous medical, biological, and 

pharmacological characteristics, including antifungal, antiviral, antibacterial, 

antimalarial, antiallergic, antihypertensive, anticancer, and antioxidant activities, were 

present in different plants parts of tulsi (Kulkarni and Adavirao, 2018). Several 

phytoconstituents, including the sesquiterpene hydrocarbons caryophyllene, carvacrol, 

eugenol, and methyl eugenol, are present in tulsi essential oil (Pandey et al., 2016). 

The leaves and stem of tulsi contain phenolic compounds such as cirsilineol, 

circimaritin, apigenin, cirsilineol, eugenol, rosameric acid, ursolic acid, luteolin-7-O 

glucuromide, apigenin-7-O-glucuronide, molludistin, orientin, sesquiterpenes, 

monoterpenes viz. β-sitosterol, cholesterol, camphene, campesterol, stigmasterol, 

nerol, bornyl acetate, β-elemene, vicenin and orientin (flavonoids) (Bhattacharyya et 

al., 2013). 

  Several studies showed that when different plant extracts are mixed, they can 

act synergistic, additive, or in antagonistic manner. Synergism means “enhancement” 

when two plant extracts/phytochemicals/drugs are combined, and it gives more effect 

than a single plant species. Antagonism implies the impact of both herbs is less than 

the sum of the effect of two plant herbs whereas, Additivity means when two herbs' 

effect is equal to the sum of the effect of two herbs taken separately (Chou, 2010; 

Malongane et al., 2017). Black tea and resveratrol, as well as black tea and curcumin, 

were found to interact synergistically (George et al., 2011; Eldeen et al., 2015). 

Although tulsi is commonly used as an additive in black tea, the interaction of black 

tea with different Ocimum species is still unmapped. 

The rise of obesity cases and the diabetes epidemic led to the development and 

commercialization of tea-based beverages supplemented with low-calorie aspartame 

(artificial sweetner) obtained from leaves of Stevia, sorbitol and sucrolose. Stevia 
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rebaudiana, also called “Sweet Leaf” and belongs to the family Asteraceae. It 

contains steviol glycosides, which are present in leaves and have a sweet flavor 

(Brahmachari et al., 2011). Among these, interest is generated for Stevia whole leaf 

extract as it not only acts as a sweetener but also contains phytochemicals that have 

antioxidant and anticancer properties that may further enhance the health-promoting 

properties of black tea (Jayaraman et al., 2008; & Shukla et al., 2009). In this 

background this study is undertaken to formulate and evaluate the combination of 

black tea with three different Ocimum spp. (Ocimum gratissimum, Ocimum sanctum 

and Ocimum canum) for antioxidant potential, the binary combination exhibiting 

maximum radical scavenging will be supplemented with S.  rebaudiana. Furthermore, 

the effect of black tea, Ocimum spp., and S. rebaudiana as single infusion and 

combination are scrutinized for antigenotoxic and lung cancer preventing potential. 
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2 Review of Literature     

 2.1 Cancer 

"Cancer" refers to any illness that can affecting any part of the body. The term 

"metastasis" describes the quick development of cancerous cells that spread outside 

their usual bounds, can infect surrounding biological structures, and spread to other 

organs (Liu et al., 2022). Cancer development proceeds through various stages. 

Biological, chemical and physical stimuli interact with a person's genetic components 

to produce these modifications (Smolarz et al., 2022; Bergerot et al., 2022) as shown 

in Fig. 4. 

 

 Fig. 4: Represents the various types of external agents causing cancer (created in 

www.Biorender.com) 

 WHO and IARC (International Agency for Research on Cancer) maintains a 

classification of cancer-causing substances (Fig. 4). Age-related increase in cancer 

incidence are most likely caused by an accumulation of factors responsible for 

particular tumors that shows increase with the advancement of age. In addition to the 

high overall risk, aging may decrease cellular repair processes effectiveness (Carroll et 

al., 2022). 

Normal body cells have a predictable cycle of growth, division, and death. 

Until adulthood, a person's normal cells divide more quickly in the early years of life. 

Following that, most body cells only divide to replace damaged or dying cells and 

heal injuries (Granger et al., 2002; Giovannucci, 2022). 
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  Cancer cells arise mainly due to DNA damage over time. Every cell has 

genetic material within the nuclear membrane, which controls every action the cell 

takes (Reinhardt et al., 2007; Palii et al., 2008; Farhan et al., 2022). Cancer cells do 

not repair damaged DNA (Quellette et al., 2022; Groelly et al., 2023). Inherited 

malignancies exist because people can inherit DNA that has been damaged (Groelly et 

al., 2023). However, environmental factors such as tobacco smoke, chemicals, 

viruses, or excessive sunlight can all damage/mutate a person's DNA. 

  Cancer's stage represents the size of the tumor and how far it has expanded 

from its origin. The grade describes how cancerous cells appear, as shown in Fig. 5. 

Invasion: (Genetically altered cell) 

A tumor develops when a healthy population of cells (beige) has a genetic 

alteration that increases their propensity to divide when resting usually (Liu et al., 

2022). 

Hyperplasia: (Localized stage) 

 Whenever a tissue or organ has more cells than is typical due to uncontrolled 

cellular proliferation caused by these additional cells’ rapid division, the risk of 

cancers rises without physiological cues (Yan et al., 2022) 

Dysplasia: (Regional speed/pre-cancer) 

In addition to proliferating excessively, the offspring of this cell appears 

abnormal within a tissue or organ. It is not cancer, but it may sometimes become 

cancer when a rare mutation that alters cell behavior occurs. It can be moderate, mild, 

or severe, depending on how much of the tissue or organ is affected (Anastasiou et al., 

2022). 
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  Fig. 5: Diagram showing different stages of cancer (created in www.Biorender.com) 

Invasive/in situ cancer: (Malignant) 

  If genetic changes of tumor cells begin to invade beyond the tissue and cells 

into blood or lymph where cancer first developed and establish new tumors 

(metastases) throughout the body. This is referred to as invasive or malignant cancer 

(Ola, 2022). 

Most common cancers in the world 

  The Globe Health Organisation has identified the four most prevalent illnesses 

globally:  breast, lung, colon, rectal and prostate cancer. About one-third of cancer 

fatalities are brought on by tobacco smoking, having a high BMI and drinking alcohol 

(Bray et al., 2018) as shown in Fig. 6. 

 

 

 

 

http://www.biorender.com/
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Number of new cases of cancer rises                                Number of cancer cases of deaths  

     (both sexes, all ages), 2020                                              (both sexes, all ages), 2020) 

                                                                             

                                                            (GLOBOCON, 2021) 

Fig. 6: Pie chart shows increases in the number of cancer cases and fatalities in both males and 

females  

According to one of the studies, most cancer cases were predicted to occur in 

the breast and lungs, followed by the colorectum, prostate, stomach, liver, cervix uteri, 

esophagus and other malignancies as illustrated in Fig’s. 7(a), (b) & Table 1. 

However, the most common mortality death by a single type of cancer are lung 

cancer, as compared to the breast, colorectum, prostate, stomach, liver, esophagus, 

pancreas, and other cancers in both males and females of all ages, respectively, for 

2020. The total cancer incidence cases (19292789) and mortality rate (9958133) were 

reported worldwide (Sung et al., 2021). GLOBOCAN 2021 stated the number of 

incidences, mortality and 5-year prevalence of both sexes in Europe, Asia, Caribbean 

and Africa, North America and Latin America.  

 It demonstrated that Asia (the largest continent) contained a higher number of 

cancer incidences (49.3%), the death rate (58.3%), and 5 years of prevalence (40.8%) 

followed by Europe (22.8%, 19.6%, and 26.7%), North America (13.3%, 7%, and 

18.7%), Latin America and Caribbean (7.6%, 7.2%, and 7.6%), and Africa (5.7%, 

7.1%, and 4.3%), respectively as depicted in Fig. 9 and Table 2. 
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lung

colorectum

prostate
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Table 1: The estimated age – Standardized Incidence and Mortality Rates 

(World) in 2020, both sexes, All Ages (males and females) (Excl. NMSC – non-

melanoma skin cancer) as per ASR 10,000. 

Source: GLOBOCAN, 2021 

Incidence: the number of new cases that occur in a given time and geographical area, expressed as either the total number of cases 

per year or the average per 100,000 people per year. 

Mortality is the number of deaths that occur in a given region and period, while the death rate is the number of deaths per 100,000 

people per year. 

    Prevalence = number of cases/ population size    

 

 

 

 

 

 

 

 

Type of 

cancer 
Incidence 

rate (%) 
Number of cases 

(Incidence rate 

%) 

Mortality 

rate (%) 
Number of 

cases 

(Mortality rate 

%) 

Breast 11.7 2261419 6.9 684996 

Lung 11.4 2206771 18 1796144 

Colorectum 10 1931590 9.4 935173 

Prostate 7.3 1414259 3.8 375304 

Stomach 5.6 1089103 7.7 768793 

Liver 4.7 905677 8.3 830180 

Cervix 

uteri 
3.1 604127 - - 

Esophagus 3.1 604100 5.5 544076 

Pancreas - - 4.7 466003 

Other 

cancers 
42.9 8275743 35.7 3557476 
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      Fig. 7: (a) Cancer incidence and mortality statistics worldwide and by region (WHO, 2023) 

                            

 

Fig. 7: (b) The World's Standardised Incidence and Mortality Rates for 2020, Including All Age 

Groups and Both Sexes (Excl. NMSC - non-melanoma skin cancer) (WHO, 2023) 



15 
 

 

 Table 2: Estimated number of cancer occurrences and mortality in both sexes in 

the world (2020). 

 Source: GLOBOCAN, 2021 

 Incidence: the number of new cases that occur in a given time and geographical area, expressed as either the total number of 

cases per year or the average per 100,000 people per year. 

Mortality is the number of deaths that occur in a given region and period, while the death rate is the number of deaths per 100,000 

people per year. 

    Prevalence = number of cases/ population size   

 

 

 

Countries Incidence 

rate (%) 
Number of 

cases 

(Incidence rate 

%) 

Mortality 

rate (%) 
Number of 

cases 

(Mortality 

rate %) 

Eastern 

Africa 

13.56 331233 9.91 222189 

Northern 

Africa 
14.61 307507 9.21 191081 

Western 

Africa 
11.69 247611 8.44 164930 

South 

America 
20.24 1095348 9.45 521389 

North 

America 
33.95 2556862 9.22 699274 

Eastern Asia 21.91 6008355 13.10 3617104 

South-

Eastern Asia 
15.62 1100037 10.00 689093 

South-

Central Asia 
10.93 1951843 7.41 1258683 

Central 

&Eastern 

Europe 

25.50 1314193 13.36 695828 

Western 

Europe 
31.24 1424394 10.85 559671 

Australia & 

New Zealand 

40.43 235955 8.55 58744 

Total World 20.44 19292789 10.65 9958133 
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New cases of cancer rise in sexes, 2020               New cases of cancer rise (all males), 2020 

                                       New cases of cancer rise (all females), 2020           

Fig. 8: Cancer fatality rates and new cases are expected to increase in 2020 (GLOBOCAN, 2021) 

   

          In the case of India, the highest ratio of cancer was identified in the breast 

(females) and lip/ oral cavity (males) in both sexes as compared to other cancers. At 

the same time, the incidence and mortality rate were higher in the breast (females) 

than cervix uteri, ovary, and colorectum and lip/oral cavity. Whereas in males, 

maximum new cases of cancer were observed in the lung, lip/oral cavity followed by 

colorectum, stomach, and esophagus, respectively in 2020, as illustrated in Fig. 8 and 

Table 3(a), (b) and (c). However, the total cancer incidence cases (1324413) and 

mortality rate (851678) were reported in Indian regions like Ahmedabad, Aurangabad, 

Banglore, Barshi, Bhopal, Cachar, Chennai, Delhi, Dibrugarh, Dindigul, Kamrup, 

Kollam, Karwar, Imphal/Manipur, Mansa, Meghalaya, Mizoram, Mumbai, Nagpur, 

Nagaland, Poona, Ratnagiri, Sangrur, Sikkim, Trivandrum, Tripura, etc. as shown in 

Fig. 9. It explained that the incidence and mortality cases of the 5-year prevalence of 

both sexes in India region are (197.1%) 2720251 (Globocan, 2021). 
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Table 3: (a) The estimated age – Standardized Incidence and Mortality Rates 

(India) in 2020, both sexes, All Ages (males and females) (Excl. NMSC) as per 

ASR 100,000. 

Source: GLOBOCAN, 2021 

Incidence: the number of new cases that occur in a given time and geographical area, expressed as either the total number of cases 

per year or the average per 100,000 people per year. 

Mortality is the number of deaths that occur in a given region and period, while the death rate is the number of deaths per 100,000 

people per year. 

Prevalence = number of cases/ population size 

 

 

 

 

 

 

 

Type of 

cancer 
Incidence 

rate (%) 
Number of 

cases 

(Incidence rate 

%) 

Mortality 

rate (%) 
Number of 

cases 

(Mortality rate 

%) 

Stomach 6.3 40686 6.3 53253 

Lung 8 51675 7.8 66279 

Colorectum 6.3 40408 4.2 35385 

Lip, oral 

cavity 
16.2 104661 8.8 75290 

Esophagus 6.2 40183 6.9 58342 

Other 

cancers 
57 368417 - - 
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Table 3: (b) The estimated age – Standardized Incidence (India) in 2020, (males) 

(Excl. NMSC) as per ASR 100,000. 

Source: GLOBOCAN, 2021 

Incidence: the number of new cases that occur in a given time and geographical area, expressed as either the total number of cases 

per year or the average per 100,000 people per year. 

Mortality is the number of deaths that occur in a given region and period, while the death rate is the number of deaths per 100,000 

people per year. 

 

 

 

 

 

 

 

 

Type of cancer Incidence 

rate (%) 
Number of 

cases 

(Incidence 

rate %) 

Mortality rate 

(%) 
Number 

of cases 

(Mortality 

rate %) 

Breast 13.5 178361 10.6 90408 

Lung 5.5 72510 7.8 66279 

Colorectum 4.9 65358 4.2 35385 

Lip, oral cavity 10.3 135929 16.2 104661 

Cervix uteri 9.4 123907 9.1 77348 

Other cancers - 1 324 413 - 851 678 
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Table 3: (c) The estimated age – Standardized Incidence (India) in 2020, 

(females) (Excl. NMSC) as per ASR 100,000. 

 
Source: GLOBOCAN, 2021 

Incidence: the number of new cases that occur in a given time and geographical area, expressed as either the total number of cases 

per year or the average per 100,000 people per year. 

Mortality is the number of deaths that occur in a given region and period, while the death rate is the number of deaths per 100,000 

people per year. 

 

                                                            

 

                         Fig. 9: Spread of cancer across states of India (WHO, 2023)                                 

Type of 

cancer 
Incidence rate 

(%) 
Number of cases 

(Incidence rate 

%) 

Mortality 

rate (%) 
Number 

of cases 

(Mortality 

rate %) 

Breast 26.3 178361 10.6 90408 

Cervix 

uteri 
18.3 123907 9.1 77348 

Ovary 6.7 45701 3.8 32077 

Lip, oral 

cavity 
4.6 31268 8.8 75290 

Colorectum 3.7 24950 6.9 58342 

Other 

cancers 
40.4 274196 - - 
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 2.2 Lung Cancer 

A growing problem related to health of humans in the world is cancer. Lung, 

breast, and colorectal are main types; diagnosed most frequently worldwide (WCRF, 

2019). Most common cause of death in the world right now is lung cancer, which is 

prevelantly found in  men (Ferlay et al., 2015). Lung, breast, colorectal, prostate, and 

skin cancer (non-melanoma) were the top five most frequent malignancies worldwide, 

according to stats released by global cancer in 2018 (Bray et al., 2018). Lung, 

colorectal, stomach, liver, and breast were the five main cancer-related causes of 

death. As a result, lung cancer remains most prevalent cancer and the main reason for 

cancer deaths worldwide (Adjei, 2019). In 2012, lung cancer claimed the deaths of 

over 1.6 million individuals. Various ecological and clinical investigations have 

demonstrated a link between cigarette use and the development of lung cancer. This 

"rarest form of disease" has, during the past century, been the primary reason for death 

via cancer in (Eastern Asia, Australia, Northern Europe, North America, and New 

Zealand) (Bray et al., 2018). 

Lung cancer prevalence has risen over the last half-century. The usage of 

cigarettes was soon connected to the disease (Wynder and Graham, 1950; Didkowska 

et al., 2016). The theoretical justification and statistical literature both suggest that 

lower cigarette smoking prevalence can have real benefits. However, tobacco 

consumption, is on the rise globally, especially in developing nations like China and 

India (WHO, Global Adult Tobacco Survey China, 2016; Global Adult Tobacco 

Survey India, 2016). In India, lung cancer stands in fourth position in terms of several 

deaths it caused in 2018 (Bray et al., 2018). The tobacco crisis continues to propagate 

across the rest of the planet, which is causing a swift enhancement in lung cancer 

cases and related fatalities. By 2035, 3 million lung cancer fatalities are anticipated 

worldwide.  From 1.1-2.1 million cases in 2012 to 2035, the figures for women and 

men will each double, with the gender disparity continuing at 0.5 million in 2012 and 

0.9 million in 2035 (WHO, 2016) in Fig. 10. Mortality due to lung cancer is showing 

increment nationally as well as worldwide due to increasing tobacco consumption 

especially in developing nations (Doll and Hill, 1950; Lopez et al., 1994). Several 

ecological and medical researches have demonstrated a link between cigarette use and 

the development of lung cancer (Wynder and Graham, 1950; Wakefield et al., 2014; 

Claire et al., 2020). 

http://www.wcrf.org/
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  The East Mediterranean region (EMRO) and the African area are predicted to 

experience the fastest growth. The estimated global mortality rate from lung cancer, 

broken down by area  from 2004- 2035 is the Western Pacific region (WPRO) – 

1,475,602 (50%), Americas region (PAHO) – 501,860 (17%), East – Mediterranean 

region (EMRO) – 64,477 (2%), Africa region (AFRO) – 33,534 (2%), Europe region 

(EURO) – 530,257 (18%) and South-East Asia region (SEARO) – 284,518 (10%), 

respectively as depicted in Fig. 10(a). 
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Fig. 10: (a) The fastest growth of mortality rate from lung cancer in male & female from 2004 – 

2035 in East Mediteeanean region (EMRO), South – East Asia region (SEARO), Europe region 

(EURO), Western Pacific region (WPRO), Americas region (PAHO), & Africa region (AFRO) 

(WHO, 2016) 

  Lung cancer mortality rates range from 16–17% (45–64 age group) in the East 

Mediterranean region (EMRO), South-East Asia region (SEARO), and Africa region 

(AFRO), and are rising by 6 to 10 percent (pp) in the other locations. Similarly, 

middle-aged individuals recorded the highest rate of deaths in EMRO, AFRO, & 

SEARO (approximately 30%, 54-64 years) as seen in Fig. 10(b). In comparison, the 

lower percentage (10 pp) was noted in the Americas and Europe regions.  

As a result, 30% of lung cancer deaths in all regions occurred in people 65 to 

74 years old. In WPRO, EURO, and PAHO countries, lung cancer deaths after the age 

of 75 account for more than one-third of all fatalities, whereas they are no higher than 

20% in the other regions (Bilano et al., 2015; Globocan, 2016). Population aging in 

more industrialized countries is mainly blamed for the rising absolute number of lung 
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cancer deaths, whereas the tobacco epidemic is to blame in less developed countries 

(Bray et al., 2012). 

The National Centre for Disease Informatics and Research (NCRP) provided 

estimates of India's cancer burden in the ICMR 2004 report. Report of National 

Cancer Registry Programme) PBCR (Population-Based Cancer Registry) data (NCRP-

PBCR) and the WHO-DisMod-II tool yielded 5.9 million DALYs (ICMR Report, 

2020). Cancer is expected to cost India 26.7 million DALYsAMI (Disability Adjusted 

Life Years) Adjusted Mortality to Incidence ratio in 2021 and 29.8 million DALYsAMI in 2025.                                                          

 

Fig. 10: (b) Graphical representation of mortality rate in percentage due to lung cancer from 

different regions of world 

Males bore a more significant burden than females. Males contributed 14.7 

million YLLsAMI (Years of Life Lost), 0.72 million YLDsAMI (Years Lived with 

Disability and 15.5 DALYsAMI from cancer in 2025, while females contributed 13.6 

million YLLsAMI ,0.69 million YLDsAMI and 14.3 DALYsAMI (Kulothungan et al., 

2022).  

As per the report of ICMR, the ratio of lung cancer increased by 17.8 - 116% 

DALYs per 100,000 from 2004 – 2021 in India compared to other cancers (cervix, 

breast, oral cavity, ovary, leukemia, lymphoma, multiple myeloma, stomach, 

esophagus, colon & rectum) (ICMR Report, 2006) as shown in Fig. 11. 
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Fig. 11:  Graphical representation of India’s cancer burden due to different cancer types from 

2004-2021                                 

  Many factors influence lung cancer survival rates, including gender, race, age, 

general health, and treatment used (Tas et al., 2013; Pinto et al., 2018). Starts from 

lungs and spreads to other body parts, such as the brain, among others. Fig. 12 shows 

stages of metastasis. 

                      

   

               Fig. 12:  Diagrammatic demonstration of different stages of lung cancer    
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2.2.1 Various types of lung cancer   

The origin of the aberrant lung cells distinguishes a category of disorders 

known as lung cancer. This process is known as cell "histology." Histologically, lung 

cancer falls into Small cell lung cancer (15%), Non-small cell lung cancer (NSCLC) 

(15%), Large cell carcinoma (30%), and Adenocarcinoma (40%) are the three types of 

NSCLC (Li et al., 2022). The first two types are responsible for approximately 80% of 

all LCs worldwide (Hochhegger et al., 2022; Ekinci et al., 2022; Glasauer et al., 

2014). The three main subtypes of non-small cell lung cancer are squamous-cell 

carcinoma, adenocarcinoma, and large-cell carcinoma (Relli et al., 2019) as depicted 

in Fig. 13.  

 

Fig. 13: Diagrammatic demonstration of various types of lung cancer based on histological 

(created in www.Biorender.com) 

Non-small cell lung cancer (NSCLC) 

 It is the sort of lung cancer that is most common. NSCLC causes more than 

8 out of every 10 cases. NSCLC amounts for 80 to 85%. It is a diverse class of 

tumors, and the genetic abnormalities that give rise to it are almost exclusively 

brought on by exposure to carcinogens. Most patients in this case of lung malignant 

lung diseases were in advanced metastastic phases at the moment of treatment (Crino 

et al., 2010). It occurs when cancer cells multiply in the lungs and form tumors. For 
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every megabase of DNA, there are roughly ten mutations in a tumor in a smoker; there 

are ten times fewer mutations in tumors in non-smokers.  

               Intratumor and intratumor heterogeneity can emerge from cells acquiring 

independent (branch) mutations. Additionally, tumors produce growth factors and 

other environmental adapatations to elude the immune system. NSCLC differs from 

SCLC in both histopathology and clinical characteristics. Adenocarcinoma, carcinoma 

of large cells (large-cell carcinoma), and carcinoma of squamous cells (squamous-cell 

carcinoma) are the three subtypes of non-small cell lung cancer (Zappa and Mousa, 

2016; Torres et al., 2017). 

 Adenocarcinomas begin in glandular cells that normally secrete substances 

like mucus that protect against foreign particles entering the lung (Chen and Fillmore 

et al., 2014). The glands cells outside the lungs are the sites of the most prevalent type 

of lung cancer. In comparison this type of lung cancer, is more common in younger 

people, women, and nonsmokers (Islami et al., 2022). Some common genes are 

mutated that cause lung cancer (lung adenocarcinoma) in people with NSCLC such as 

FGFR1 (Fibroblast growth factor) = 9-20%, ALK (Anaplastic lymphoma kinase) = 3-

7%, MET (Mesenchymal – epithelial transition) = 2-4%, EGFR (Epidermal growth 

factor receptor) = 10-35% besides others. As a result, when the changes occur to our 

genes, it becomes cancerous and grows out of control (McKeage et al., 2018; Canale 

et al., 2022). Adenocarcinoma grows slowly and is usually diagnosed until it spreads, 

giving it a better prognosis than most lung cancers (Hiest and Engelman, 2012; 

Simon, 2016). 

 Squamous cell carcinomas are derived from squamous cells, flat cells that 

line the interior of the lung’s airways. They are present in the middle of the lungs, 

close to the main airway (bronchus), and are frequently linked to a smoking history 

(Hulbert et al., 2014). They may form cavities, hyperchromatic nuclei, and 

keratinization when they achieve a large size in the lung (Conde et al., 2013). Due to 

the continuous passage of fluids (lymph and blood) via the lungs, these tumors may 

manifest signs like bloody coughing before lungs-bordering tumors (adenocarcinoma) 

and, finally metastasis (Molina et al., 2008; Lewis et al., 2014). 

 Large cell carcinoma, also known as undifferentiated carcinoma, is a lung 

cancer that spreads quickly and can affect any section of the lung, making treatment 

more challenging (Travis, 2011). The tumor cells are larger than SCLCs. It 
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histologically demonstrates marked nuclear pleomorphic, a moderate amount of 

cytoplasm, a rosette-like structure, and the frequent presence of polygonal nuclei 

located in the peripheral region of the lung (Brambilla et al., 2004; Lewis et al., 2014; 

Zander and Farver, 2018). 

  About (10-15%) of lung cancers are small cell lung cancers (SCLC), 

commonly known as oat cell carcinoma. In comparison to NSCLC, this type of cancer 

is particularly severe (proliferates and spreads). It is distinguished by a high growth 

fraction, thin cytoplasm, rough chromatin, small, grayish & oval-shaped cells that 

look like under the microscope, greater propensity for early development of 

widespread metastases and rapid doubling time (Nicholson et al., 2002; Demedts et 

al., 2010; Kumar et al., 2017). Approximately 70% of SCLC patients will have 

advanced cancer when diagnosed (Carter et al., 2014; Saltos et al., 2020). About 95% 

of cases are caused by cigarette smoking, and of all histologic subtypes of lung cancer, 

SCLC has the most significant relationship with cigarette smoking (Sher et al., 2008; 

Tan et al., 2018). 

                The most common solid tumor that causes paraneoplastic syndromes is 

SCLC. Ectopic hormone production or immune-mediated tissue destruction causes 

paraneoplastic syndromes. Location/size in the primary tumor (SCLC) influences the 

signs and symptoms. Coughing, wheezing, and hemoptysis are examples of illnesses. 

Local intrathoracic tumor growth can affect the superior vena cava, chest wall, or 

esophagus, resulting in superior vena cava syndrome (Basumallik and Agarwal, 

2021). SCLC-related deaths are estimated to be 2.5 lakhs per year (Devarakonda et 

al., 2019).  

  Smoking is strongly linked to the cancer induction in lungs, particularly 

SCLC. The relative incidence of SCLC has decreased, reflecting reductions in 

smoking prevalence, changes in cigarettes, and lower occupational hazards. Males are 

more likely to develop SCLC (Kasiuchnicz et al., 2021). However, the incidence 

disparity between men and women has narrowed over the last three decades (Travis, 

2011). Smoking-related SCLC affects about 95% of patients, and the chances rise with 

daily cigarette consumption and duration of smoking. Smoking or other chemicals 

damage the lung epithelium, eventually leading to SCLC (Tan et al., 2018). 
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Treatment 

 

 Fig. 14: (a) Diagramatic representation of different lung cancer treatment (obtained from 

www.google.com) 

 Depending on the kind and severity of the disease, there are many 

treatments which include surgery, chemotherapy, radiation therapy, targeted therapy, 

or a combination of these treatments. Small-cell lung cancer is typically treated with 

Palliative care, radiation therapy, immunotherapy and chemotherapy (Fitzgerald et al., 

2020; Gesthalter and Symth, 2022; Aiad et al., 2022) as depicted in Fig. 14(a). 

                  Lung cancer can be detected, diagnosed and staged using various 

techniques. There are also treatments specific to each stage (Gomez et al., 2019).  

 Chemotherapy is frequently used to prevent tumor growth before surgically 

removing the tumor. As a result, chemo-radiation will be used to avoid the bed cover 

and kill the cancer cells, followed by surgery, which will be required if the cancer has 

spread to the lungs (Grassberger et al., 2016). Significant advancements have been in 

using nanotechnology to treat cancer (Siddique and Chow, 2022). Compared to 

traditional agents, nanostructured methods benefit from being more selective. Because 

of these developments, nanomedicine, a cutting-edge field of cancer treatment, has 

emerged. New therapeutic options for lung cancer have been made possible by a 

variety of formulations based on nanocarriers, including dendrimers, liposomes, 

nanoparticles, lipids, and polymers.  

 The use and development of nano-agents have ushered in an exciting and 

challenging research era for pharmaceutical science, notably for the delivery of 

innovative anti-cancer therapies (Terwoord et al., 2022; Gholami et al., 2022). 

Researchers use new imaging methods, such as Real-time Tumor Imaging four-
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dimensional computed tomography (4DCT), to enhance treatment, are being used by 

researchers to enhance treatment. This procedure uses a CT scanner to scan the chest 

constantly for roughly 30 seconds.  Instead of just capturing a moment, as a typical 

CT does, when a person breathes, it shows where the tumor is about other organs. 

Using this method, clinicians could determine whether a patient is a candidate for 

surgery by determining whether a tumor is adhering to or attempting to penetrate 

significant chest tissues (Wit et al., 2022). Many other techniques are used for lung 

cancer treatment like targeting therapy drugs (sorafenib, cabozantinib, sunitinib, and 

vandetanib), stereotactic radiotherapy, CCRT, Immunotherapy, Palliative care etc 

(Patil and Mahajan et al., 2022) as shown in Fig. 14(b). 

2.2.2 Lung cancer causes 

Tobacco Consumption 

 The use of tobacco is a global public health crisis and an epidemic. Around 

250 million women and 1 billion men smoke worldwide (Lando et al., 2010). Most 

industrialized nations see a decline in tobacco use, but global consumption is 

increasing overall, with around 5.5 trillion cigarettes smoked per year due to 

widespread use, financial growth and population increase (Hecht, 2003). Over the past 

50 years, lung cancer's histologic characteristics have transformed in developed 

nations. Most human cancers, particularly lung cancer, have been linked to 

environmental factors like passive smoking, air pollution, smoking, exposure to 

alcohol consumption and carcinogenic chemicals, etc. (Boffetta, 2006; Lichtenstein et 

al., 2000; Kanwal et al., 2017). 

        In USA as well as other parts of the world where tobacco use is daily, cigarette 

smoking is the primary cause of all four forms of cancer related to lung (Peto et al., 

2000; Khuder, 2001). The World Health Organisation predicts that by 2020, there 

would be more than 12 million annual fatalities from smoking and 15 million newly 

diagnosed instances of cancer due to the rising adoption of unhealthy lifestyles 

(WHO, 2020). Numerous compounds including nicotine and carcinogens are found in 

tobacco.  Every year, thousands of people die from cancer around world owing to 

deadly to mix of nicotine addiction and toxin exposure that tobacco products bring 

(Hecht and Hatsukami, 2022). Multiple carcinogens, including the tobacco-specific 

nitrosamine (N′-nitrosonornicotine) which is probably the source of the frequently 

seen oral cavity malignancies in South-East Asian countries, are exposed to users of 
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the wide variety of smokeless tobacco products (Hecht and Hatsukami, 2022; Henly et 

al., 2022).  

 

 

Fig. 14: (b) Illustration of various methods employed for the treatment of lung cancer prevention 

(created on www. Biorender.com) 

  The various carcinogens present in cigarette smoke create complicated 

alterations in essential cancer genes. Smoking continues to expose users to high levels 

of carcinogens like polycyclic aromatic hydrocarbons (PAHs), volatile chemical 

compounds, and nitrosamines unique to tobacco (Geneste et al., 1991; Li et al., 2022; 

Zhang et al., 2023). Cigarettes contain a high concentration of carcinogens, like 

inorganic compounds, hydrogen cyanide, metal/metalloids, aromatic amines, arsenic, 

aldehydes, nicotine, benzene, ammonia, lead chromium, radioactive elements 

(Polonium-210) (Hoffmann et al., 2001; Yu et al., 2014; Kim et al., 2020; Li et al., 

2022) as shown in Table 4. 

  2.2.3 Polycyclic aromatic hydrocarbons (PAHs) 

Organic substances with two or more fused ring structures are referred to as 

PAHs (polycyclic aromatic hydrocarbons). They are very lipophilic while having poor 

water solubility. Low vapour pressure causes the bulk of PAHs in the air to be 

deposited in particles. Polycyclic aromatic hydrocarbons are created when organic 

materials such as tobacco, coal, petrol, oil, wood, rubbish or other organic components 
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burn partially.  Exposure of PAHs to humans takes place through diet, tobacco use, 

pollution and occupational exposure.  

It has immunosuppressive, genotoxic, teratogenic, mutagenic and carcinogenic 

effects. Previous research has shown that PAHs can disrupt key neuronal development 

processes like apoptosis, myelination and synaptogenesis (Nicol et al., 2001; Ball and 

Truskewycz et al., 2013; Lin et al., 2018). Besides the various health problems (eye, 

skin effect, nausea, vomiting, etc) orally ingested PAHs can cause toxicity and affect 

the pharmacokinetic properties of most therapeutic agents (Antiarrhythmic, 

Antimalarial, Antipsychotic, Antischizophrenic, Tricyclic antidepressant, Anesthetic, 

Ropivacaine Analgesic and antipyretic); illustrated in Fig. 15. There are many 

hundreds of PAHs, most of which are complicated combinations rather than single 

molecules.     

         Table 4: Different chemicals of smokeless tobacco products with the 

presence of carcinogens. 

Smokeless Tobacco Products               Representative Carcinogens 

Tobacco-specific nitrosamines            N’-nitrosonornicotinne (NNN) 

        4-(methylnitrosamino)-1-(3-pyridyl)- 

             1-butanone (NNK) 

Volatile N-nitrosamines            N-nitrosodiethanolamine (NDELA) 

             N-nitrosodimethylamine (NDMA) 

             N-nitrosomorpholine (NMOR) 

              N-nitrosopiperidine (NPIP) 

             N-nitrosopyrrolidine (NPYR) 

Nitrosamino acids              N-nitrososareosine (NSAR) 

Polycyclic aromatic hydrocarbons 

(PAHs) 

             Benz[a]anthracene (BaA) 

              Benzo[a]pyrene (BaP) 

              Benzo[b]fluoranthene (BbF) 

              Benzo[j]fluoranthene (BjF) 

              Benzo[k]fluoranthene (BkF) 

             Dibenz[a,h]anthracene (DBahA) 

             Dibenzo[a,i]pyrene (DBaiP) 

             Indeno[1,2,3-cd]pyrene (IcdP) 

              5-methylchrysene (5MC) 

             Napthalene (NAP) 

Aldehydes              Acetaldehyde  

              Formaldehyde 
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Metals/Metalloids              Arsenic  

              Beryllium 

              Cadmium 

              Cobalt 

              Chromium VI 

               Lead/Inorganic lead compounds 

               Nickel compounds 

               Polonium-21 (radioactive element) 

Inorganic compounds               Nitrate (under conditions resulting 

                in endogenous nitrosation)        

Plant material                Areca nut 

               Betel quid (with or without 

tobacco) 

Fermentation-related compound                Ethyl carbamate (urethane) 

  

It is produced significantly during incomplete combustion processes such as 

fuel combustion and cigarette smoking. Various forms of cancer are caused by a wide 

variety of chemical carcinogens found in tobacco products. (Hoffmann et al., 2001; 

Pfeifer et al., 2002) as shown in Fig’s. 10(a) and (b).  

            The most significant carcinogens that have been proven in animal models and 

positively identified in cigarette smoke is polycyclic aromatic hydrocarbons 

(benzopyrene), tobacco-specific nitrosamines and aromatic amines like 4-

aminobiphenyl (Stepanov et al., 2010; Xue et al., 2014; Hayakawa, 2022).     

 

Fig. 15: Pictorial representation of polycyclic hydrocarbons (PAHs) and its effects (Prepared 

from www.Biorender.com) 
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B[a]P has been recognized as a marker of the carcinogenic potency of air 

pollutant mixtures, and it is frequently used as a positive control in biological assays 

for other PAH individuals in many studies. When estimating the potential exposure-

related health effects, B[a]P has been considered more relevant than other species 

(Hayakawa, 2022; Stojic et al., 2022). 

Benzo[a]pyrene(C20H12) is a chemical having a polycyclic aromatic 

(pentacyclic, five fused benzene rings) hydrocarbon that comes from incomplete 

combustion of organic matter subjected to insufficient burning at temperatures ranging 

from 300°C to 600°C (Lehr et al., 1977; Wislocki et al., 1978) as depicted in Fig. 

16(a). 

2.2.3.1 Benzopyrene [B(a)P] (Tobacco metabolite)   

                               

                                                     Fig. 16: (a) Structure of Benzopyrene  

 It is Pale-yellow in color, solid with an aromatic odor and a relative molecular 

mass of 252.31 (Chandrashekar, 2022). This compound is found in coal tar, car 

exhaust, grilled meats, oil, gas products, oil, many foods, especially charred & tobacco 

smoke (Hoffmann et al., 2001; Lee and Shim, 2007; Shi et al., 2017). B[a]P exposure 

is linked to a variety of toxic effects, including mutagenic, carcinogenic, lethal, 

developmental, oxidative, inflammatory, and neurological effects (Penning et al., 

1999; Zhao et al., 2021).  

When administered through additional routes, such as intraperitoneal, 

intrapulmonary, transplacental, intravenous, and subcutaneous, it can cause tumors in 

animals in vivo and in vitro investigations making it one of the most potent and human 

genotoxic carcinogens (IARC Group 1) (Liu et al., 2010; Poon et al., 2014).  

After some organic substance burns, benzo[a]pyrene is created, which is then 

consumed and breathed. B[a]P) is metabolically generated by activated cyt-P450, and 

then it is successively transformed to (7,8-diol-9,10-epoxide-benzo[a]pyrene) a 

K region 

Bay region 
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cancer-causing derivative. Its diol epoxide metabolites (BPDE) react with each other 

and bind to DNA, causing mutations and finally cancer (Gelboin, 1980). 

2.2.3.2 Benzopyrene [B(a)P] mode of action in lungs through tobacco smoke 

The most potent carcinogen present in cigarettes is B(a)P, a PAH (Kasala et 

al., 2015). It can directly bind to the agonist-acetylcholine receptor (AChR) in the 

cytosol, which activates it, and then move to the nucleus where it binds to DNA and 

induces transcription of numerous genes, such as CYP1A1, which is involved in 

metabolism and causes somatic mutations, DNA adduct formation, and induction of 

cytochrome P450 1A1 (Whitlock et al., 1999).  

AhR directly or indirectly leads to the formation of ROS and free radicals. 

Cytochrome P450 pathway in the cells (Burczynski and Penning 2000; Loughran et 

al., 2001). ROS levels are very important as its low level in utilised in redox signaling 

to initiate physiological processes, while high levels cause oxidative stress including 

DNA, lipids and protein damage (Toyokuni et al., 1995; Schieber et al., 2014).  

B(a)P can also bind directly to DNA and may cause defects in those genes 

involved in tumor suppression thereby causing many diseases like lung cancer, 

genomic instability, loss of normal cellular growth mechanism and chronic 

inflammation (Jahangir and Sultana, 2013; Basu, 2018) as illustrated in Fig. 16(b). 

 Its diol epoxide compounds, benzo[a]pyrenediol epoxide (BPDE), react and 

bind to DNA, causing mutations and cancer. The primary cancer-causing substances 

found in tobacco smoke are carcinogenic PAHs and tobacco-specific nitrosamines, 

which are produced in the 900°C combustion environment at a lit cigarette tip when a 

smoker puffs (Sasco et al., 2004; Vargas and Harris, 2016).  

After PAHs are bioactivated, mainly by the CYP mixed function oxidase 

system, their electrophilic byproducts covalently link to nucleophilic sites on 

macromolecules, like DNA bases, to create clumpy chemical oxidative DNA damage. 

  The pro-carcinogen B[a]P and its significant DNA adduct r7,t8,t9-trihydroxy-

c-10 (BPdG) are shown in Fig. 16(b) (Alexandrov et al., 2010; Johnson et al., 2021). 

Because DNA replication of damaged DNA results in mutations at the locations where 

DNA adducts are produced, the formation of PAH-DNA adducts may lead to TP53 

(G-T transversions).  
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Smokers lung tumors frequently contain mutation at-the-codon in TP53 (G-T 

transversions) (a hotspot for mutation induction), whereas non-smokers do not (Wood 

et al., 2018; Barnes et al., 2018; Davies et al., 2020). There is a strong correlation 

between lung carcinogenesis and cigarette-smoke-induced chronic inflammation of 

airways (alveoli).  

ROS levels in lung epithelial cells are altered and various signaling pathways 

associated with onset and progression, and overproduction of ROS in the presence of 

environmental toxins like tobacco smoke, invading growth factors, genetic instability 

and induced DNA damage as shown in Fig. 16(b). 

2.4 Chemoprevention 

Utilizing chemicals to prevent and postpone the development of a tumor (Surh 

et al., 2003; De flora and Ferguson, 2005; Ma et al., 2021). The best example of 

chemoprevention is lung carcinogenesis, detected most frequently in elderly people 

and has a sluggish growth and development rate as illustrated in Fig. 11 and Table 

5(a) and (b). 

Chemoprevention is a rising area of cancer research, emphasizing diverse 

interventions such as biological, pharmacological, and dietary therapies (Bonovas et 

al., 2008).  

            Depending on the stage at which they act, chemoprevention involves one of 

three different strategies: primary, secondary or tertiary (Swetha et al., 2022; Gezici, 

2022). Primary chemopreventives are designed to include interventions intended to 

prevent tumor formation in healthy individuals, such as genetic predisposition in a 

vulnerable population. Secondary chemoprevention is primarily used to treat 

premalignant tumors to stop tumorigenesis (e.g. lung metaplasia, colon polyps, 

cervical dysplasia etc).  

            Tertiary chemoprevention reduces the likelihood of tumor recurrence after a 

successful surgical and chemotherapeutic intervention. Despite significant advances in 

lung cancer therapy, such as chemotherapy, radiotherapy, targeted therapy and 

immunotherapy, the average survival rate in lung cancer is the lowest (Tang et al., 

2022; Lahiri et al., 2023). 
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These agents also also inhibited angiogenesis; scavenged free radicals, reduced 

proliferation, and enhanced PCD, slowed down cell invasion/progression, retard 

certain cell signal transduction pathways, and metastasis (Kuroda and Hara, 1999; 

Phan et al., 2008; Yang et al., 2009; Sharma et al., 2019). At least 40% of alternative 

treatments such as herbal medicine, were employed in the US to treat or prevent 

disease (Gordaliza, 2007; Ma et al., 2022).  

More than half of currently accessible pharmaceuticals are natural remedies or 

are linked to them and historically medicinal botanicals have served as an inspiration 

for the discovery of innovative pharmacological agents as part of complementary 

medicine in USA.  

 Majority of the licensed anticancer medicines, including podophyllotoxin and 

retinoids appear to be natural substances or natural product derivatives produced from 

herbal medicine, according to significant epidemiological evidence.  

Additionally, a variety of dietary and botanical natural products with the 

capacity to control physiological processes such as alkaloids, phenolics, carotenoids, 

flavonoids, organosulfur compounds and gingerols have been demonstrated to 

constrain carcinogenesis (Vallinas et al., 2013; Hosseini and Ghorbani, 2015; Sharma 

and Goyal, 2015).  

  Almost 11 million patients worldwide are provided with anticancer doses each 

year and 6.7 million of them pass away as a result. Globally lung, stomach and liver 

cancers have the greatest fatality rates of any malignancy whereas breast, lung and 

colorectal cancers are the most often diagnosed types.  

             A different and unique herbal way of treating cancer is the need of hour 

considering the drawbacks of modern cancer treatments such as the decline in patient 

quality of life, elevated mortality rate and disease severity as a result of therapy 

(Brustle and Heidecker, 2017; Deng et al., 2021).  
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Fig. 16: (b) Illustration of the Mechanism of Benzopyrene in Smoking (created in 

www.biorender.com) 
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Recently, the topic of cancer chemoprevention has gained attention in these 

regimens. Natural or artificial substances are used to reduce, stabilize and reverse 

precancerous lesions as depicted in the Fig. 17. Numerous dietary phytochemicals 

obtained from food, vegetables, fruits, and tea may show promising results in cancer 

prevention (Shukla and Pal, 2004; Probst et al., 2017; George et al., 2021; Paskeh et 

al., 2021). Natural products, in general have been the most significant source of drugs 

in science, and for cancer, it is not different. They contain very good amount of 

compound having application in the number of grounds like medicine, biochemistry 

and pharmacy (Karikas, 2010; George et al., 2021; Ma et al., 2022). These agents may 

be natural or made in a laboratory (synthetic) as shown in Table 5(a) and (b). A 

doctor uses chemoprevention to lower cancer developing risk (Surh, 2003; George et 

al., 2021; Ma et al., 2022) e.g:                               

 Table 5(a) Synthetic agents (drugs) and their effect on different types of cancer. 

Drug Name (Chemopreventive 

Agent) 

Type of Cancer 

Tamoxifen (Soltamox) reduced breast cancer 

Raloxifene Reduction in tumor incidence (Breast 

cancer) 

Aspirin Reduction of risk factor in different types 

of cancers  

Non-steroidal anti-inflammatory drugs Reduction of risk factor in different types 

of cancers  

          

        Certain foods or minerals, other nutrients, and vitamins, they contain may 

increase or diminish the cancer risk (Surh, 2003; George et al., 2021; Ma et al., 2022) 

in the Table 5(b) e.g                
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Table 5(b) Natural agents (phytochemicals) and their effect on different types of 

cancer. 

Plant-Based Foods (Chemopreventive 

Agent) 

Type of Cancer 

Carotenoids or carotene (yellow, orange, 

red, and some dark-green vegetables 

Lower the risk of head, neck, 

esophagus, stomach, lung, 

pancreatic, prostate, mouth & 

throat cancer 

Polyphenols (herbs, chocolate, tea, 

spices, nuts, apples, onion, berries, and 

other plants) 

Lower the risk of neck, 

esophagus, head & stomach 

cancer 

Allium (Chives, leeks, garlic, and onions) Lower the risk of neck, 

esophagus, head &stomach 

cancer 

                    Green tea extract Lower the risk of breast cancer 

 

The importance of dietary phytochemicals with chemopreventive properties is 

significantly increased. Several plant phytochemicals have anticancer activity against 

B(a)P-induced pulmonary cancer while targeting the cancer-related pathways (Garg et 

al., 2008; Rajendran et al., 2008) as shown in Fig. 17.  

The polyphenols in black tea affect multiple targets, which may explain why it 

has cancer-fighting properties. The table lists various dietary phytochemicals/whole 

extracts and beverages that act as chemopreventive agents against lung tumorigenesis 

as seen in Table 5(a) and (b). 
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Fig. 17: Pictorial representation of chemopreventive properties of dietary phytochemicals and 

their role 

  2.5 Tea and its manufacturing steps 

The most popular beverage on the planet, tea (Camellia sinensis, Family: 

Theaceae), is served in various ways (Wei et al., 2018; Abudureheman et al., 2022). 

Main types of tea include Assamese variety Camellia sinensis assamica and the 

Chinese variety C.s. sinensis (Labbe et al., 2006; Tounekti et al., 2013; Kumar et al., 

2018). It can reach a height of 30 feet in acidic soil at 2460 m and a temperature range 

of 13 to 29 degrees Celsius (Singh et al., 2017). Consuming without milk or sugar is 

energizing, quenching, relaxed, natural, and almost calorie-free. Tea trees first 

appeared 60–70 million years ago in southern China.  

 It became a refreshing drink for the first-time during China's ShenNong period (about 

2737 BC). The most consumed and least cost artificial non-alcoholic liquid 

refreshment worldwide, excluding plain water, is tisane. As a result, tea promotes 

global economic growth. The value of the worldwide tea market was predicted to be 

close in 2020 (USD 200 billion) and to surpass by 2025 (USD 318 billion) (Pan et al., 

2022).  
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Table 6: Animal models were used to study the effects of dietary 

phytochemicals/whole extracts/beverages or other herbs on B(a)P or 

another chemical-induced lung cancer. 

Dietary 

phytochemi

cal/whole 

extract 

Animal 

species/age/ 

duration of 

time 

Drug 

name 

Dose of 

phytochemical& 

drug/administration 

route 

The method 

of action 

Reference 

GT & BT 

infusion 

(aqueous) 

Species: 

Female A/J 

mice 

Age: 8 

weeks 

Time: 16 

weeks 

NDEA, 

NNK 

Dose: 10mg/kg- 

NDEA 

103mg/kg- NNK 

GT – 1.25% 

BT – 0.6% 

Route of 

administration: 

Orally 

 

Revealed 

inhibitory 

action against 

tumor 

multiplicity in 

mice lungs. 

Wang et al., 

1992 

BT 

phytoconstit

uentsTFs 

(aqueous) 

Species: 

Female A/J 

mice 

Age: 6 

weeks 

Time: 

NNK, 

BrDU 

Dose: 103mg/kg 

b.wt. 

TF – 0.3% 

Route of 

administration: 

Intraperitoneal 

Multiplication 

suppression in  

lung 

adenomas. 

Yang et al., 

1997 

GT & BT 

(aqueous) 

extracts 

Species: 

Female A/J 

mice 

Age: 6 

weeks 

Time: 60 

weeks 

Spontane

ous 

tumors 

Dose: 0.5% BT & 

1% GT in distilled 

water 

Route of 

administration: 

Orally 

BT showed 

inhibition in 

the formation 

of 

rhabdomyosar

comas and 

lung tumors. 

Landau et al., 

1998 

EGCG & 

caffeine 

(aqueous) – 

GT and BT 

Species: A/J 

mouse and 

(F344) rat 

Age: 6-8 

weeks old 

Time: 18 

weeks 

NNK Dose: 11.7mg/kg 

b.wt. 

BT & OG – 2% 

Caffeine – 680 ppm 

Route of 

administration: 

Chronic  

The active 

components of 

GT (EGCG), 

BT (TF) & 

caffeine 

expressed 

chemopreventi

ve potential 

Chung, 1999 
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against lung 

cancer. 

BT(aqueous) 

extract 

Species: 

Swiss 

Albino mice 

Age: 6-8 

weeks old 

Time: 28 

weeks 

        

DEN 

Dose: 20mg/kg b.wt. 

in 0.2 ml distilled 

water 

BT – 1,2 % 4%  

Route of 

administration: Oral 

intubation 

Reduction in 

DEN-induced 

tumor 

development 

Shukla et al., 

2002 

BTPs (TF)& 

EGCG 

Species: 

Newborn 

strain B 

mice 

Age: 24-48h 

old 

Time: 26 

weeks 

BrDU, 

B(a)P 

Dose: 

0.2mg/newborn 

mouse  

BT – 1.5% 

Route of 

administration: 1% 

aqueous gelatin 

solution was injected 

subcutaneously 

Expressed 

inhibition 

against B(a)P 

TF& EGCG 

can play a 

protective role 

against lung 

carcinogenesis

. 

Banerjee et 

al., 2006 

PBPs& 

DBTE 

Species: A/J 

- male mice 

Age: 6-8 

weeks old 

Time: 2 

weeks 

GTA,  

B(a)P 

Dose: B(a)P 

(3µM/0.1ml)/glyceryl

trioctanoate 

PBPs – 1% 

DBTE – 2.5% 

Route of 

administration: 

Intraperitoneal 

injection 

Significant 

depletion in 

liver and lung 

CYP1A1, 

CYP1A2 

enzyme 

protein levels 

that are caused 

by B(a)P. 

Krishan et al., 

2005 

BTP 

Polyphenon 

B 

Species: 

Male Wistar 

rats 

Age: 6-8 

weeks 

Time: 26 

weeks 

MNNG  Dose: 0.05% 

polyphenon-B + 

MNNG (150mg/kg 

b.wt.) 

Polyphenon B – 

0.05% 

Route of 

administration: 

Intragastric 

Showed 

chemopreventi

ve effects with 

normalization 

of cellular 

redox status, 

decreased 

angiogenesis, 

cell 

Murugan et 

al., 2007 
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intubation proliferation 

& induced 

apoptosis. 

Hesperidin Species: 

Swiss albino 

mice 

Age: 6-8 

weeks 

Time: 16 

weeks 

B(a)P Dose: B(a)P – 

50mg/kg b.wt. 

Hesperidin – 

25mg/kg b.wt. 

Route of 

administration: 

Orally 

Hesperidin 

revealed its 

antiproliferativ

e and 

chemopreventi

ve effect 

against lung 

cancer in 

mice. 

Kamaraj et 

al., 2009 

Fisetin Species: 

Swiss albino 

mice 

Age: 6-8 

weeks 

Time: 16 

weeks 

B(a)P Dose: B(a)P – 

50mg/kg b.wt. 

Fisetin – 25mg/kg 

b.wt. 

Route of 

administration: 

Orally 

Fisetin 

significantly 

reduced the 

histological 

lesions, 

benzopyrene 

effect and 

depicts as a 

chemopreventi

ve- lung 

cancer 

Ravichandran 

et al., 2011 

BTPs & Res Species: 

Male, Balb/c 

mice 

Age: 6-8 

weeks 

Time: 26 

weeks 

TPA, 

DMBA 

Dose: TPA-

5µg/animal 

DMBA- 52µg/animal 

BTPs – 0.1% 

Res – 25 µM/ animal 

Route of 

administration: 

dorsal skin-

interscapular region 

(i.p) 

Resveratrol&

BTP 

expressed 

synergistically 

reduction in 

the cumulative 

numbers of 

tumors in the 

lungs. 

George et al., 

2011 

BT&Curcum

in 

Species: 

Sprague 

Dawley rats 

Age: 7 

weeks 

Time: 90 

days 

AFB Dose: 750mg/kg 

b.wt. 

BT – 2% 

Curcumin – 

200mg/kg b.wt. 

Route of 

administration: 

BT&Curcumi

n in 

combination 

inhibit biliary 

proliferation 

and repair 

distorted 

Eldeen et al., 

2015 
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 GT = Green Tea, BT = Black Tea, NDEA = N-nitrosodiethylamine, NNK = 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone, TF 

= Theaflavins, BrDU = Bromodeoxyuridine, EGCG = Epgallocatechingallate, DEN = Diethylnitrosoamine, BTP = Black tea 

Polyphenols, PBP = Polymeric Black tea Polyphenols, DBTE = Decaffinated Black tea, MNNG = N-methyl-N’- nitro-N-

nitrosoguanidine, Res = Resveratrol, TPA = Tetradecanoylphorbol 13-acetate, DMBA = 7,12-dimethylbenz[a]anthracene, AFB = 

Alfatoxin B 
 

  Tea is now popular as liquor among over 3 billion people in 160 countries and 

regions. Today, there are hundreds of different types of tea, with many countries 

constantly developed tea plants and processing techniques (Saberi, 2010; Li et al., 

2022). Based on their production process, tea is traditionally classified into six 

categories: white, oolong, green, yellow and black tea (Saberi, 2010; Zhang et al., 

2019; Li et al., 2022). This classification relies on the number of polyphenols, 

physical attributes and organoleptic qualities as a result of chemical modifications 

produced to polyphenols during processing (Roshanak et al., 2016; Wong et al., 

2022). Lipids, carbohydrates, minerals, theobromine, theophylline, caffeine 

(alkaloids) and flavonoids, catechins (polyphenols) are known to present in tea as 

illustrated in Fig. 18 and Table 7. The quality, richness, taste, flavour, and health 

advantages of different teas are aided by these ingredients (Kumar et al., 2018; Wang 

et al., 2019; Chaudhari et al., 2020; Wong et al., 2022). Tea flavor developments have 

shifted towards time-saving, portability, real-time monitoring, and visualization to 

better understand how different processing methods affect the formation and changes 

of flavor compounds, particularly desired and off-flavor compounds present in (ultra) 

trace amounts in tea products (Zhai et al., 2022).  

       Catechins and theaflavins are main secondary metabolite present in tea. These 

two compounds possess good antioxidant properties. Subsequently, these compounds 

help to counter harmful radicals present in the body, which ultimately reduces 

oxidative stress related ailments like diabetes, cardiovascular problems, various 

malignancies, etc, as shown in Table 6. Besides, it also has various health promoting 

benefits such as weight management, better dental health, anticarcinogenic, 

arteriosclerotic and better bone health (Adnan et al., 2013; Tang et al., 2019; Prasanth 

et al., 2019; Pan et al., 2022).   

 

 

Intragastrically 

through a stomach 

tube 

hepatic 

lobules in the 

liver. 
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Fig. 18: Pictorial representation of different steps involved in manufacturing of Tea                                                      

(created in www.Biorender.com) 

  Interest in tea research has risen significantly recently because of its possible 

health advantages (Khan and Mukhtar, 2018). This classification is influenced by the 

distinctive characteristics of each tea (color, flavour etc.) and the modifications made 

to the materials during the tea processing. The different processes/methods of 

manufacturing give the various teas their characteristic colors and flavors, as 

illustrated Fig. 18 and Table 7.  

      Table 7: Tea and its cultivation &manufacturing process in different steps. 

Methods of Tea Processing Working Technique 

❖ THE PLANT If left unattended, the huge 

fields of tea plants can reach 

heights of 20 meters (65 feet), 

however, the bushes are 

typically clipped during hand-

picking to encourage bud 

growth (Smith, 2016; Karlson 

et al.,2022; Pan et al., 2022). 

❖ PLUCKING The bud that forms at the 

stem's end as well as any 

individual leaves are always 

plucked off the plant in groups 

of one, two, or three leaves 

(Takeo et al., 1992; Hazra et 

al., 2019; Lin et al., 2013 ). 

❖ WITHERING Freshly harvested leaves are 

spread out for 14 to 18 hours 
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(the ideal time) to wither on 

huge troughs or shelves. Air is 

frequently passed through to 

aid in moisture removal, and 

the leaves appear wilted after 

withering (Deb and Jolvis Pou, 

2016; Tehsome, 2019). 

❖ ROLLING The leaves are disintegrated, 

and enzymes are released to 

get ready for oxidation. There 

are two rolling techniques: 

traditional, where leaves are 

gently broken by rollers, and 

CTC-cut, tear, curl, when 

leaves are mechanically cut 

(Hilal and Engelhardt 2007). 

❖ OXIDIZING/FERMENTATION The rolled, withered leaves are 

left outside for a few hours to 

oxidize, which means they 

start fermenting when they 

come into contact with 

oxygen. Chemical reactions 

break down the leaves to some 

extent (Teshome, 2019; Long 

et al., 2023). 

❖ DRYING The oxidation processes are 

then stopped just in time with 

drying, giving the tea its ideal 

flavor. To remove any excess 

moisture, the oxidized leaves 

are gently heated (Sharma et 

al., 2018). In general, drying 

black tea at 110°C with a dryer 

speed of 1.5 rpm results in 

high-quality tea (Teshome, 

2019). 

❖ PACKAGING The size of the dried leaf 

determines the grade of the tea 

after drying. Smaller leaves are 

prepared for use in tea bags, 

while larger leaves are offered 

loose for tea. Tea should be 

wrapped in food-safe materials 

(Rana, 2022). 

❖ THE CUP (READY TO DRINK) The tea is now ready to be 

brewed. Tea leaves that have 

been dried impart a subtle 

flavor to hot water that is 

determined by the growing 

environment and painstaking 

preparation method. Start the 

kettle (Wong et al., 2022). 
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The tea plant is known to be grown in almost thrity countries and the total 

amount for human consumption and produced is black (80%), green (20%), and 

oolong tea (2%) (Sinha et al., 2010; Qasim et al., 2017; Feng et al., 2019; Wong et al., 

2022). 

 2.5.1 Black Tea 

 Black tea is mostly produced and consumed in India. The fresh young fragile 

C. sinensis assamica leaves are harvested, withered, macerated (rolled), fermented and 

dried to create the most well-known refreshing beverage (Pincemaille et al., 2014; 

Guleria et al., 2022) as depicted in Fig. 6 and Table 7. The most popular type of tea 

on earth is black tea, which comes in a variety of flavors (Ruxton, 2008; Basu, 2010; 

Guleria and Sehgal, 2022). The leaves cell structure is damaged during withering 

because the leaves take on a form that facilitates the maceration process. The brewing 

process then begins. Tea leaves contain catechins which are transformed into 

theaflavins and thearubigins by an enzyme process that involves oxidation and 

polymerization to produce a complex combination of important secondary 

polyphenols (Takino et al., 1964; Nonaka et al., 1984; Abeywickrama et al., 2011; Qi 

et al., 2021), theasinensins (Kusano et al., 2008; Li et al., 2010), oolongtheanins 

(Finger, 1994; Kuhnert et al., 2010; Tanaka and Matsuo, 2020) that are mainly 

responsible for the astringent taste and coppery color of black tea (Guleria and Sehgal, 

2022; Abudureheman et al., 2022) as illustrated in Fig. 18 and Table 8. 

 2.5.2 Chemical constituents  

Black tea contains various chemical compounds such as carbohydrates, 

proteins, amino acids, vitamins, polyphenols (flavonoids, catechins, theaflavins and 

flavonols) and alkaloids (caffeine) as shown in the Table 8. Young tea shoots are high 

in polyphenolic compounds and catechins (most abundant and responsible for black 

tea pigment formation). Regarding black tea attributes, theaflavins (TF) is unique in 

predicting tea quality and account for 0.3 to 1.8% of the dry weight (Takino et al., 

1964). TF (orange-red compounds) is formed during fermentation via polymerization 

of polyphenols, undertaken by the enzyme oxidase that gives the tea liquor its distinct 

briskness, color and strength (Obanda, 1997; Takino et al., 1964; Nonaka et al., 1983; 

Abeywickrama et al., 2011; Qi et al., 2021). Thearubigins (red-brown color) is a 

pigment derived from the oxidative degradation of theaflavins and catechins account 

for (10- 20% dry weight) of tea, are responsible for the color and the strength of the 
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beverage’s flavor (Haslam, 2003; Bond and Derbyshire, 2020; Zhu et al., 2021) as 

illustrated in Table 8. 

2.5.3 Health-promoting benefits  

     Polyphenols like theaflavins/thearubugins contain antioxidant properties 

thereby helping in number of ailments such as decreased cardiovascular diseases, 

inflammation, inhibiting the obesity by suppressing absorption and digestion of lipid 

and complex sugars, the elevation of lipolysis and down-regulated the lipid 

accumulation by reducing the accumulation of fat cells. 

                            Table 8: Chemical constituents of Black tea. 

Black tea composition            Structure 

Theaflavins 

 Theaflavin and its esters are the main 

sources of red color in black tea, which 

have various health promoting benefits, 

like glucose-lowering abilities and fat-

reducing in nature. Moreover, it has been 

found to 

show anti-inflammatory, antibacterial, 

anti-obesity, anti-cancer, anti-dental, 

anti-osteoporotic, anti-atherosclerotic and 

antiviral properties. 

 

Thearubigins 

All high molecular weight polyphenols 

with a reddish-brown color and good 

water solubility are together referred to 

as "thearubigins" (TRs). It contains 

various therapeutic effects like 

antimutagenic, anti-cancer, and 

antioxidant effects on skeletal health, 

gastrointestinal motility and 

mitochondrial activation. 
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Thesinensins (TS) 

Theasinensin A and B is polyphenol 

flavonoids or dimers of tea catechin 

which are produced from  black 

tea (Camellia sinensis) and Oolong tea 

during the processing/fermentation- 

oxidation of epigallocatechin gallate. 

 

Oolongtheanins (Theanine) 

Tea also contains unique amino acids 

which are called oolongtheanins (L-

theanine) that contribute to its taste and 

may influence a variety of human brain 

functions and contains various health-

promoting effects like reducing 

stress/hypertension, hepatoprotective 

effects and prevention of vascular 

diseases etc. 

 

Caffeine 

It is a natural chemical that regulates 

blood pressure by stimulating the 

muscles, heart and CNS and acts as a 

“water pill” that increases water flow. 

The high content of catechin is present 

in black tea. 
 

Catechins 

Catechins are a type of phenolic 

compound and secondary metabolite that 

provides antioxidant roles in plants. 

EGCG, EC, EGC and ECG are found 

in tea. 

  

https://en.wikipedia.org/wiki/Black_tea
https://en.wikipedia.org/wiki/Black_tea
https://en.wikipedia.org/wiki/Camellia_sinensis
https://en.wikipedia.org/wiki/Epigallocatechin_gallate
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Flavonoids (flavons) 

It is a class of organic compounds with 

varying phenolic structures that are 

present in grains, flower stems, etc. 70% 

of thearubigins (flavonoids) present in 

black tea. 

 
 

Histidine 

Organic compounds that contains both 

carboxylic & amino functional groups. 

They help in nutrient absorption as well 

as tissue repair throughout the body. 

Black tea contains a higher amount of 

aspargine, theanine and glutamate. 

 

Nutrients (Folate) 

Tea contains approx. 5-7% phosphorus, 

magnesium, calcium and mainly 

potassium. 

 

  
 

Proteins  

Tea accommodates high amounts of 

around 21-28% protein. 

 

  
 

Carbohydrates  

Stachyose, fructose, sucrose, raffinose 

& glucose (free sugars) are found in tea. 
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Alkaloids 

Caffeine and theobromine were 

identified in tea. 

 

 

Literature documented that drinking 2-3 cups of black tea on the daily shows 

the risk of stroke reduction and prevents unregulated cell communication and 

signaling pathways like epidermal growth factors, caspases etc (Hodgson et al., 2012; 

Rasheed, 2019; Wang et al., 2022) as illustrated in Fig. 19. 

2.5.4 Anti-tumor and chemopreventive mode of action of Black tea and its 

bioactive compounds 

             Free radicals are known for their reactivity and potential for cell damage. 

They are created when an electron, a tiny negatively charged particle found in atoms, 

is gained or lost by an atom or molecule (a compound made up of two or more atoms) 

(Phaniendra et al., 2015; Charlesby, 2016; Alkadi, 2020; Unsal et al., 2021). 

 

Fig. 19: Pharmacological and therapeutical properties of black tea and its mode 

of action (created on www.Biorender.com) 
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The body naturally produces free radicals crucial to some regular cellular 

functions. Ionizing radiation exposure, as well as other environmental contaminants 

(cigarette smoke, certain metals), can result in excessively high levels of radicals 

(oxidative stress), which harm all significant components of cells, including cell 

membranes, DNA and proteins (Suryadinata and Wirjatmadi, 2020; Hasan et al., 

2022; Rudrapal et al., 2022). ROS damage the cells and contribute to cancer 

development and other conditions like vision loss, ailments to the heart, some chronic 

diseases, etc. Chemicals called antioxidants (free radical scavengers) neutralize these 

to stop them from harming (Singh et al., 2017; Parcheta et al., 2021; Zahra et al., 

2021; Vinci et al., 2022).  

To neutralise ROS, the body produces several endogenous antioxidants. The 

rest of the antioxidants the body needs, however, come from outside (exogenous) 

sources, chiefly the diet. Dietary antioxidants are another name for exogenous 

antioxidants (Zahra et al., 2021; Parcheta et al., 2021). Dietary antioxidants are 

abundant in grains, fruits, beta-carotene, lycopene, vitamins A, C and E and 

vegetables. Some dietary antioxidants can also be obtained as supplements. Any tissue 

or organ that naturally loses cells develops cancer, which is characterised by 

uncontrolled growth (Arias et al., 2022; Souri et al., 2022). Accumulating ROS harms 

the body's defense mechanisms, including enzymatic balance and DNA structure, 

triggering the cancer pathogenesis. Numerous animal and laboratory studies have 

demonstrated that raising exogenous antioxidant levels can halt the types of free 

radical damage that lead to the growth of cancer.  

To prevent and advance cancer, antioxidants found in tea, fruits and vegetables 

are helpful. As a result, researchers have looked at whether consuming dietary 

antioxidant supplements can lower the likelihood that people will acquire cancer or 

pass away from it. Since their use has no adverse side effects, natural health product 

research and their molecular-level health advantages have gained widespread 

acceptance worldwide over the past 20 years (Qasim et al., 2017; Rasheed, 2019). 

According to earlier studies, black and green tea show effectiveness (Initiation, 

Progression and Metastases) in cancer (Mates and Jimenez, 2000; Pan et al., 2013; 

Ganguly et al., 2016; Rasheed, 2019). Aside from water, one of our most popular and 

consumed beverages, black tea is now available in markets all over the world in both 

unblended forms such as Darjeeling and Assam tea or blended with various other 

plant products to obtain different flavors like Chai, Bigelow and Earl Grey (Davies et 
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al., 2003; Chan et al., 2011; Singh et al., 2017). Numerous cancers are said to be 

prevented by good amound of bioactive compounds present in black tea, such as 

volatile chemicals, flavonoids, phenolics and alkaloids. These compounds control 

oxidative damage to biomolecules, endogenous antioxidants, as well as various 

pathways of mutagen (elevated transcription factors like Akt, EGFR, STAT, JNK etc.) 

and transcription of the antioxidant gene (Baibado et al., 2011; Singh et al., 2017; 

Ihsan et al., 2018).  

According to Singh et al., 2017 regular drinking of black increases the 

protective antioxidant enzymes as well as suppressed several cell signaling pathways 

incremation which is responsible for developing cancer and blocking Wnt/β-catechin, 

cyclin D, molecular targets like COX-2, STAT, EGFR, Nf-kB, p27, FOX O1 and JNK 

that contribute to inducing arrest of cell cycle. Inflammation is significantly 

influenced by the inducible enzymes cyclooxygenase-2/nitric oxide synthase. Its 

activity is allied with proliferation and PCD prevention. Additionally, it is critical for 

cancer development in the lungs and may serve as a biomarker for tumor development 

(Subbaramaiah and Dannenberg, 2003). 

  There are several theories that tea has anti-cancer properties, including the fact 

that theaflavins' gallate structure is crucial for the chemicals' ability to inhibit 

proliferation (Bode and Ann, 2003; Steele et al., 2010). The following administration 

methods and dosages were used to assess anticancerous properties of black tea and its 

various constituents: 0.6-4% (BTE), diet (0.05% - polyphenon-B), caffeine (0.044-

0.24%), TFs (360 ppm) and 0.02 mg (TFs) given intravenously (Kumar et al., 2010). 

It should be emphasized that anticancerous activity was noticed at doses (per kg BW) 

far higher than those typically consumed by people (Yang et al., 2000; Krishnan et al., 

2006; Kumar et al., 2010).  

Apoptosis- critical in removing the mutated hyperproliferating cells from the 

system. Apoptosis which involves many complex pathways and enzymes, is ideal 

function for cell survival and proliferation. Carcinogenesis is closely linked to the 

proliferation of abandoned cells due to the absence of PCD (Gusman et al., 2001). 

Thus, inducing apoptosis in tumor cells may be regarded as a defense barrier against 

cancer development and progression. Polyphenols and catechins found in black tea 

and green tea, respectively documented to inhibit tumor growth in vitro/in vivo (Yang 

et al., 1999; Lu et al., 1997; Ahmad et al., 1997; Yang et al., 2000; Halder et al., 
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2008). Theaflavins and thearubigins are black tea's most exclusive polyphenols. 

Although there aren't numerous research studies that show black tea (theaflavins) and 

green tea (epigallocatechin gallate, epicatechingallate and epicatechin) extracts (hot 

aqueous) suppress neoplastic transformation in human lung tumour epithelial cells, rat 

tracheal epithelial cells, mouse mammary organ cultures, and other tissues (Steele et 

al., 2000). The integrity of our DNA is crucial to our health, yet ROS can harm it. 

Guanine bases are the most susceptible of the DNA bases. Each human cell's DNA is 

thought to undergo 10,000 oxidations daily, and in vitro studies have discovered over 

35 different forms of oxidized bases in DNA. 

 It is believed that some of the damaged DNA accumulates over time and some 

of it escapes repair, resulting in permanent damage. Carcinogenesis is heavily reliant 

on damaged DNA. Damaged DNA is vital in carcinogenesis because it affects gene 

expression, mitochondria/cytoplasm communication, and the cell cycle. This damage 

done to the DNA is known as Genotoxicity. Hydrogen peroxide (H2O2) is a common 

reactive oxygen intermediate produced by oxidative stress. H2O2 one of the most 

prevalent ROS that damage DNA in a range of cell types. H2O2 can directly interact 

with DNA, modulate transcription and suppress genomic repair pathways.  

  Numerous studies have shown that natural phenolic antioxidants can prevent 

oxidative DNA damage in two different ways: first, by scavenging the •OH radical 

before DNA damage occurs, and second, by preventing the DNA radicals that are 

created as a result of the •OH radical attack (Anderson et al., 2001; Liu et al., 2017; 

Romero et al., 2018; Dar and Sehgal, 2020). Black tea showed maximum 

antigenotoxic activity as compared to OG, OS, OC & St while BTOGSt expressed the 

highest effect of antigenotoxicity as compared to other combinations (Guleria and 

Sehgal, 2022). Another study found that black tea's monomeric and dimeric flavonols 

(TFs and TRs) protected lymphocyte DNA against Trp-P-2-induced damage (Dhawan 

et al., 2002). Hence, it was found that black tea polyphenols (TFs and TRs) and 

phytochemical constituents act as oncostatin roles in different cancer stages of 

development as well as owing to mutant cells accompanying an inflammation 

microenvironment, gene mutations, proteinase secretion, epigenetic mutations, 

oxidative stress, suppression of apoptosis, inflammatory-induced cell proliferation, 

angiogenesis or expression of adhesion molecules which drive the malignant 

transformation whereas, tea consumption also blocked a varied range of diseases- 

atherosclerosis, stomach ulceration and cardiovascular diseases as depicted in Fig. 20 
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(Gardner et al., 2007; Pan et al., 2008; Sil et al., 2010; Hayat et al., 2015; Singh et al., 

2017; Yun et al., 2021; Chen et al., 2022). 

 

Fig. 20: Diagrammatic representation of chemopreventive action of black tea phytoconstituents 

(created in www.Biorender.com) 

2.5.4.1 Animal/Clinical studies 

        Tea and its chemical constituents have been researched for their potential to fight 

cancer by utilising various animal-based models. Most animal research on tea and 

cancer that has been published in the literature concentrates on green tea's effects. 

Researchers have examined black tea's potential as a carcinogenesis inhibitor, even 

though it makes up more than 75% of all tea produced worldwide. Black tea's 

chemical composition is very different from green tea's due to the considerable 

oxidation of catechins during manufacture. Thearubigins, theaflavins and other 

oxidation products of black tea exhibit antioxidant properties, signifying that black 

may avert lung cancer brought on by NNK. Bioassays in A/J mice showed that 

drinking black tea prevented the growth of lung cancer brought on by NNK therapy 

(Cao et al., 1996; Yang et al., 1997; Chung et al., 2003). Black, green tea and its 

polyphenols, EGCG and theaflavins, were given to hamsters, rats  and mice for 

inhibition in the cancer in lung brought on by the chemical 4 (methylnitrosamino) 1 (3 

pyridyl) 1 butanone (NNK) (Wang et al., 1992; Xu et al., 1992; Yang et al., 1997; 

Chung et al., 1999; Mimoto et al., 2000; Liao et al., 2004; Schuller et al., 2004; Liu 
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and Huang, 2015; Sun et al., 2018). The phosphorylated transcription factors JUN, 

ERK1, and ERK2 were shown to be at lower concentrations in adenocarcinomas after 

coffee and PPE (Polyphenon E) therapy, which prevented increased apoptosis and cell 

proliferation. However, neither treatment significantly changed the amount of cell 

death or growth in healthy lung tissue.  

At 60 weeks, giving green or black tea to A/J mice, they also prevented lung 

tumors from developing independently (Landau et al., 1998; Chung et al., 2003). 

Green tea (decaffeinated) and dehydrated black tea solids decreased lung tumor 

multiplicity at 16 weeks following the administration of [DGT (0.6%) or DBT (0.6 g)] 

of tea solids reconstituted in 100 ml of warm water). -(methylnitrosamino)3-pyridyl -

1-dosage of -1-butanone (NNK) (Katiyar et al., 1993). Black tea polyphenols 

significantly lowered volume of tumor, hyperproliferation of bronchiolar epithelial 

cells and cell proliferation, in a different model (Yang et al., 1998). It has also been 

documented that in different animal model experiments, administering black and 

green tea orally reduced chromosome damage (micronuclei) in the peripheral blood as 

well as potent mutagen's tumor-initiating potency of mice given benzopyrene (Kuroda 

and Hara, 1999; Muto et al., 1999; Le et al., 2019). Decaffeinated black and green tea 

significantly decreased the growth of liver tumors and lung malignancies in male C3H 

mice, according to Cao et al., 1996.  

Black tea prevented lung adenoma in A/J mice from developing into 

adenocarcinoma and decreased the incidence and number of spontaneously produced 

rhabdomyosarcomas (Clark and You, 2006). Findings from more than a decade of cell 

culture and tumor bioassays in animal model research indicate the significance of tea 

in cancer prevention. Epidemiological studies on tea and cancer has produced 

conflicting results, with some suggesting a preventive effect and others showing no 

link or even an increase in the incidence of specific malignancies. Animal studies and 

population-based studies differ in meaningful ways. Black tea contains several 

bioactive substances that have antiradical effects. Several researchers have found that 

the chemopreventive benefits of black tea polyphenols, in either a directly or 

indirectly by inhibiting tumor promoters. While few human intervention trials show 

regular drinking of black tea, black tea, has chemopreventive potential, and clinical 

research has been conducted on green tea. Recent epidemiologic research has 

produced conflicting findings about the correlation between drinking tea and the risk 

of acquiring lung cancer, particularly in case-control and cohort studies. In the people 
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of Moscow, drinking black tea was linked to a lower chance of rectal carcinogenesis. 

A pooled analysis of 13 prospective studies (n = 1480 cases) on renal cell carcinoma 

was conducted. Black tea had more significant impact on women than on men, 

probably as a result of men's higher alcohol consumption. In contrast to the findings of 

the previous case-control study, black tea consumption (3 cups per day) lowers risk of 

cancer development (15%) when compared to fewer than 1 cup/day (Khan and 

Mukhtar, 2013).  

In the present study, current and former smokers (993) with primary incident 

lung cancer and hospital controls with non-neoplastic illnesses (986) were coordinated 

for age, gender, and smoking to investigate the effects of black tea and coffee 

ingestion on lung cancer risk. The findings demonstrated that people who regularly 

drank black tea (2 cups/day) had a decreased incidence of developing lung cancer than 

those who did not (non-smokers) (Baker et al., 2005). Another case-control study 

discovered a protective effect for non-smoking women who drank black tea often, 

daily, or several times per week (Kubik et al., 2004).  

 2.6 Meta-analysis 

A systematic method (meta-analysis) is based on combining data from 

multiple scientific studies rather than individual study results. As a result, it is 

regarded as a more precise and reliable approach to reviewing research than other 

qualitative approaches (Vermeire et al., 2001). 22 papers that offered data on the 

relationship between black tea, green tea, or both consumers and the chance for lung 

cancer development were included in this meta-analysis. With a 95% confidence 

range, the summary relative risk (RR = 0.82, green tea) revealed a marginally 

significant connection between the maximum green tea ingestion and a decreased 18% 

risk of developing lung cancer (CI = 0.71–0.96). Furthermore, 2 cups/day of black tea 

showed increased lung tumor generation (95% CI = 0.65-1.03, RR = 0.82) through the 

meta-analysis (Tang et al., 2009). Another study was conducted on 1130 cases and 

1484 controls using information from one of 18 hospitals in the Montreal area and 

Canadian people aged 35 to 75 who were recruited between 1996 and 2001. They 

established a connection between adenocarcinoma risk and high black tea drinking for 

50 years or longer compared to no consumption (Pasquet, 2013). There was no 

conclusive link between black tea use and lung cancer risk in this analysis of 22 

research studies (Tang et al., 2009). Another case-control and cohort study revealed 
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that both black and green tea significantly lowers chances of lung tumor development 

(Wang et al., 2014). The Netherlands cohort study expressed no evidence of a 

substantial cancer preventive effect of black tea on breast, colorectal, stomach or lung 

cancers (Gardener et al., 2007). However, epidemiological studies have not always 

found a connection between black tea's cancer-fighting qualities and decreased 

incidence of cancer. Contrarily, black tea did not appear to be a material that fosters 

cancer development (Mohan et al., 2005; Singh et al., 2017). 

  Combining black tea with medicinal plants in herbal teas or tisanes enhances 

black teas potential health benefits. Herbal tea is also known as herbal infusions since 

it is made from the decoction of herbs and other plant material in hot water (Killedar 

et al., 2017). Many people believe that herbal tea is not tea, even though it looks like 

tea and is brewed similarly to tea. This is because they are not derived from the 

Camellia Sinensis bush, the source of all teas. Herbal teas are widely consumed 

worldwide and are employed as medicinal tools in conventional medicine (Ravikumar 

et al., 2014; Erasmus et al., 2017). The various clinical evidence suggests that to 

achieve a healthy diet; individuals should prioritize plant materials such as vegetables, 

fruit, grains, oils and nuts while reducing their intake of red and processed sugary 

drinks as well as meat (McMacken and Shah, 2017; Bvenura et al., 2017; Wallace et 

al., 2020). In China and India, herbal teas are used in the traditional medicinal 

systems.  

               Due to the low cost of in vitro research, there is a wealth of preclinical 

information about phytoconstituents and their pharmacology is available (Colalto, 

2010). However, additional research on humans is required to fully understand the 

advantages of drinking herbal beverages and the efficacy of production techniques 

like fermentation, which gives the tea its distinctive flavor and may boost biological 

activity. Herbal tea consumption is beneficial in nutritional-physiological, maintaining 

and promoting health, particularly in terms of public health and especially in terms of 

cardiovascular disease prevention. They are simple and effective methods for reaping 

the herbs aroma and health benefits (Killedar and Pawar, 2017). It is very well known 

nowadays that there is positive link between herbal tea consumption and its 

preventuion of various health problems. The pharmacological effects of drugs, 

functional foods or botanical dietary supplements are frequently altered by 

interactions between phytochemical components (Lila et al., 2005; Gurley, 2012; 

Shareena and Kumar, 2022). These interactions can either enhance or inhibit the 
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activity of bioactive phytochemicals. There could be synergistic, additive or 

antagonistic interactions between various plant-based diets that change their biological 

features.  The anti-cancer, metabolic disorders, anti-inflammation, and 

chemoprevention of much oxidative stress are antioxidant synergistic interactions 

demonstrated in in vitro studies using mixes of pure bioactive chemicals or 

phytochemical-containing plant extracts (Lila et al., 2005; Muhammad et al., 2017). 

The chemopreventive potential of illnesses associated with redox imbalance can be 

increased by the antioxidant synergistic interactions between teas and herbal infusions 

(Phan et al., 2022).  At various antioxidant assays, a binary/ternary decoction of black 

tea with ginger, tulsi, and black pepper recorded the synergistic, additive and 

antagonistic interactions at a 1:1:1 ratio (Gupta et al., 2014). An additive scavenging 

capability was demonstrated by a binary combination of black tea (Camellia sinensis 

assamica), and tulsi (O. gratissimum) (Guleria et al., 2022). To enhance black tea's 

medicinal properties and flavor. Green cardamom, tulsi leaves, ginger, and other 

medicinal herbs can be added (Guleria et al., 2022). 

Thus, in the present study, herbal medicinal plants examined, such as O. 

gratissimum (Vana tulsi), O. sanctum (Rama tulsi), O. canum (Dulal tulsi), rich in 

antioxidants and commonly used by people as herbal drinks for herbal therapies from 

ancient times. We are making a refreshing tea to include stevia leaves (S. rebaudiana) 

used as an additive that contains high antioxidant as well as anticancerous properties 

to improve or enhance the cancer potential property of black tea, shown in Fig. 21. 
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    Fig. 21: Diagrammatic representation of research design (created on www.Biorender.com)                         

 2.7 Remedial plants used in the research study 

 2.7.1 Ocimum gratissimum 

O. gratissimum, also known as scent leaf, Vana tulsi, clove basil, African basil, 

or wild basil is one of the most recently found plants for medicinal purposes, that has 

the potential to be used as a new drug that has been around since the ancient times and 

utilized for treating various illnesses, including anemia, diabetes, inflammation, 

cancer, diarrhea, pains, fungal and bacterial infections.  

It is a common perennial herbaceous plant that is economically successful and 

has a potent aroma (Prabhu et al., 2009; Monga et al., 2017; Bhavani et al., 2019; 

Nganteng et al., 2022). It is a member of the Lamiaceae and is known to occur  in 

South America, Asia and Africa. The classification is as given below in Fig. 22(a). 

 

 

 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/lamiaceae
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Kingdom Plantae 

Division Tracheophyta 

Class Magnoliopsida 

Order Lamiales 

Family Lamiaceae 

Genus Ocimum 

Species gratissimum 

                                

                                       Fig. 22: (a) Taxonomic position of O. gratissimum  

2.7.1.1 Botanical features 

  Perennial herbeacous, aromatic, erect stem with 1-3 height, much branched, 

round-quadrangular, woody at the base, glabrous or pubescent, leaves are opposite, 

blade elliptical to ovate, membranaceous or apex cute. On the leaves, glandular 

trichomes are seen, the calyx is 2-lipped and 2-3 mm long, the corolla is campanulate 

3.5-5 mm long, an ovary is superior, consisting of two carpels, pubescent outside, 

greenish-white in color and inflorescence – verticillaster (Prabhu et al., 2009; Monga 

et al., 2017; Valsan et al., 2022) as illustrated in Fig. 22(a) and (b). 

 

                                       Fig. 22: (b) External morphology of O. gratissimum  

2.7.1.2 Health-promoting benefits 

It has long history of use in traditional system of medicine to cure many 

ailments, including anemia, inflammation, diarrhea, diabetes, cancer, protect heart 

health, and bacterial or fungal infections. Its leaves also act as a repellent for 
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mosquitoes or insects. Fresh scent leaves contain magnesium, cinnamic acid and 

protein.  

Scent leaf tea has traditionally been used to treat stomach disorders such as 

gastroenteritis. Cold and flu symptoms can be relieved by chewing on the leaves 

(Benelli et al., 2019; Okeke et al., 2023). Leaves boiled with ginger or honey to treat 

cough, bronchitis, asthma, influenza, and cold. The phytochemical testing reported 

that it contains some important secondary metabolites thereby showing various 

pharmacological activities such as antioxidant, hepatoprotective, immuno-suppressive, 

anti-inflammatory, antidiarrhoeal, antihypertensive and antimicrobial (Mohammad et 

al., 2007; Monga et al., 2017; Valsan et al., 2022).  

2.7.2 Ocimum sanctum 

  For more than 2000 years, O. sanctum has been acknowledged as one of the 

most adaptable medicinal herbs, with a diverse spectrum of biological activity. In the 

Indian subcontinent, it is a well-known religious herb also known as tulsi, Shyma, 

holy basil, or Krishna tulsi. Tulsi “Queen of Herbs”, is one of the Orient's health-

giving and the most revered of many healing herbs (Gupta et al., 2002; Singh et al., 

2007). It is an aromatic shrub endemic to the eastern hemisphere tropic and is 

assumed to have originated in north-central India. It belongs to the basil family 

Lamiaceae. Tulsi is renowned for its potent scent and occasionally bitter, astringent 

flavor. It can also have flowery and peppery aromas because it is linked to the culinary 

basil family. Some tulsi kind’s smell and taste like cloves, while others have a crisp, 

lemony flavor (Singh et al., 2007; Mondal et al., 2009; Cohen, 2014; Khatoon et al., 

2022). The taxonomic information is shown below in Fig. 23(a). 

                                                   

                                                Fig. 23: (a) Taxonomic position of O. sanctum  

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Lamiales 

Family Lamiaceae 

Genus Ocimum 

Species sanctum 
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2.7.2.1 Botanical features 

It is a heavily branched sub-shrub that is 30 to 60 cm tall, upright, with 

opposing, highly hairy purple or green leaves and aromatic stems. Oval leaves with up 

to 5 cm long petioles are present. It is a fragrant bushy perennial that can reach a 

height of 1.5 cm. Its flowers appear in compact whorls on long racemes with white 

blooms and somewhat purplish-tinted foliage. It is grown for essential oil production 

as well as for religious and therapeutic purposes (Singh et al., 2007; Mondal et al., 

2009; Cohen, 2014; Kumar et al., 2022) as shown in Fig. 23 (a) and (b). 

 

Fig. 23: (b) External morphology of O. sanctum 

2.7.2.2 Heath-promoting effects 

It reduces psychological stress by improving memory and cognitive function, 

acting as an anxiolytic and antidepressant, and metabolic stress by restoring average 

blood glucose, blood pressure, and lipid levels to normal. It cures many skin disorders, 

insect bites, or itching.  

Tulsi is a rejuvenator, reducing stress, relaxes the body, and improves 

memory. In Ayurvedic treatments, Tulsi extracts treats stomach disorders, common 

colds, inflammation, heart disease, malaria, various poisonings, and headaches. It has 

a wide range of therapeutic uses, including catarrhal fever, cardiopathy, haemopathy, 

gastropathy, leucoderma, asthma, vomiting, ringworm, genitourinary disorders, 

verminous, and bronchitis. It has also been suggested to possess analgesic, anticancer, 

antifungal, antifertility, hepatoprotective, antidiabetic, antispasmodic, 

cardioprotective, antimicrobial, diaphoretic and Adaptogenic activity. O. sanctum is 

traditionally consumed in various forms, including dried powder, fresh leaf and herbal 

tea (Singh et al., 2007; Pattanayak et al., 2010; Cohen, 2014; Kumar et al., 2022). 
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2.7.3 Ocimum canum 

O. canum Sims is a traditional medicinal plant that grows throughout Tamil 

Nadu and is commonly referred to as NaiTulasi in Tamil. Goes by the name “hoary 

basil” and “Dulal tulsi”. A powerful antioxidant polyphenol known locally as eme or 

akokobesa (Ghana), rosmarinic acid (RA) found in O. canum (Nascimento et al., 

2011; Ngassoum et al., 2004; Manjudevi et al., 2022) as shown in Fig. 24. 

 

                                       Fig. 24: External morphology of O. canum  

2.7.3.1 Botanical features 

This annual plant is native to Africa and can reach 2 feet. It is also known as 

African basil and has hairy leaves, scented flowers and a distinct mint flavor. The 

plant branches out from the base with angled stems and open foliage.  

It has a pungent, aromatic flavor and is commonly cultivated for culinary 

purposes. Flowers are white, pubescent, 7.5 to 20 cm long, with a 3 mm long calyx 

and a 4 mm long corolla. The petioles are slender and hairy and range from 1.3 to 2.5 

cm. There is a short pedicel. The leaves are elliptic-lanceolate, sharp at both ends, 

gland-dotted, virtually glabrous, and have edges that are whole or shallowly serrated 

(Selvi et al., 2015; Bhattacharjya et al., 2019; Gaurav et al., 2022) as depicted in Fig. 

24. 

2.7.3.2 Health-promoting benefits 

O. canum is explicitly used for treating various diseases, lowering blood 

glucose levels, and treating colds, fevers, joint inflammation, headaches, and parasitic 

infestations on the body. The plant has a spicy, aromatic flavour and is widely grown 
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for culinary purposes. Traditional medicine recognized its utility in treating fevers, 

tooth problems and dysentery (Aluko et al., 2012; Pandey et al., 2014). It was used as 

an insect repellent to prevent insect damage after harvest. Colds, fevers, parasitic 

infestations on the body, joint inflammation and headaches can all be treated with this 

herb. It has therapeutic and pharmacological effects like anti-depressant, sedative and 

anxiolytic, antihypertensive, cardioprotective, antioxidant, antidiabetic, anti-

inflammatory, antinociceptive, antimicrobial, antitumor, and chemopreventive 

properties. The leaves are used to flavor food. Linalool is found in the oil of O. 

canum. The seeds could provide dietary fiber or help with constipation. Magnesium, 

also present in basil, helps blood flow by relaxing the muscles and blood vessels 

(Bhattacharjya et al., 2019; Gaurav et al., 2022). 

2.7.4 Stevia rebaudiana 

S. rebaudiana Bertoni, (asteraceae), is a perennial herb/shrub grown 

commercially worldwide for the natural sweetener steviol. Steviol glycosides are 

incredibly sweet compounds found in the leaves of the stevia plant and are used as a 

sugar substitute in the food and beverage industries for sweetener extraction and 

flavor enhancement (Savita et al., 2004; Goyal et al., 2010). Steviol glycosides 

extracted from stevia leaves are intensely sweet and 100–300 times sweeter than table 

sugar (sucrose); it is devoid of zero artificial chemicals, low-calorie and carbs (Goyal 

et al., 2010; Karagoz, 2022). Not everyone finds it to their taste. Some people find it 

bitter, while others believe it tastes like menthol (Tadhani et al., 2007; Ahmad et al., 

2020). Obesity rise is on peak and the diabetes epidemic, low-calorie sugar 

alternatives (stevioside) have flooded the market around the globe. The leaves of the 

plant S. rebaudiana are used to make the sweet herb stevia (Yadav et al., 2011; Gupta 

et al., 2013; Karagoz, 2022). Taxonomic classification is given below in Fig. 25(a). 
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Kingdom Plantae 

Division Tracheophyta 

Class Magnoliopsida 

Order Asterales 

Family Asteraceae 

Genus Stevia 

Species rebaudiana 

                    

                                           Fig. 25: (a) Taxonomic position of S. rebaudiana 

2.7.4.1 Botanical features 

 It is a small seasonal plant that grows up to 1-2 feet tall and is typically grown 

for its leaves, from which a sweetener is made. It has elongated leaves that grow along 

the stems and are arranged in rows. Generally, flowers are pruned to improve the 

flavor of the leaves. Tubular flowers in terminal clusters are white and light purple 

accents. Cut off the flowers to get better-tasting leaves. Steviol glycosides, a group of 

sweet-tasting compounds found in the leaves, are used for sweetening foods or 

beverages and are also industrially processed to create powdered non-caloric 

sweeteners. Along the stems, the fragrant, oblong leaves are arranged in an opposing 

pattern and measure 2.5 cm (1 inch) in length (Yadav et al., 2011; Gantait et al., 2018; 

Karagoz, 2022) as illustrated in Fig. 25 (a) and (b). 

 

 

 

 

            

       Fig. 25: (b) External morphology of S. rebaudiana (obtained from www.google.com)                  
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2.7.4.2 Health-promoting effects 

S. rebaudiana extract and its glycosides have anti-cancer, anti-hypertensive, 

anti-obesity, anti-hypertensive, anti-diabetic, antioxidant, low blood pressure, anti-

tumor, anti-inflammatory and antimicrobial effects and improved kidney function. 

Proteins, carbohydrates, oils, lipids, phenolic compounds, dietary fibers and vitamins 

are all found in stevia leaves (Marcinek et al., 2016; Sukhmani et al., 2018; Kurek and 

Krejpcio, 2019; Khilar et al., 2022). 

2.8 Interactions between teas/herbs/phytochemicals/drugs (antioxidant 

interactions) and their effect on their biological properties (bioactive compounds) 

The interactions between different phytoconstituents may impact the total 

antioxidant capacity of the combination. These interactions are categorized into 

synergistic, additive and antagonistic (Skroza et al., 2022; Liu et al., 2022; Guleria 

and Sehgal, 2022). Different teas mixed with herbs having different bioactive 

constituents can produce antagonistic or synergistic bioactive impacts (Boyer and Liu, 

2004; Malongane et al., 2017). Additionally, combining many plant extracts lowers 

the dose of each plant that is needed, preventing the negative consequences of 

utilizing high doses of each plant extract.  Combining different nutrients and 

phytochemicals provides more robust protection because nutrients are more effective 

when combined than if taken alone. According to the earlier study, herbs are known to 

include a variety of bioactive constituents with antioxidant effects. Antioxidants 

present in combinations vary in quantity and ratio, which impacts how they interact 

(Chou, 2006; Guleria et al., 2022).  

Recently, it has been discovered that distinct bioactive molecules such as 

enzymes, refined compounds (vitamins and phytochemicals), synthesized 

antioxidants, and crude extracts can interact to reveal numerous antioxidant 

interactions (additional, antagonistic and synergistic). Adding O. gratissimum to black 

tea resulted in an additive interaction and the highest antioxidant potential, whereas 

supplementation with O. sanctum or O. canum resulted in an antagonistic interaction 

and lower radical scavenging ability (Guleria and Sehgal, 2022). An additive 

interaction occurs when the concentration of phytochemicals responsible for 

antioxidant potential increases, whereas an antagonistic interaction occurs when the 

structural characteristics of phytochemicals change, potentially decreasing the 

functional properties of a mixture (Muhammad et al., 2017; Farooq and Sehgal, 2019).  
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Pure compounds that have been isolated may or may not behave in the same 

way as the original food component, losing biological functions, complexity of whole 

foods, synergistic interactions and dietary patterns. While isolated phytochemicals 

may have specific properties or functions, they may not replicate the same health 

benefits as consuming a balanced diet rich in whole foods are believed to play a 

crucial role in promoting health and preventing disease as well and two or more 

mixtures affect antioxidant, anti-lipid peroxidation and anti-cancerous properties 

(Hidalgo et al., 2010; Muhammad et al., 2017). There have been reports of synergistic 

antioxidant interactions between kaempferol and cyanidine-3-glucoside, kaempferol 

and delphinidine-3-glucoside, cyanidine-3-glucoside and myricetin-3-glucoside. 

Extracts of black and green tea along with ascorbic acid's; interactions with 

antioxidant activity, ranged from antagonistic to additive in different proportions 

(10:1, 5:1, 2:1, 1:1, 1:2, and 1:10). Combining various tea varieties may have a 

synergistic impact that improves health results (Enko and Swigło, 2015). 

Clinical investigations have shown several physiological reactions to tea, and 

these responses may have significant impact on the management, prevention, and 

treatment of some long-term illnesses. With the addition of each herb, black tea's 

antioxidant activity increased (lemon, bergamot, clove and cinnamon). Because 

polyphenolic substances prevent vascular illnesses frequently in diabetes (type 2), the 

combination's synergistic antioxidant action may indirectly benefit the body 

(Buyukbalci and Nehir, 2008). Using various cancer chemopreventive agents 

combined with various action pathways may be a viable methodology for maximizing 

efficiency while minimizing toxicities (Hong and Sporn, 1997; Sporn, 1980).  

Treatment with a single compound, such as polyphenon E or atorvastatin, was 

ineffective in reducing lung carcinogenesis, whereas combined treatment with these 

two compounds significantly reduced tumor number and tumor load (Lu et al., 2008). 

The binary combinations of phytochemicals also show a reduction in antioxidant 

potential. For example, the combination of alpha-tocopherol with ferulic or caffeic 

acid showed synergism against lipid peroxidation but antagonism with chlorogenic 

acid which may be due to chlorogenic acid, steric structure, which prevents it from 

attaching with alpha-tocopherol (Neunert et al., 2015). Tumor cell growth is inhibited 

by polyphenols found in tea by influencing many molecular targets that are involved 

in proliferation. 
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There have been numerous studies on cancer-prevention properties of rooibos, 

black, and green tea (Marnewick et al., 2005; Phan et al., 2013). Nevertheless, an 

increase in gren tea drinking did lessen the incidence of lung cancer but not black tea 

consumption, according to met-analysis study (Tang et al., 2009). A prospective 

cohort study found similar results, indicating that drinking black tea had no defense 

action against lung, breast and colorectal cancer (Blot et al., 1997). These findings 

don’t mean that black tea can’t be used for the treatment of other cancer types like 

bladder/ovarian in women (Wu et al., 2013; Singh et al., 2017). Combining black tea 

with other types of teas may possese anticancerous properties (George et al., 2011). It 

has been documented by (George et al., 2011) that while combining black tea with 

resveratrol has synergistic suppression on the skin tumors growth and subsequently 

lead to reduction in volume of tumor and cell number compared to alone. Combined 

polyphenol mixtures are more effective in treating human cancer than a single 

polyphenol. A highly malignant B16 melanoma F10 cell line (B16M-F10) was treated 

with quercetin and pterostilbene in a way that increased the number of cancer cells in 

the G0/G1 phase and reduced the risk of metastasis (Fantini et al., 2015). 

Additionally, when the polyphenol thearubigin and the isoflavone genistein from 

black tea were combined there was a higher inhibition of prostate cancer cell 

proliferation in vitro (Sakamoto, 2000).  

The advantages of poly-herbal formulation for illness management and 

prevention help manage disease and lessen the adverse effects of pharmaceutical 

medications (Chawla et al., 2013; Aleesha et al., 2020). Although herbal infusions are 

beneficial, caution should be exercised due to potential contamination and inherent 

side effects (Fakeye et al., 2009; Jordon et al., 2010). Individual plant compounds, 

herbs, and tea all have synergistic effects that may increase the benefits of plants 

(Malongane et al., 2017).  Different tea polyphenols work synergistically with herbal 

treatments or pharmaceuticals to boost their antimicrobial, antioxidant, anti-cancer 

and anti-diabetic activities (Nikmaram et al., 2017; Malongane et al., 2017).  

The combinations have multiple beneficial effects, including cancer cells 

reduction, generation of inflammatory cytokines and proteasome activity, inducing 

apoptosis and affecting key enzymes like glutamine synthetase and superoxide 

dismutase to control epigenetic regulation (Chistiakov et al., 2017; Rahman et al., 

2022). 
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Tea polyphenols may improve the therapeutic effects of medications that treat 

infectious diseases, cancer and diabetes mellitus (Malongane et al., 2017; Rana et al., 

2022). Additionally, because the combination reduces the number of individual 

pharmaceuticals, the beneficial effect may result in lower levels of most prescribed 

drugs.  

Combinations have also been shown to optimize individual teas phytochemical 

constituents, financial value and sensory properties of individual teas. Consumption of 

black, herbal and green tea is linked to minimizing the risk of diabetes and heart 

stroke (Chatterjee et al., 2012; Kokubo et al., 2013; Hayat et al., 2015; Yamagata et 

al., 2015; Yu et al., 2020) as shown below in Fig. 26. 

 

 

Fig. 26: Diagram showing the effect of dietary supplement (herbs/teas) phytoconstuients on the 

various ailments when taken in combination (created on www.Biorender.com) 
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                                                              HYPOTHESIS 

  Cancer is ranked second worldwide after cardiovascular diseases as the major 

killer (WHO, 2018). Among the different cancer types, lung cancer is the leading 

cause of mortality in both sexes (Bray et al., 2018). It has been proven difficult to deal 

with using surgical and therapeutic techniques. The side effects and long-term 

sequelae of anti-cancer chemotherapy continue to be a significant cause of concern for 

both patients and clinicians (Nurgali et al., 2018; Smith et al., 2020; Rahman et al., 

2022). Existing treatments for chemotherapy-related side effects are generally 

ineffective, routinely ignore potential long-term consequences, or can cause additional 

side effects that only make patients feel worse (Chui, 2019; Kuderer et al., 2022). 

There is an urgent need to find new agents for cancer prevention and treatment 

(Chikara et al., 2018).  

The use of natural and dietary agents that can retard, suppress, reverse, or 

block the process of cancer development is gaining interest among the scientific 

community and the general public (Pan et al., 2008; Cragg et al., 2016; Garg et al., 

2023). The numerous plant extracts or their phytochemicals have illustrated 

chemopreventive effects on cancer (Dillard et al., 2000; Rizeq et al., 2020; 

Muhammad et al., 2022). From the ancient era, teas made from the Camellia sinensis 

have been used to promote health and manage conditions like cancer, inflammation 

and headache (Mahdi et al., 2020; Brimson et al., 2022). There are many different 

kinds of tea including white, black, oolong and green tea, but black tea is one of the 

most consumed beverages globally (Wong et al., 2022; Brimson et al., 2022). Various 

in vitro and in vivo reports showed the anticancer properties of black tea. The studies 

on humans showed contradictory results, some studies reported that regular 

consumption of black tea may help in preventing cancer (Baker et al., 2007; Nei et al., 

2014; Wang et al., 2014; Singh et al., 2017) whereas others found no clear evidence 

of its anticancer properties (Gardner et al., 2007; Ganmaa et al., 2008; Tang et al., 

2009; Nie et al., 2014).  

Combining Black Tea with other medicinal plants can enhance its health-

promoting ability. When two or more plant extracts are mixed, they can interact in a 

synergistic, additive or antagonistic manner (Gawlik, 2012). It is also observed that 

the proportion of the combined phytochemicals or the plant extracts can influence the 

biological properties.  In India, tulsi leaves are generally added to black tea for flavor 
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and medicinal properties. It has a strong-smelling aromatic flavor. Although, tulsi is 

commonly used as an additive in black tea, the scientific literature about the 

interaction of black tea with different Ocimum species is limited. Due to the rise of 

obesity and diabetes epidemic, different beverages are being flooded in the market 

which contains low calorie. Interest is being generated for stevia whole leaf extract 

obtained from Stevia rebaudina as it acts as a sweetener and contains phytochemicals 

that have antioxidant and anticancer properties.  The present study will combine black 

tea granules with three different Ocimum spp. (O. gratissimum/O. sanctum/O. canum) 

to explore or identify the possible synergistic or additive interactions between Black 

Tea and respective Ocimum spp., and the binary combination with the highest efficacy 

will be chosen for same parameters testing at five different proportions (3:1, 2:1, 1:1, 

1;2 & 1:3). The proportion of black tea and Ocimum spp. demonstrating maximum 

antioxidant and antigenotoxic potential will be combined with stevia leaves. These 

combinations will be further tested for cytotoxicity against A549 lung cancer cell line 

and in vivo using B(a)P- induced lung carcinogenesis in mice as a model as depicted 

in Fig. 27.              

 

       Fig. 27: Diagrammatic representation of hypothesis 
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OBJECTIVES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screening of radical scavenging, anti-lipid peroxidation, anti-hemolytic 

and anti-genotoxic potential of binary combination of Black Tea 

granules with three different species of Ocimum (tulsi). 

Selection of most active Black Tea and Ocimum spp. combination for 

further determining the effect of their proportion on antioxidant and 

anti-genotoxic potential. 

Assessment of Stevia rebaudiana (leaves) supplementation to black tea 

and Ocimum spp. on radical quenching ability and H
2
O

2
-induced DNA 

damage. 

Appraisal of cancer chemo preventive potential of ternary combination 

of Black Tea, Tulsi and Stevia against benzo(a)pyrene [B(a)P]-induced 

lung carcinogenesis in mice model. 
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5.1 Chemicals and reagents 

 The chemicals utilized during the course of this study are as:  DPPH (2,2-

diphenyl-1-picryl hydrazyl), ascorbic acid, ABTS [2,2’-azino-bis(ethylbenzthiazoline-

6-sulfonic acid)] (HiMedia), Sodium persulfate (HiMedia), Methanol (HiMedia), 

Ammonium persulfate (HiMedia), NEDA (Napthylethylenediaminedihydrochloride) 

(HiMedia), Sodium nitroprusside (HiMedia), TCA (trichloro acetic acid) (HiMedia), 

TBA (thiobarbituric acid) (HiMedia), Ferrous sulphate (FeSO4) (HiMedia), 

Hydrochloric acid (HCl) (HiMedia), Sodium carbonate (Na2CO3) (HiMedia), 

Butylated hydroxyl toluene (BHT) (HiMedia), Gallic acid (HiMedia), Follin-

Ciocalteu’s reagent (HiMedia), Quercetin (HiMedia), Aluminium chloride (AlCl3) 

(HiMedia), Ethidium bromide (HiMedia), Eosine (HiMedia), Hematoxylin (HiMedia), 

DNA sodium salt (HiMedia), Phosphate buffer (HiMedia), Ferrous chloride (FeCl3) 

(HiMedia), Ascorbic acid (HiMedia), Sodium hydroxide (NaOH) (HiMedia), Trizme 

base (HiMedia), RPMI 1640 medium (10% fetal bovine serum with 2mM L-

glutamine) (HiMedia), Sulforhodamine (SRB) (HiMedia), Benzo(a)pyrene [M/s SRL 

Chemicals (Mumbai, India)], A549 human cancer cell line were purchased from 

ATCC (Middlesex, UK). 

5.2 Collection of Plant Material 

Samples of the O. gratissimum L., O. sanctum L. and O. canum were procured 

from the Herbal Garden, at Lovely Professional University (LPU). The black tea 

granules (Taj Mahal brand, India) were bought from Brooke-Bond, India. The dried 

stevia leaves were obtained from Green Valley Stevia (Batch no. HL50/1304), Punjab, 

India) 

5.2.1 Identification 

The Ocimum spp. was anthenticated by Dr. Sumeet Gairola, Plant Sciences 

Division, CSIR- Indian Institute of Integrative Medicine (IIIM) and the voucher 

specimen was submitted to herbarium of IIIM, Jammu, bearing voucher specimen 

number (O. gratissimum- 23391, O. sanctum- 23392 and O. canum - 23390) for future 

reference. 
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5.2.2 Sample Preparation 

5.2.2.1 Preparation of aqueous infusions 

The aqueous infusion of black tea granules (1%), tulsi leaves (1%) and stevia 

(0.5%) as per the manufacturer's instruction) alone and in combination (2%) were 

steeped at 90-100ºC for five minutes (Islam et al., 2018). These infusions were filtered 

using Whatman’s filter paper, and the filterate was stored at 4ºC till further 

investigation. The composition of different infusions is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
0.1 gm /10ml distilled water 

   Black Tea 

0.1 gm /10ml distilled water 

Ocimum gratissimum 

0.1 gm /10ml distilled water 

Ocimum sanctum 

0.1 gm /10ml distilled water 

Ocimum canum  

Alone Preparation 

0.05gm /10ml distilled water 

Stevia rebaudiana (Additive) 
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          Binary mixture preparation 

0.1 gm + 0.1 gm in 10ml distilled water 

Black Tea + Ocimum gratissimum (BTOG) 

(Best Combination) 

(( 

  

  

Black Tea + Ocimum sanctum (BTOS) 

(( 

  

  

0.1 gm + 0.1 gm in 10ml distilled water 

Black Tea + Ocimum canum (BTOC) 

(( 

  

  
0.1 gm + 0.1 gm in 10ml distilled water 

Black Tea + Stevia rebaudiana (BTSt) 

 

(( 

  

  0.1 gm + 0.05 gm in 10ml distilled water 
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Ocimum gratissimum + Stevia rebaudiana (OGSt) 

 

( 

(( 

  

  

0.1 gm + 0.05 gm in 10ml distilled water 

      Ternary Mixture Preparation: (Best Combination) 

0.075 gm + 0.025 gm+ 0.05 gm in 10ml distilled water 

Black Tea + Ocimum gratissimum + Stevia rebaudiana ((BTOGSt) 

(( 

  

  

        Ratios Preparation: (Best Combination) 

Black Tea + Ocimum gratissimum (BTOG) 

(( 

  

  
0.075gm + 0.025 gm in 10ml distilled water 

3:1 

 Black Tea + Ocimum gratissimum (BTOG) 

(( 

  

  

0.066gm + 0.033gm in 10ml distilled water 

2:1 
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5.3 Methodology 

Preliminary screening of Black Tea and tulsi species (O. gratissimum, O. sanctum 

and O. canum) for radical scavenging potential, total phenolic and flavonoid 

content. 

DPPH, ABTS and NO quenching ability tests were used to evaluate the radical 

scavenging capacity of aqueous infusions. The total polyphenolic content (phenolic 

and flavonoid) was also assessed. 

5.3.1 DPPH (2,2-diphenyl-1-picryl hydrazyl) assay 

DPPH is a colored, stable free radical molecule. The antioxidant compound 

donates hydrogen to reduce DPPH (Mensor et al., 2001). This can be measured 

spectrophotometrically. A freshly prepared DPPH solution (0.011gm in 50 ml of 

methanol) was used for spectrophotometric analysis. Methanol was used to dilute the 

1:3 

Black Tea + Ocimum gratissimum (BTOG) 

(( 

  

  

1:1 

0.050gm + 0.050gm in 10ml distilled water 

Black Tea + Ocimum gratissimum (BTOG) 

(( 

  

  
0.033gm + 0.066gm in 10ml distilled water 

1:2 

Black Tea + Ocimum gratissimum (BTOG) 

(( 

  

  

0.025gm + 0.075gm in 10ml distilled water 



82 
 

DPPH solution further, and the optical density (OD) was set at 0.8-1. Every 2 ml of 

DPPH solution received an addition of an extract with a different concentration. 30 

minutes into the incubation. When purple turns yellow, use a visible 

spectrophotometer to measure absorbance at 520 nm. DPPH (2 ml) was used as a 

control, while methanol was used as a blank. The experiment was carried out in 

triplicates. The following relationship was used to calculate radical scavenging 

activity: 

% scavenging activity = (Ac-At)/Ac x 100, where: At and Ac are the respective 

absorbance of test samples and DPPH. The activities were measured in terms of 

EC50; the lower the EC50 (µg/ml) higher is the antioxidant potential. 

5.3.2 ABTS [2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid)] assay 

  This test measures a substance's ability to scavenge 2,2'-azino-bis 

(ethylbenzthiazoline-6-sulfonic acid). Antioxidants prevent ABTS from oxidizing and 

lower the level of monocation (Re et al., 1999). The radical cation was produced by 

mixing ABTS (7mM) solution with ammonium persulfate (3mM). The mixture was 

kept in a dark place for 16 hours at room temperature. The blue color is produced after 

16 hours. Methanol further dilutes the ABTS solution, and the optical density (OD) 

was set between 0.8-1. A different concentration of extracts was added to every ABTS 

(2 ml) solution. Take a reading of the absorbance of each sample at 745 nm after 30 

minutes of incubation. The following equation was used to compute the percentage of 

scavenging activity: 

% scavenging activity = (Ac-At)/Ac x 100, where: At and Ac are the respective 

absorbance of test samples and ABTS. The activities were measured in terms of 

EC50; the lower the EC50 (µg/ml) higher is the antioxidant potential. 

5.3.3 NO (Nitric oxide scavenging activity) assay 

       Take (10mM) sodium nitroprusside and dissolved it in phosphate buffer saline 

(PBS). Then add sodium nitroprusside (2 ml) and PBS (0.9 ml) in different 

concentrations of aqueous extract of samples that were incubated at 37ºC for 2 hours. 

After incubation, Griess reagent 0.5 ml (sulphamide (1%), o-phosphoric acid (2%), 

and NEDA (0.1%) were added. Then, measure the absorbance of chromophore formed 

during diazotization showing pink color and read at 546 nm (Shirwaikar et al., 2006). 

Take PBS as a blank in this experiment. 



83 
 

% scavenging activity = (Ac-At)/Ac x 100, where: At and Ac are the respective 

absorbance of test samples and NO. The activities were measured in terms of 

EC50; the lower the EC50 (µg/ml) higher is the antioxidant potential. 

5.3.4 Determination of Total Phenolic Content  

Take 50 µl of infusions (diluted) in test tubes and add 1:10 v/v Folin’s-

Ciocalteu’s reagent (2.5 ml). After 5 minutes of equilibration, 2.0 ml of sodium 

carbonate (7.5%) was added to each tube. Before taking an optical density reading at 

760 nm, the tubes were incubated at 37ºC in a water bath (90 minutes). Milligrams of 

gallic acid equivalents (mg GAE/g) were used to express the results (Gani et al., 

2015). 

5.3.5 Total Flavonoid Content Estimation 

Take extract (0.5 ml) and mix it with methanol (1.5 ml). After waiting for 5 

minutes, add 0.1 ml of 10% AlCl3. After another 5 minutes, add potassium acetate 

(9.8 gm in 100 ml). Finally, add 2.9 ml of distilled water water was added to 

determine the total flavonoid concentration using quercetin as the reference. For 30 

minutes, the reaction mixture was heated in a water bath at 37ºC. At 415 nm, the 

mixture’s absorbance was measured against a prepared reagent blank. The standard 

was prepared by different concentrations of quercetin in methanol (Nabavi et al., 

2008). 

Ex-vivo evaluation of antilipid peroxidation, antihemolysis, and antigenotoxic 

effect of Black Tea and Black Tea combination with Ocimum species (O. 

gratissimum, O. sanctum and O. canum) 

5.4 Lipid Peroxidation (LPO) assay 

The fresh chicken liver was collected from the slaughterhouse, stored in 

chilled or cold PBS, and preserved at 4ºC until usage. To estimate lipid peroxidation, 

10% liver homogenate (10%) was made (Ohkawa et al., 1979). Different 

concentrations of extracts were added. Then add 0.5 ml of the liver homogenate to 

these samples. Wait for 5 min. at 37ºC. Add 100 µl of 15mM FeSO4 solution. Again, 

wait for 30 min. at 37ºC. After incubation add the mixture of TBA (1): TCA (1): HCl 

(1) ratio in each test tube. The completed combination was boiled (30 minutes) at 
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100ºC in a water bath. Centrifugation for 10 minutes at 2000 rpm to cool it off. 

Consider the supernatant absorbance at 532 nm. 

% scavenging activity = (Ac-At)/Ac x 100, where: At and Ac are the respective 

absorbance of test samples and LPO. The activities were measured in terms of 

EC50; the lower the EC50 (µg/ml) higher is the antioxidant potential. 

5.5 Erythrocyte hemolysis  

The blood was collected from healthy volunteers after obtaining informed 

consent and delivered into heparinized tubes (Okoko and Ere, 2012). To achieve the 

target hematocrit level, whole blood was resuspended in the same buffer after being 

centrifuged at 4000 rpm (10 minutes) at 4°C. The test tube was filled with a fraction 

of erythrocytes (200 µl), test samples, and 100 µl of hydrogen peroxide (100 M), 

which was added to cause hemolysis.  The mixture (200µl) and the entire content were 

incubated for 3h at 37ºC. After incubation, 2 ml of PBS was added, and the solution 

was centrifuged at 3000 rpm for 10 minutes. The absorbance was measured at 540nm.  

5.6 Evaluation of hydroxyl radical-induced DNA damage (Genotoxicity) assay 

Take different aqueous infusions (black tea, O. gratissimum, O. sanctum, O. 

canum, S.  rebaudiana alone and its binary (BTOG, BTOS, BTOC, BTOG (3:1), 

BTOG (2:1), BTOG (1:1), BTOG (1:2), BTOG (1:3), BTSt, OGSt) & ternary 

combination (BTOGSt) in the tubes, phosphate buffer (300 µl) (0.2 M, pH 7.4) was 

added to the sample residue. Subsequently, (50 μl) DNA sodium -10 mg/ml, (75 μl) 

H2O2 - 33.6 mM, (50 μl) FeCl3 - 3.2 mM, and 100 μl of Na2EDTA - 0.5 mM solution 

was added. 1.2 mM of ascorbic acid was added to 75 µl to start the reaction. After 20 

minutes, the reaction was stopped by adding 250 L of 10% w/w trichloroacetic acid. 

of incubation (55°C) in a water bath. After that, the color was created by adding 150 L 

of TBA (5%, in 1.25% NaOH aqueous solution) and heating it for 15 minutes at 105 

°C in a small water bath (Li et al., 2016). After cooling the combination, the 

absorbance at 530 nm was measured in comparison to the buffer (used as the blank). 

The inhibition percentage for •OH is expressed as follows:  

                                                 Protective effect % - A0 – A/A0 × 100% 

Where A0 is the absorbance at 530 nm of the control without sample, and A is the 

absorbance at 530 nm of the reaction mixture with sample.  
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5.7 Cytotoxicity (Sulforhodamine) SRB assay 

 RPMI 1640 medium (10% fetal bovine serum with 2mM L-glutamine) was 

used to grow the cell line (A549 - Human cancer cell line). 96-well microtiter plates 

with cells should be used. Incubate at 37ºC, CO2 (5%), air (95%) & relative humidity 

(100%) for 24 hours (add experimental drugs) – water solvent. Addition of drugs in 

different concentrations on plates. Incubate (48 hours) under normal conditions by 

adding cold TCA; the assay was terminated. Cells in situ (fixed) (10%, 30% TCA 

add). Again incubate (60 minutes) at 4ºC. Supernatant discarded. Plates washed (5 

times) with tap water and air dried. Each well received 1% acetic acid and 

sulphorhodamine solution, and the plates were incubated for 20 minutes. Unbound 

dye was removed upon staining, and any dye that was still present was removed five 

times in 1% acetic acid before being air-dried (Skehan et al., 1990; Vichi et al., 2006). 

Then, 10mM trizme base was used to elute the bound pigment. The plate reader 

measured the absorbance at a wavelength of 540 nm using a reference wavelength of 

690 nm. 

       The percentage increase in growth for test wells in compared to control wells 

was calculated on a plate-by-plate basis. By dividing the average absorbance of the 

test well by the average absorbance of the control wells and multiplying the result by 

100, the percentage of growth was obtained.  

To calculate the percentage growth at each of the four drug concentration levels, 

the six absorbance measurements (time zero (Tz), control growth (C), and test growth 

in the presence of the drug at the 4 levels of concentration (Ti)) were used. Calculating 

the percentage of growth inhibition was as: 

[Ti/C] x 100 % 

5.7.1 Assessment of cancer chemoprevention potential of ternary combination of 

black tea (BT), stevia and tulsi (O. grattissimum) combination against 

benzo(a)pyrene [B(a)P]-induced lung carcinogenesis in mice model  

5.7.2 Infusions preparation 

    Alone preparation: Black tea, Ocimum gratissimum – 0.1gm in 10ml distilled 

water (1%). Stevia rebaudiana (St) – 0.05gm in 10ml distilled water. 
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    Binary combination preparation: Black tea + Ocimum gratissimum (BTOG) – 

0.2gm in 10ml distilled water (2%). 

    Ternary combination preparation: BT (0.075gm) + OG (0.025gm) (3:1) – in 

10ml distilled water. BT (0.1gm) + St (0.05gm) – in 10ml distilled water, BT (0.1gm) 

+ OG (0.1gm) + St (0.05gm) – in 10ml distilled water. 

    5.7.2.2    Preparation of drug (benzopyrene) 

       Benzopyrene [B(a)P] (50mg/kg b.wt. dissolved in corn oil, orally) twice a week 

for 4 successive weeks to induce lung cancer by 16th week. 

    5.7.2.3    Care taken for animal ethical point of view 

       Mice were procured from Lala Lajpat Rai University of Veterinary and Animal 

Sciences Old campus, Hisar (Haryana). The animals were acclimatized for 15 days 

before the start of the experiment and provided with a standard diet and water. The 

chemopreventive effects of black tea (BT), Ocimum spp., and S. rebaudiana (St) alone 

or in combination with benzo(a)pyrene-induced lung tumorigenesis in mice were 

studied (Kamaraj et al., 2007; Ravichandran et al., 2011) by following preparation 

steps as shown below. 

  5.7.2.4 Preparation of mice experiment step by step: (anticancer study)  

A. Select the species of animal (mice/rat) and acclimatized the animal for 15 days before 

starting the experiment. 

B. After starting the experiment, firstly clean the cage of the mice. 

C. Put the fresh husk in the cage. 

D. Mice food.  

E. Measure the food weight (acc. to your protocol) before giving it to the mice.  

F. Prepare & measure the drink (acc. to your protocol). 

G. The drink is ready and filters through the funnel. 

H. Give a drink to the mice. 

I. Measure the weight of the mice. 

J. Prepare the drug (according to protocol) which will be given to the mice. 

K. Inject the drug into the mice through oral administration (Orally). 

L. After completing the experiment period cleaning the equipment is used in the 

dissection of mice. 

M. Preparing the alcohols and PBS and sterilizing them before using them in the 

dissection of mice. 
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N. Fix the body parts of mice like (feet & hands) with pins on a dissection pad. 

Start the dissection of mice. The organ part of the mice on which one must research 

and see the result, take it out of its body (lung, etc.). After completing the dissection, 

place the mice cages on the cage stand after cleaning them first as shown in Fig. 28.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Fig. 28: Preparation of mice experiment step by step 

5.7.2.5 Animal grouping 

The mice were divided into 8 groups with 6 mice in each group and a total of 

48 animals. All the mice except group I were given B(a)P (50mg/kg b.wt.) from the 

8th day, week (twice) for 4 successive weeks to induce lung cancer by the 16th week 

(Kamaraj et al., 2007; Ravichandran et al., 2011). The animals of groups I and II was 

supplied drinking water whereas of groups III, IV, V, VI, VII, and VIII were 

administered an aqueous infusion of black tea (BT, 1% w/v), O. gratissimum (OG, 1% 

w/v), Stevia rebaudiana (St, 0.05% w/v), BT (1% w/v) + St (0.05% w/v), BT + OG 

(1% w/v, 3:1) and [BT + OG] (1% w/v, 3:1) + St (0.05% w/v) respectively, 

throughout the study (16 weeks) as shown in Table 9.  
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Body weight, water and infusion consumption were monitored in mice of 

different groups. All animals were sacrificed after 16 weeks by using sodium 

pentobarbital (250 mg/kg, orally). We investigated the chemopreventive potential of 

black tea, tulsi, and stevia against benzo(a)pyrene [B(a)P]-induced lung 

carcinogenesis in mice. The design of the bioassay is shown in Table 9.  

 

  5.7.2.6 Design of bioassay 

  

                                  Fig. 29: The experimental design of mice treatment  

  

The design of the bioassay is in Fig. 29. The mice were divided into eight 

groups, with six mice in each group and a total of 48 mice. All the mice except group I 

were given B(a)P (50mg/kg b.wt.) from the 8th day, twice a week for 4 successive 

weeks, to induce lung cancer by the 16th week.  
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Table 9: Systematic representation of treatment regime (Feeding of 1% BT 

(black tea), 1% OG (O. gratissimum), 0.5% Stevia, and BT +OG + Stevia in 

drinking water). 

BT- Black Tea, OG – Ocimum gratissimum, St- Stevia rebaudiana, B(a) P: Benzo(alpha)pyrene.         

 

5.8 Histopathological analysis 

After sacrificing, mice lungs were removed and kept in ice cold phosphate 

buffer. Lungs were fixed in 10% buffered formalin, followed by histological 

sectioning, processing, and staining (with hematoxylin and eosin) for microscopic 

examination. 

 

5.9 Statistical analysis  

The results were presented as mean S.D. for readings taken in triplicate. 

The statistical comparison was performed by one-way ANNOVA followed by 

Tukey’s honestly significant difference test using SPSS software (version 18). If 

the p-values are 0.05 or less, the results were considered statistically significant. 

The interaction between binary combinations was calculated by combination 

index and isobologram using Compusyn software. EC50 of various infusions alone 

or in combination were calculated for radical scavenging ability (% inhibition), 

anti-lipid peroxidation activity, antigenotoxic potential, and antihemolytic activity 

applying Compusyn software (version 1.0). 

S.no. 

 

Groups Infusion or Water 

Administration 

(Throughout the study i.e. 

16 weeks) 

Treatment 

(From 8th day twice a 

week for 4 weeks) 

Number of 

Animals 

1. Group-I Water Corn oil (0.1 ml/10g 

b.wt.) 

6 

2. Group-II Water B(a)P (50mg/kg b.wt.) 6 

3. Group-III BT infusion (1% w/v) B(a)P (50mg/kg b.wt.) 6 

4. Group-IV OG infusion (1% w/v) B(a)P (50mg/kg b.wt.) 6 

5. Group-V St (0.05% w/v) B(a)P (50mg/kg b.wt.) 6 

6. Group-VI BT (1% w/v) + St (0.05% 

w/v) 

B(a)P (50mg/kg b.wt.) 6 

7. Group-

VII 

BT + OG (1% w/v, 3:1) B(a)P (50mg/kg b.wt.) 6 

8. Group-

VIII 

[BT + OG] (1% w/v, 3:1) 

+ St (0.05% w/v) 

B(a)P (50mg/kg b.wt.) 6 
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                                                      RESULTS 

6.1 Screening of radical scavenging, anti-lipid peroxidation and antihemolytic 

potential of the binary combination of black tea granules with three different 

species of Ocimum (Tulsi). 

6.1.1 DPPH (2,2-diphenyl-1-picrylhydrazyl) assay 

 It is used as a chemical model to determine the radical scavenging capability 

of plant extracts. The activities were measured in terms of EC50; the lower the EC50 

(µg/ml) higher is the antioxidant potential. It was observed that black tea (BT) showed 

the highest percentage inhibition with the lowest effective concentration (EC50 = 80.35 

μg/ml), followed by O. gratissimum (OG) (EC50 = 91.55 μg/ml), O. sanctum (OS) 

(EC50 = 147.58 μg/ml) and O. canum (OC) (EC50 = 202.055 μg/ml). While in 

combination, black tea with with OG demonstrated the maximum DPPH radical 

quenching potency and less effective concentration (EC50 = 96.49 μg/ml) than BT with 

OS (BTOS) (EC50 = 138.98 μg/ml) and BT with OC (BTOC) (EC50 = 212.41 μg/ml) 

as shown in Fig. 30 and Table 10. 

      

Fig. 30: DPPH scavenging activity of Black tea (BT), O. gratissimum (OG), O. sanctum (OS), O. 

canum (OC) and different infusion types. The data are shown as MEAN ± S.D of 3 independent 

tests (each with triplicates for each test point). EC50 defined as (Effective concentration causing 

50% scavenging activity). The dissimilar alphabets illustrated significant difference (p ≤ 0.05) 

among the EC50 of different infusion types. Values in parenthesis are arcsine transformed values; 

a-d represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 
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Table 10: EC50 values values Of DPPH scavenging activity of different types of 

infusions alone and in combination. 

Sample Extract   EC50 (µg/ml) 

BT 80.35a 

OG 91.55b 

OS 147.58c 

OC 202.05d 

BTOG 96.49b 

BTOS 138.98c 

BTOC 212.41e 

Values are represented as MEAN ± S.D, n = 3; replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity).  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among the EC50 of different infusion types- (BT – 

black tea, OG – O. gratissimum, OS – O. sanctum and  OC – O. canum, BTOG – black tea + O. gratissimum, BTOS – 

black tea + O. sanctum, BTOC – black tea + O. canum for an antioxidant parameter (DPPH – 2,2- diphenyl-1-picryl 

hydrazyl). Values in parenthesis are arcsine transformed values; a-d represents the levels of treatments: ‘a’ = 

highest effect and ‘e’ = less effect. 

 

6.1.2 ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) assay 

ABTS is a radical cation decolorization assay used as a model for the 

determination of antioxidant properties. The activities were measured in terms of 

EC50; the lower the EC50 (µg/ml) higher is the antioxidant potential. The highest 

percentage inhibition of radical scavenging efficacy of black tea alone and infusion 

was in the following order: BT (EC50 = 38.03μg/ml) > OG (EC50 = 44.87 μg/ml) > OS 

(EC50 = 139.50 μg/ml) > OC (EC50 = 139.97 μg/ml) whereas, in combination the 

highest activity was observed in BTOG infusion (EC50 = 47.45 μg/ml), > BTOS (EC50 

= 130.27 μg/ml) > BTOC (EC50 = 139.97 μg/ml) as shown in Fig. 31 and Table 11.            
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Fig. 31: ABTS scavenging activity of Black Tea and Basil species (O. gratissimum, O. sanctum and 

O. canum) and different infusion types. Values are represented as MEAN ± S.D (n = 3 replicates).  

Letters above a column followed by dissimilar letters above other columns are significantly 

different at p ≤ 0.05.  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among 

the EC50 of different infusion types. Values in parenthesis are arcsine transformed values; a-c 

represents the levels of treatments: ‘a’ = highest effect and ‘c’ = less effect. 

Table 11: EC50 values of ABTS scavenging activity of different infusions alone 

and in combination. 

Sample Extract EC50 (µg/ml) 

BT 38.03a 

OG 44.87a 

OS 139.50b 

OC 191.86c 

BTOG 47.45a 

BTOS 130.27b 

BTOC 139.97b 

Values are represented as MEAN ± S.D, n = 3; replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity).  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among the EC50 of different infusion types- (BT – 

black tea, OG – O. gratissimum, OS – O. sanctum and  OC – O. canum, BTOG – black tea + O. gratissimum, BTOS – black tea + 

O. sanctum, BTOC – black tea + O. canum for an antioxidant parameter (ABTS- 2,2’-azino-bis(ethylbenzthiazoline-6-sulfonic 

acid). Values in parenthesis are arcsine transformed values; a-c represents the levels of treatments: ‘a’ = highest 

effect and ‘c’ = less effect.  

          

6.1.3 Nitric Oxide Scavenging Activity (NO) assay 

To ascertain the free radical scavenging capacity of plant extracts, it serves as 

a chemical model. The activities were measured in terms of EC50; the lower the EC50 

(µg/ml), the higher the antioxidant potential. The percentage scavenging effect of BT 

showed maximum with the lowest EC50 value (EC50 = 43.3 μg/ml) as compared to OG 

(EC50 = 47.35 μg/ml), OS (EC50 = 145.11 μg/ml), OC (EC50 = 183.71 μg/ml). 

Although, BT along with OG combination (EC50 = 47.09 μg/ml) expressed more 

effect than BTOS (EC50 = 102.23 μg/ml), and BTOC (EC50 = 134.38 μg/ml) as shown 

in Fig. 32 and Table 12.        
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Fig. 32: NO scavenging activity of Black Tea and Basil species (O. gratissimum, O. sanctum and O. 

canum) and different infusion types. Values are represented as MEAN ± S.D (n = 3 replicates).  

Letters above a column followed by dissimilar letters above other columns are significantly 

different at p ≤ 0.05.  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among 

the EC50 of different infusion types. Values in parenthesis are arcsine transformed values; a-d 

represents the levels of treatments: ‘a’ = highest effect and ‘d’ = less effect. 

 Table 12: EC50 values of NO scavenging activity of infusions alone and in 

combination. 

Sample Extract EC50 (µg/ml) 

BT 43.30a 

OG 47.35a 

OS 145.11c 

OC 183.71d 

BTOG 47.09a 

BTOS 102.23b 

BTOC 134.38c 

Values are represented as MEAN ± S.D, n = 3; replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity).  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among the EC50 of different infusion types- (BT – 

black tea, OG – O. gratissimum, OS – O. sanctum and OC – O. canum, BTOG – black tea + O. gratissimum, BTOS – black tea + 

O. sanctum, BTOC – black tea + O. canum for an antioxidant parameter NO – nitric oxide scavenging activity). Values in 

parenthesis are arcsine transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘d’ = 

less effect. 
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6.1.4 Lipid Peroxidation Activity (LPO) assay 

 Free radicals "steal" electrons during the oxidative breakdown of 

polyunsaturated fatty acids with any number of carbon double bonds during lipid 

peroxidation, which results in membrane damage. The activities were measured in 

terms of EC50; the lower the EC50 (µg/ml), the higher the antioxidant potential. The 

maximum potency was seen in the aqueous extract of black tea's inhibitory effect 

against FeSO4-induced lipid peroxidation in chick liver with (EC50 = 50.34) μg/ml 

followed by OG (EC50 = 55.12 μg/ml), OS (EC50 = 136.21 μg/ml), OC (EC50 = 163.08 

μg/ml) respectively, while, BTOG infusion showed maximum anti-lipid peroxidation 

activity (EC50 = 55.24 μg/ml) followed by BTOS (EC50 = 97.63 μg/ml), BTOC (EC50 = 

111.8 μg/ml) as shown in Fig. 33 and Table 13.  

             

Fig. 33: LPO scavenging activity of Black Tea and Basil species (O. gratissimum, O. sanctum and 

O. canum) and different infusion types. Values are represented as MEAN ± S.D (n = 3 replicates).  

Letters above a column followed by dissimilar letters above other columns are significantly 

different at p ≤ 0.05.  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among 

the EC50 of different infusion types. Values in parenthesis are arcsine transformed values; a-e 

represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 
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Table 13: EC50 values of Lipid Peroxidation scavenging activity of different 

infusions alone and in combinations. 

Sample Extract EC50 (µg/ml) 

BT 50.34a 

OG 55.12a 

OS 136.21d 

OC 163.08e 

BTOG 55.24a 

BTOS 97.63b 

BTOC 111.80c 

Values are represented as MEAN ± S.D, n = 3; replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity).  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among the EC50 of different infusion types- (BT – 

black tea, OG – O. gratissimum, OS – O. sanctum and OC – O. canum, BTOG – black tea + O. gratissimum, BTOS – black tea + 

O. sanctum, BTOC – black tea + O. canum for an antioxidant parameter LPO – lipid peroxidation scavenging activity. Values in 

parenthesis are arcsine transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

 

 

6.1.5 Hemolysis assay 

This test looks for red blood cells that are weaker than usual. To estimate the 

free radical scavenging capacity of plant extracts; it serves as a chemical model. The 

activities were measured in terms of EC50; the lower the EC50 (µg/ml) higher is the 

antioxidant potential. The percentage scavenging effect of BT showed maximum with 

the lowest EC50 value (EC50 = 83.70 μg/ml) as compared to OG (EC50 = 89.38 μg/ml), 

OS (EC50 = 94.31 μg/ml), OC (EC50 = 146.10 μg/ml). Although, BT along with OG 

combination (EC50 = 98.00 μg/ml) expressed more effect than BTOS (EC50 = 162 

μg/ml), and BTOC (EC50 = 277 μg/ml) as shown in Fig. 34 and Table 14.         
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Fig. 34: Anti-haemolytic scavenging activity of Black Tea and Basil species (O. gratissimum, O. 

sanctum and O. canum) and different infusion types. Values are represented as MEAN ± S.D (n = 

3 replicates).  Letters above a column followed by dissimilar letters above other columns are 

significantly different at p ≤ 0.05.  The dissimilar alphabets illustrated significant difference (p ≤ 

0.05) among the EC50 of different infusion types. Values in parenthesis are arcsine transformed 

values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

Table 14: EC50 values of Anti-hemolytic scavenging activity of different infusions 

alone and in combinations. 

Sample Extract EC50 (µg/ml) 

BT 83.70a 

OG 89.38a 

OS 94.31b 

OC 146.10c 

BTOG 98b 

BTOS 162d 

BTOC 277e 

Values are represented as MEAN ± S.D, n = 3; replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity).  The dissimilar alphabets illustrated significant difference (p ≤ 0.05) among the EC50 of different infusion types- (BT – 

black tea, OG – O. gratissimum, OS – O. sanctum and OC – O. canum, BTOG – black tea + O. gratissimum, BTOS – black tea + 

O. sanctum, BTOC – black tea + O. canum for an antioxidant parameter anti - hemolytic scavenging activity. Values in 

parenthesis are arcsine transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

  

                             

6.2 Antioxidant interactions of Black Tea and its combination is done in two 

ways 

  6.2.1 Isobologram of various combinations in different assays   

        

 

  

 

 
                 (A)                  (B)                  (C) 
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Fig. 35: Isobolographic plot of Black Tea with O. gratissimum [BTOG (A)], Black Tea with O. 

sanctum [BTOS (B)], and Black Tea with O. canum [BTOC (C)] at 1:1 ratio in DPPH assay. It is a 

graphical representation used in pharmacology to analyze mixture effects. Dose A represents the 

EC50 (µg/ml) of BT in each graph and Dose B stands for the EC50 of OG or OS or OC. The 

straight line (additive line) is made by Dose A and B (EC50 value). If the square symbol lies below 

the line of additivity it indicates synergistic interaction. When it is plotted on this line, it shows an 

additive effect. If drawn above the line, it is directed towards antagonistic interaction.  

 

 

 

 

 

 

 

 Fig. 36: Isobolographic plot of Black tea BT with O. gratissimum [BTOG (D)], Black tea BT with 

O. sanctum [BTOS (E)], and Black tea BT with O. canum [BTOC (F)] at 1:1 ratio in ABTS assay. 

It is a graphical representation used in pharmacology to analyze mixture effects. Dose A 

represents the EC50 (µg/ml) of BT in each graph and Dose B stands for the EC50 of OG or OS or 

OC. The straight line (additive line) is made by Dose A and B (EC50 value). If the square symbol 

lies below the line of additivity it indicates synergistic interaction. When it is plotted on this line, 

it shows an additive effect. If drawn above the line, it is directed towards antagonistic interaction.  

  

 

 

 

 

 

 

 Fig. 37: Isobolographic plot of Black Tea with O. grattissimum [BTOG (G)], Black tea BT with O. 

sanctum [BTOS (H)], and Black tea BT with O. canum Sims [BTOC (I)] at 1:1 ratio in NO assay. 

                (D)                 (E)                  (F) 

                      (G)                   (H)                    (I) 
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It is a graphical representation used in pharmacology to analyze mixture effects. Dose A 

represents the EC50 (µg/ml) of BT in each graph and Dose B stands for the EC50 of OG or OS or 

OC. The straight line (additive line) is made by Dose A and B (EC50 value). If the square symbol 

lies below the line of additivity it indicates synergistic interaction. When it is plotted on this line, 

it shows an additive effect. If drawn above the line, it is directed towards antagonistic interaction. 

  

 

 

 

 

 

 

 Fig. 38: Isobolographic plot of Black Tea with O. gratissimum [BTOG (J)], Black tea BT with O. 

sanctum [BTOS (K)], and Black tea BT with O. canum [BTOC (L)] at 1:1 ratio in LPO assay. It is 

a graphical representation used in pharmacology to analyze mixture effects. Dose A represents 

the EC50 (µg/ml) of BT in each graph and Dose B stands for the EC50 of OG or OS or OC. The 

straight line (additive line) is made by Dose A and B (EC50 value). If the square symbol lies below 

the line of additivity it indicates synergistic interaction. When it is plotted on this line, it shows an 

additive effect. If drawn above the line, it is directed towards antagonistic interaction. 

 

 

 

 

 

 

 

Fig. 39: Isobolographic plot of Black Tea with O. grattissimum [BTOG (M)], Black tea with O. 

sanctum [BTOS (N)], and Black tea with O. canum [BTOC (O)] at 1:1 ratio in Hemolytic assay.  It 

is a graphical representation used in pharmacology to analyze mixture effects. Dose A represents 

the EC50 (µg/ml) of BT in each graph and Dose B stands for the EC50 of OG or OS or OC. The 

                (J)                 (K)                 (L) 

                (M)                     (N)                     (O) 
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straight line (additive line) is made by Dose A and B (EC50 value). If the square symbol lies below 

the line of additivity it indicates synergistic interaction. When it is plotted on this line, it shows an 

additive effect. If drawn above the line, it is directed towards antagonistic interaction.  

7.2.2 Polygonogram of various combinations in different assays 

In the DPPH test, BTOG (CI=1.13) showed nearly additive (green line, less 

thickness), BTOS (CI=1.35) - moderate antagonism (red line, more thickness), and 

BTOC (CI=1.84) – antagonism (red line, more thickness) at EC50 as shown in Fig. 40 

and Table 15. 

BTOG (CI=1.13) displayed also slight antagonism (red line, less thickness), 

BTOS (CI=2.18) – moderate (red line, more thickness), and BTOC (CI=2.21) – 

antagonism interaction (red line, more thickness) in the ABTS model at EC50. In the 

NO test, BTOG (CI=1.04) showed nearly additive (green line, less thickness), BTOS 

(CI=1.54) – antagonism (red line, more thickness), and BTOC (CI=1.84) - antagonism 

interaction (red line, more thickness). For lipid peroxidation, nearly additive 

interaction (green line, less thickness) was found in BTOG (CI=1.06), moderate 

antagonism (red line, more thickness) in BTOS (CI=1.32), and strong antagonism 

interaction (red line, more thickness) was found in BTOC (CI=1.47). Whereas, in the 

anti-hemolytic test, BTOG (CI=1.06) expressed nearly additive (green line, less 

thickness), BTOS (CI=1.45) – moderate antagonism (red line, less thickness), and 

BTOC (CI=2.59) – antagonism interaction (red line, more thickness) respectively as 

depicted as shown in Fig. 40 and Table 15. 
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 Fig. 40: Polygonogram representation of Black Tea with O. grattissimum (BTOG), Black tea with 

O. sanctum (BTOS), and Black tea with O. canum Sims (BTOC) at 1:1 ratio in DPPH (P), ABTS 

(Q), NO (R), LPO (S) & hemolytic assay (T).  

6.2.3 Phytochemical analysis of Black Tea (BT), O. gratissimum (OG), O. sanctum 

(OS) and O. canum (OC) 

6.2.3.1 Estimation of phenolic compounds 

OG contained a high amount of phenolic content 166.44 (mg/100 ml) GAE as 

compared to (OS) – 131.55 (mg/100ml) GAE, BT – 112.72 (mg/100ml) GAE and OC 

– 34.55 (mg/100ml) GAE, respectively.  

BTOG expressed a maximum quantity of phenolic compounds 252.38 

(mg/100ml) GAE than BTOS – 207.83 (mg/100ml) GAE, and BTOC - 201.61 

(mg/100ml) GAE as depicted in Fig’s. 39(a), (b) and Table 16. 

 

Fig. 41: (a) Standard calibration curve of gallic acid is measured by GAE (gallic acid equivalent) 

                    S               T 
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Fig. 41: (b) TPC of Black Tea (BT), O. gratissimum (OG), O. sanctum (OS), and O. canum (OC) 

and different infusion types. Values are represented as MEAN ± S.D (n = 3 replicates).  The 

dissimilar alphabets illustrated significant difference (p ≤ 0.05). Values in parenthesis are arcsine 

transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less 

effect. 

Table 15: Antioxidant activity and type of interaction of Black Tea and Ocimum 

spp. (O. gratissimum, O. sanctum, and O. canum) in various assays. 

Assay Binary 

combinations 

EC50 (μg/ml) CI at 

EC50 

Type of 

interaction 

DPPH BTOG 95±3.78a 1.08 Nearly additive 

BTOS 139±7.88b 1.35 Moderate 

antagonism 

BTOC 210±5.21c 1.84 Antagonism 

ABTS BTOG 46±1.81a 1.03 Nearly additive 

 

BTOS 129±5.69b 

 

2.18 

 

Antagonism 

BTOC 140±5.22c 2.21 Antagonism 

NO BTOG 48±2.77a 1.04 Nearly additive 

BTOS 105±7.84b 1.54 Antagonism 

BTOC 131±10.97c 1.84 Antagonism 
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LPO BTOG 55±2.88a 1.06 Nearly additive 

BTOS 

 

97±5.43b 

 

1.32 

 

Moderate 

Antagonism 

BTOC 113±5.50c 1.47 Antagonism 

Anti-

hemolytic 

activity 

BTOG 98±4.16a 1.06 Nearly additive 

BTOS 162±8.70b 1.45 Moderate 

Antagonism 

BTOC 277±16.14c 2.59 Antagonism 

Values are represented as MEAN ± S.D; n = 3 replicates. Different alphabets on the column show a significant difference (p ≤ 

0.05) between different infusions (BT-Black Tea, OG-O. gratissimum, OS-O. sanctum, and OC-O. canum. BTOG- Black Tea + 

O. gratissimum, BTOS- Black Tea + O. sanctum, BTOC- Black Tea + O. canum) for an antioxidant parameter (DPPH, ABTS, 

NO and LPO). Values in parenthesis are arcsine transformed values; a-c represents the levels of treatments: ‘a’ = highest effect 

and ‘c’ = less effect. EC50 defined as (Effective concentration causing 50% scavenging activity); CI (Combination index). The 

range of CI value from 0.90–1.10 indicates (nearly additive), 1.20–1.45 (moderate antagonism), and 1.45–3.3 (antagonism). 

 

Table 16: The total phenolic concentration was identified in various aqueous 

infusions of black tea (BT), O. gratissimum (OG), O. sanctum (OS), and O. canum 

(OC), both individually and in combination. 

Sample Extract Total Phenolic Content 

(mg GAE/g) per 100ml 

BT 112.72 ± 6.99b 

OG 166.44 ± 3.29c 

OS 131.55 ± 8.32b 

OC 34.55 ± 2.82a 

BTOG 252.38 ± 9.02e 

BTOS 207.83 ± 8.72d 

BTOC 201.61 ± 7.93d 

Values are represented as MEAN ± S.D; n = 3 replicates. Different alphabets on the column show a significant difference (p ≤ 

0.05) between different infusions for the determination of phenolic content (BT-Black Tea, OG-O. gratissimum, OS-O. sanctum, 

and OC-O. canum. BTOG- Black Tea + O. gratissimum, BTOS- Black Tea + O. sanctum, BTOC- Black Tea + O. canum). 

Values in parenthesis are arcsine transformed values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less 

effect. 
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6.2.3.2 Estimation of flavonoid compounds 

  BT contained a high amount of flavonoid content 80.45 (mg/100 ml) QAE as 

compared to OG – 34.66 (mg/100ml) QAE, OS – 32.57 (mg/100ml) QAE, and OC – 

11.32 (mg/100ml) QAE, respectively. 

 BTOG expressed a maximum quantity of flavonoid 199.28 (mg/100ml) QAE 

than BTOS – 140.94 (mg/100ml) QAE, and BTOC - 88.87 (mg/100ml) QAE as 

depicted in Fig’s. 42(a), (b) and Table 17. 

 

 Fig. 42: (a) Standard calibration curve of quercetin measured by QE (quercetin 

equivalent) 

 

 

Fig. 42: (b) TFC of Black Tea (BT), O. gratissimum (OG), O. sanctum (OS), and O. canum (OC) 

and different infusion types. Values are represented as MEAN ± S.D (n = 3 replicates).  The 

dissimilar alphabets illustrated significant difference (p ≤ 0.05). Values in parenthesis are arcsine 
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transformed values; a-f represents the levels of treatments: ‘a’ = highest effect and ‘f’ = less 

effect. 

 Table 17:  The total Flavonoid content was identified in various aqueous 

infusions of black tea (BT), O. gratissimum (OG), O. sanctum (OS), and O. canum 

(OC), both individually and in combination. 

Samples Total Flavonoid Content 

(mg QAE/g) per 100ml 

BT                80.45 ± 0.16a 

OG                34.66 ± 0.26b 

OS                32.57 ± 0.26b 

OC                11.32 ± 0.40c 

BTOG                 199.28 ± 0.19d 

BTOS                 140.94 ± 0.40e 

BTOC                 88.87 ± 0.30f 

Values are represented as MEAN ± S.D; n = 3 replicates. Different alphabets on the column show a significant difference (p ≤ 

0.05) between different infusions for the determination of flavonoid content - (BT-Black Tea, OG-O. gratissimum, OS-O. 

sanctum, and OC-O. canum. BTOG- Black Tea + O. gratissimum, BTOS- Black Tea + O. sanctum, BTOC- Black Tea + O. 

canum). Values in parenthesis are arcsine transformed values; a-f represents the levels of treatments: ‘a’ = highest effect and ‘f’ = 

less effect. 

  

Table 18: Correlation between phenolic level and EC50 values of aqueous 

infusions, both alone and in combination. 

Values are represented as MEAN ± S.D, n = 3 replicates. Different alphabetical letters showed significant differences (P ≤ 0.05) 

between different infusions of BT – Black Tea, OG – O. gratissimum, OS – O. sanctum, OC – O. canum. BTOG – Black Tea + 

O. gratissimum, BTOS – Black Tea + O. sanctum, BTOC – Black Tea + O. canum for looking into correlation of phenolics with 

EC50 values of DPPH, NO, LPO and Anti-hemolysis. (TPC – Total Phenolic Content, DPPH – 2,2 – diphenyl 1-1, picryl 

hydrazyl, ABTS - 2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid, NO – Nitric Oxide scavenging activity, LPO – Lipid 

Peroxidation scavenging activity).  

SAMPLE 

EXTRACT 

TPC DPPH correlation ABTS correlation NO correlation LPO correlation Anti -

haemolysis 

correlation 

BT 112.72 79.54  37.86  43.97  50.48  83  

OG 166.44 89.93 -0.798 45.53 -0.752 49.21 -0.697 54.48 -0.704 89 -0.881 

OS 131.55 147.24  138.47  152.52  136.49  94  

OC 34.55 207.92  192.99  186.19  164.97  146  

BTOG  252.38 47.83  23.45  24.31  27.86  98  

BTOS 207.83 69.72 -0.853 64.86 -0.999 52.69 -0.980 48.61 -0.986 162 -0.839 

BTOC 201.61 105.35  70.03  65.68  56.87  277  
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A correlation between phenolic or flavonoid with EC50 of antioxidant assays (DPPH, 

ABTS, NO, and LPO) was expressed with Pearson’s correlation coefficient (r). A high 

negative correlation was found between EC50 and total phenolic content [hemolysis (r 

= -0.881), DPPH (r = -0.789), ABTS (r = -0.752), LPO (r = -0.704), NO (r = -0.697)] 

or flavonoid content [DPPH (r = -0.810), ABTS (r = -0.789), NO (r = -0.768), LPO (r 

= -0.769) and hemolysis (r = -0.750)] for individual infusions. 

Table 19: Correlation between flavonoid level and EC50 values of aqueous 

infusions, both alone and in combination. 

Values are represented as MEAN ± S.D, n = 3 replicates. Different alphabetical letters showed significant differences (P ≤ 0.05) 

between different infusions of BT – Black Tea, OG – O. gratissimum, OS – O. sanctum, OC – O. canum. BTOG – Black Tea + 

O. gratissimum, BTOS – Black Tea + O. sanctum, BTOC – Black Tea + O. canum for looking into correlation of flavonoids with 

EC50 values of DPPH, NO, LPO and Anti-hemolysis. (TPC – Total Flavonoid Content, DPPH – 2,2 – diphenyl 1-1, picryl 

hydrazyl, ABTS - 2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid, NO – Nitric Oxide scavenging activity, LPO – Lipid 

Peroxidation scavenging activity).  

Similarly, a strong and negative correlation was found (BTOG, BTOS, and 

BTOC) between EC50 and total phenolic content [ABTS (r = -0.999), NO (r = -0.980), 

LPO (r = -0.986), hemolysis (r= -0.839), and DPPH (r = -0.853)] or total flavonoid 

content [DPPH (r = -0.985),  NO (r = -0.984), LPO (r = -0.977), hemolysis (r = -

0.980), and ABTS (r = -0.925)] in binary combinations, respectively as illustrated in  

Table 18 and 19. These results indicated that the antioxidant activity of black tea (BT) 

and different Ocimum spp. (O. gratissimum, O. sanctum and O. canum) alone or in 

binary combinations (BTOG, BTOS, and BTOC) are highly contributed by phenolics 

or flavonoids. 

 

 

SAMPLE 

EXTRACT 

TFC DPPH correlation ABTS correlation NO correlation LPO correlation Anti-

hemolysis 

correlation 

BT 80.84 79.54  37.86  43.97  50.48  83  

OG 34.66 89.93 -0.810 45.53 -0.789 49.21 -0.768 54.48 -0.769 89 -0.750 

OS 32.57 147.24  138.47  152.52  136.49  94  

OC 11.32 207.92  192.99  186.19  164.97  146  

BTOG  199.28 47.83  23.45  24.31  27.86  98  

BTOS 140.94 69.72 -0.985 64.86 -0.925 52.69 -0.984 48.61 -0.977 162 -0.980 

BTOC 88.87 105.35  70.03  65.68  56.87  277  
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Table 20: Antioxidant potential of individual and combined infusion in 

comparison to Black Tea. 

Values are represented as MEAN ± S.D, n = 3replicates. Different alphabetical letters on the column showed significant 

differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. gratissimum, OS – O. sanctum, OCS – O. canum. 

BTOG – Black Tea + O. gratissimum, BTOS – Black Tea + O. sanctum, BTOC– Black Tea + O. canum for the determination of 

antioxidant potential via different parameters of various infusion types in alone and in combination such as  (DPPH – 2,2 – 

diphenyl 1-1, picryl hydrazyl, ABTS - 2,2’-azino-bis(ethylbenzthiazoline-6-sulfonic acid, NO – Nitric Oxide scavenging activity, 

LPO – Lipid Peroxidation scavenging activity). Values in parenthesis are arcsine transformed values; a-f represents the levels of 

treatments: ‘a’ = highest effect and ‘f ’ = less effect. 

 

        Interestingly, the addition of O. gratissimum to black tea substantially enhanced 

the antioxidant capability (71.05%) but supplementation of O. sanctum demonstrated 

a decline in overall scavenging activity (10.00%). However, tea (38.11%). While, 

BTOG combination displayed nearly additive interaction in various antioxidant assays 

whereas BTOS exhibited moderate antagonism to antagonism, and BTOC showed 

antagonism in all studied antioxidant parameters as illustrated in Fig’s. 33, 34, 35, 36, 

37, 38 and Table 15.  

 

 

Infu

sion 

type 

% Change 

in 

DPPH 

activity 

% Change in 

ABTS 

activity 

% Change in 

NO activity 

 

% Change in 

LPO activity 

 

% Change 

in anti- 

haemolytic 

activity 

The average 

change in 

scavenging 

activity 

BT - - - - - - 

OG 12.03±0.76a 

(-) 

16.03±1.00a (-) 19.00±5.78a (-) 7.46±1.60a (-) 8.33±1.52a (-) 12.57±4.94 (-) 

OS 46.30±0.65b 

(-) 

72.66±0.75b (-) 73.66±1.92b (-) 61.13±0.25b (-) 14.00±3.00b 

(+) 

47.60±24.72 (-) 

OC 61.00±0.91c 

(-) 

80.33±0.05c (-) 79.00±0.36c (-) 69.50±0.85c (-) 44.33±1.52c (-) 69.95±14.93 (-) 

BTO

G 

68.50±4.67d 

(+) 

61.56±5.60d 

(+) 

68.50±17.17d (+) 88.36±16.69d 

(+) 

68.33±6.02d 

(+) 

71.05±10.12 (+) 

BTO

S 

14.66±1.10e 

(+) 

41.73±1.35e (-) 28.20±0.70e (-) 3.33±0.76e (+) 2.66±1.52e (+) 10.00±16.79 (-) 

BTO

C 

24.33±2.02f 

(-) 

46.20±0.75f (-) 42.56±2.85f (-) 37.16±44.40f (-

) 

40.33±0.57f (-) 38.11±8.38 (-) 
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   Fig. 43: Systematic diagram of preliminary screening of Black Tea and its best combination 

The supplementation of O. gratissimum to Black Tea enhanced the radical 

quenching ability from 68% to 88% in various antioxidant assays performed. The 

binary combination of Black Tea and O. gratissimum was found to be the best among 

the studied pairs in terms of antioxidant potential as shown in Fig. 43. 
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6.3 Determining the effect of their proportion on antioxidant and antigenotoxic 

potential of most active black tea and O. gratissimum combination. 

6.3.1 DPPH assay 

 It was observed that black tea contained significantly higher antioxidant 

potency with less EC50: 78.23 µg/ml than O. gratissimum (EC50: 93.35 µg/ml), 

respectively. 

The effect of antioxidant potency between BT and OG combination in different 

ratios 

The maximum antioxidant potential was noted in 3:1- 89.13 and 1:2 - 91.43 

µg/ml, followed by 1:1 - 93.24 µg/ml, 1:3- 106.96 µg/ml) and 2:1 - 91.72 µg/ml, 

respectively shown in Fig. 44 and Table 21. 

. 

 

Fig. 44: DPPH scavenging activity of Black Tea (BT) and O. gratissimum (OG) infusions in a 

different ratio. EC50 (Effective concentration showing 50% scavenging activity); Values are 

represented as MEAN± S.D of 3 replicates). Different alphabets on the histogram columns depicts 

significant difference at p ≤ 0.05 among the different infusions of BT and OG with respect to 

DPPH activity. Values in parenthesis are arcsine transformed values; a-e represents the levels of 

treatments: ‘a’ = highest effect and ‘e’ = less effect. 
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Table 21: EC50 values of DPPH scavenging activity of black tea (BT) and O. 

gratissimum (OG) infusions in different ratios. 

Sample Extract   EC50 (µg/ml) 

BT 78.23c 

OG 93.35a 

BTOG (1:1) 93.24a 

BTOG (1:2) 91.43a,b 

BTOG (1:3) 106.96d 

BTOG (2:1) 91.72a,b 

BTOG (3:1) 89.13a 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity. Same alphabets showed insignificant differences (P ≤ 0.05) between different infusions of BT – Black Tea, OG – O. 

gratissimum, BTOG – Black Tea + O. gratissimum. Different alphabets showed significant differences (P ≤ 0.05) between 

different infusions BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. gratissimum for an antioxidant parameter 

(DPPH – 2,2 diphenyl 1,1 picryl hydrazyl) in different ratios. Values in parenthesis are arcsine transformed values; a-d represents 

the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

  

6.3.2 ABTS assay 

 It was noted that black tea contained significantly higher antioxidant potency 

with less EC50: 44.37 µg/ml than O. gratissimum (EC50: 56.70 µg/ml), respectively. 

The effect of antioxidant potency between BT and OG combination in different 

ratios 

  The maximum antioxidant potential was noted in 3:1 - 51.13 and 1:2 - 55.11 

µg/ml, followed by 1:1 - 59.58 µg/ml, 1:3 - 60.51 µg/ml, and 2:1- 57.59 µg/ml, 

respectively as shown in Fig. 45 and Table 22. 
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 Fig. 45: ABTS scavenging activity of Black Tea (BT) and O. gratissimum (OG) infusions in a 

different ratio. EC50 (Effective concentration showing 50% scavenging activity); Values are 

represented as MEAN± S.D of 3 replicates). Different alphabets on the histogram columns depicts 

significant difference at p ≤ 0.05 among the different infusions of BT and OG with respect to 

DPPH activity. Values in parenthesis are arcsine transformed values; a-e represents the levels of 

treatments: ‘a’ = highest effect and ‘e’ = less effect. 

 

 Table 22: EC50 values of ABTS scavenging activity of black tea (BT) and O. 

gratissimum (OG) infusions in different ratios. 

Sample Extract   EC50 (µg/ml) 

BT 44.37a 

OG 56.70a,d 

BTOG (3:1) 51.13b 

BTOG (2:1) 57.59c,d,e 

BTOG (1:1) 59.58d,e 

BTOG (1:2) 55.11c 

BTOG (1:3) 60.51e 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity. Same alphabets showed insignificant differences (P ≤ 0.05) between different infusions of BT – Black Tea, OG – O. 

gratissimum, BTOG – Black Tea + O. gratissimum. Different alphabets showed significant differences (P ≤ 0.05) between 

different infusions BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. gratissimum for an antioxidant parameter 

(ABTS- 2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid) in different ratios. Values in parenthesis are arcsine transformed 

values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 
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6.3.3 NO assay 

  Black tea contained significantly higher antioxidant activity with lower 

effective concentration (EC50: 48.35 µg/ml) than O. gratissimum (EC50: 50.61 µg/ml), 

respectively. 

The effect of antioxidant potency between BT and OG combination in different 

ratios 

The maximum antioxidant capability was reported in 3:1- 47.99 µg/ml and 1:2 

– 46.36 µg/ml then 1:1- 55.77 µg/ml, 1:3- 84.35 µg/ml and 2:1- 49.96 µg/ml, 

respectively as shown in Fig. 46 and Table 23. 

 

Fig. 46: NO scavenging activity of Black Tea (BT) and O. gratissimum (OG) infusions in a 

different ratio. EC50 (Effective concentration showing 50% scavenging activity); Values are 

represented as MEAN± S.D of 3 replicates). Different alphabets on the histogram columns depicts 

significant difference at p ≤ 0.05 among the different infusions of BT and OG with respect to 

DPPH activity. Values in parenthesis are arcsine transformed values; a-b represents the levels of 

treatments: ‘a’ = highest effect and ‘b’ = less effect. 
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Table 23: EC50 values of NO scavenging activity of black tea (BT) and O. 

gratissimum (OG) infusions in different ratios. 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity. Same alphabets showed insignificant differences (P ≤ 0.05) between different infusions of BT – Black Tea, OG – O. 

gratissimum, BTOG – Black Tea + O. gratissimum. Different alphabets showed significant differences (P ≤ 0.05) between 

different infusions BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. gratissimum for an antioxidant parameter 

(NO – Nitric Oxide scavenging activity) in different ratios. Values in parenthesis are arcsine transformed values; a-b represents 

the levels of treatments: ‘a’ = highest effect and ‘b’ = less effect. 

 

 

6.3.4 LPO assay 

Black tea contained significantly higher antioxidant activity with increased 

concentration (EC50: 43.81 µg/ml) than O. gratissimum (EC50: 49.28 µg/ml) 

respectively. 

The effect of antioxidant potency between BT and OG combination in different 

ratios: 

The maximum antioxidant capability was reported in 3:1 (43.62 µg/ml) and 

1:2 – (50.13 µg/ml), followed by 1:1- (55.35 µg/ml), 1:3- (43.62 µg/ml) and 2:1- 

(46.72 µg/ml), respectively as shown in Fig. 47 and Table 24.    

Sample Extract   EC50 (µg/ml) 

BT 48.95a 

OG 50.61a,b 

BTOG (3:1) 47.99a 

BTOG (2:1) 49.96a 

BTOG (1:1) 55.77b 

BTOG (1:2) 49.96a 

BTOG (1:3) 47.99a 
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Fig. 47: LPO scavenging activity of Black Tea (BT) and O. gratissimum (OG) infusions in a 

different ratio. EC50 (Effective concentration showing 50% scavenging activity); Values are 

represented as MEAN± S.D of 3 replicates. Different alphabets on the histogram columns depicts 

significant difference at p ≤ 0.05 among the different infusions of BT and OG with respect to 

DPPH activity. Values in parenthesis are arcsine transformed values; a-d represents the levels of 

treatments: ‘a’ = highest effect and ‘e’ = less effect.        

Table 24: EC50 values of lipid peroxidation scavenging activity of black tea (BT) 

and O. gratissimum (OG) infusions in different ratios. 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity. Same alphabets showed insignificant differences (P ≤ 0.05) between different infusions of BT – Black Tea, OG – O. 

gratissimum, BTOG – Black Tea + O. gratissimum. Different alphabets showed significant differences (P ≤ 0.05) between 

different infusions BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. gratissimum for an antioxidant parameter 

(LPO – lipid peroxidation scavenging activity) in different ratios. Values in parenthesis are arcsine transformed values; a-d 

represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

 
 

 

 

 

 

 

 

Sample Extract   EC50 (µg/ml) 

BT 43.81a 

OG 49.28b 

BTOG (3:1) 43.62c 

BTOG (2:1) 46.72d 

BTOG (1:1) 55.35c 

BTOG (1:2) 50.13b 

BTOG (1:3) 43.62a 



115 
 

6.3.5 Hemolysis 

 Black tea confined more antioxidant activity with increased concentration 

(EC50: 36.03 µg/ml) than O. gratissimum (EC50: 39.10 µg/ml), respectively. 

The effect of antioxidant potency between BT and OG combination in different 

ratios 

The maximum antioxidant capability was reported in 3:1 (36.72 µg/ml) and 

1:2 – (37.67 µg/ml), followed by 1:1- (44.30 µg/ml), 1:3- (45.06 µg/ml) and 2:1- 

(39.55 µg/ml), respectively as depicted in Fig. 48 and Table 25. 

       

Fig. 48: Antihemolytic scavenging activity of Black Tea (BT) and O. gratissimum (OG) infusions 

in a different ratio. EC50 (Effective concentration showing 50% scavenging activity); Values are 

represented as MEAN± S.D of 3 replicates. Different alphabets on the histogram columns depicts 

significant difference at p ≤ 0.05 among the different infusions of BT and OG with respect to 

DPPH activity. Values in parenthesis are arcsine transformed values; a-b represents the levels of 

treatments: ‘a’ = highest effect and ‘b’ = less effect. 
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Table 25: EC50 values of anti-hemolytic scavenging activity of black tea (BT) and 

O. gratissimum (OG) infusions in different ratios. 

Sample Extract   EC50 (µg/ml) 

BT 36.03a 

OG 39.10a 

BTOG (3:1) 36.72a 

BTOG (2:1) 39.55a 

BTOG (1:1) 44.30b 

BTOG (1:2) 37.67a 

BTOG (1:3) 45.06b 

BTOG (1:3) 45.06b 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 indicates (Effective concentration causing 50% scavenging 

activity. Same alphabets showed insignificant differences (P ≤ 0.05) between different infusions of BT – Black Tea, OG – O. 

gratissimum, BTOG – Black Tea + O. gratissimum. Different alphabets showed significant differences (P ≤ 0.05) between 

different infusions BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. gratissimum for an antioxidant parameter 

(Anti- hemolytic scavenging activity) in different ratios. Values in parenthesis are arcsine transformed values; a-d represents the 

levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

 

Table 26: The radical quenching capability of individual and combined infusion 

(BTOG) in different ratios (3:1, 2:1, 1:1, 1:2, and 1:3) in comparison of Black 

Tea. 

Infusion 

type 

% Change in 

DPPH activity 

% Change in 

ABTS activity 

% Change in 

NO activity 

% Change in 

LPO activity 

% Change in 

anti-hemolytic 

activity 

% Average 

change in 

scavenging 

activity 

BT        -       -      -       -      -          - 

OG 17.34±1.41b(-) 23.29±3.96b(-) 7.01±3.99a(-) 11.09±0.68a(-) 10.30±2.16a(-) 13.80±2.44(-) 

BTOG 

(1:1) 

66.64±1.41a(+) 50.05±5.30a(+) 69.09±8.49b(+) 59.55±3.96b(+) 62.74±9.31b(+) 61.61±5.69(+) 

BTOG 

(1:2) 

69.18±2.37a(+) 62.31±6.39c(+) 104.76±8.48c(+) 86.90±1.95c(+) 87.67±2.20c(+) 82.16±4.27(+) 

BTOG 

(1:3) 

45.04±1.80c(+) 48.96±7.86d(+) 13.39±1.59d(+) 56.94±2.62b(+) 64.31±16.21b(+) 45.72±6.01(+) 

BTOG 

(2:1) 

68.64±1.23a(+) 51.94±3.53a(+) 92.52±1.41e(+) 75.06±0.53d(+) 79.88±4.73d(+) 73.60±2.28(+) 

BTOG 

(3:1) 

74.10±2.07d(+) 71.83±3.05e(+) 103.28±3.25c(+) 96.63±7.71e(+) 93.81±5.74e(+) 87.93±4.36(+) 
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Values are represented as MEAN ± S.D; n = 3 replicates. Different alphabetical letters on the column showed significant 

differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. gratissimum. BTOG – Black Tea + O. gratissimum 

in different ratios (1:1, 1:2, 1:3, 2:1, and 3:1) for the determination of antioxidant potential via different parameters of various 

infusion types in alone and in combination such as (DPPH – 2,2 – diphenyl 1-1, picryl hydrazyl, ABTS - 2,2’-azino-

bis(ethylbenzthiazoline-6-sulfonic acid, NO – Nitric Oxide scavenging activity, LPO – Lipid Peroxidation scavenging activity). 

Values in parenthesis are arcsine transformed values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less 

effect. 

6.4 Antioxidant interactions between Black Tea (BT) and O. grattissimum (OG) 

were done by the Combination index (CI), Isobologram, and Polygonogram 

6.4.1 Isobologram of Black Tea with O. gratissimum in five different ratios 

 

 

 

 

 Fig. 49: Isobologram plots showing interaction between Black tea (BT) and O. gratissimum (OG); 

having different combination in ratio (1:1, 1:2, 1:3, 2:1, and 3:1) for BT and OG respectively for 

DPPH scavenging activity (A-E). Dose A represents the EC50 (µg/ml) of BT in the graph and Dose 

B stands for the EC50 of OG. The straight line (additive line) is made by dose A and B (EC50 

value). If the square symbol lies below the line of additivity it indicates synergistic interaction. 

When it is plotted on this line, it shows an additive effect. If drawn above the line, it is directed 

toward antagonistic interaction. The data are shown as MEAN ± S.D for 3 independent 

experiments (each with three replicates of each test point). 
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Fig. 50: Isobologram plots showing interaction between Black tea (BT) and O. gratissimum (OG); 

having different combination in ratio (1:1, 1:2, 1:3, 2:1, and 3:1) for BT and OG respectively for 

ABTS scavenging activity (F-J). Dose A represents the EC50 (µg/ml) of BT in the graph and Dose 

B stands for the EC50 of OG. The straight line (additive line) is made by dose A and B (EC50 

value). If the square symbol lies below the line of additivity it indicates synergistic interaction. 

When it is plotted on this line, it shows an additive effect. If drawn above the line, it is directed 

toward antagonistic interaction. The data are shown as MEAN ± S.D for 3 independent 

experiments (each with three replicates of each test point). 
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Fig. 51: Isobologram plots showing interaction between Black tea (BT) and O. gratissimum (OG); 

having different combination in ratio (1:1, 1:2, 1:3, 2:1, and 3:1) for BT and OG respectively for 

NO scavenging activity (K-O). Dose A represents the EC50 (µg/ml) of BT in the graph and Dose B 

stands for the EC50 of OG. The straight line (additive line) is made by dose A and B (EC50 value). 

If the square symbol lies below the line of additivity it indicates synergistic interaction. When it is 

plotted on this line, it shows an additive effect. If drawn above the line, it is directed toward 

antagonistic interaction. The data are shown as MEAN ± S.D for 3 independent experiments 

(each with three replicates of each test point). 
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Fig. 52: Isobologram plots showing interaction between Black tea (BT) and O. gratissimum (OG); 

having different combination in ratio (1:1, 1:2, 1:3, 2:1, and 3:1) for BT and OG respectively for 

LPO scavenging activity (P-T). Dose A represents the EC50 (µg/ml) of BT in the graph and Dose B 

stands for the EC50 of OG. The straight line (additive line) is made by dose A and B (EC50 value). 

If the square symbol lies below the line of additivity it indicates synergistic interaction. When it is 

plotted on this line, it shows an additive effect. If drawn above the line, it is directed toward 

antagonistic interaction. The data are shown as MEAN ± S.D for 3 independent experiments 

(each with three replicates of each test point). 
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 Fig. 53: Isobologram plots showing interaction between Black tea (BT) and O. gratissimum (OG); 

having different combination in ratio (1:1, 1:2, 1:3, 2:1, and 3:1) for BT and OG respectively for 

Antihemolytic activity (U-Y). Dose A represents the EC50 (µg/ml) of BT in the graph and Dose B 

stands for the EC50 of OG. The straight line (additive line) is made by dose A and B (EC50 value). 

If the square symbol lies below the line of additivity it indicates synergistic interaction. When it is 

plotted on this line, it shows an additive effect. If drawn above the line, it is directed toward 

antagonistic interaction. The data are shown as MEAN ± S.D for 3 independent experiments 

(each with three replicates of each test point). 
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6.4.2 Polygonogram plot of combined Black Tea and O. gratissimum sample tea 

extract in five different proportions (3:1, 2:1, 1:1, 1:2, and 1:3) at various 

antioxidant assays. 

 

  

                                                                              

                                                                                                                      

 

  

 

 

 

 

                                                                                                                                    

Fig. 54: Polygonogram demonstrating the antioxidant interactions (Additive, Antagonistic and 

Synergistic) between the black tea and O. gratissimum respectively, while combining them in 

different ratios (3:1, 2:1, 1:1, 1:2, and 1:3) for (A) DPPH (B) ABTS (C) NO (D) LPO and (E) 

Haemolysis. The data are shown as MEAN ± S.D for 3 independent experiments (each with three 

replicates of each test point). The 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS), 

2,2-diphenyl-1-picrylhydrazyl (DPPH), lipid peroxidation (LPO) and nitric oxide (NO).                                                                                                                                     

In the DPPH test, BTOG (1:1) (CI = 1.10) showed slight antagonism (red line, 

less thickness), BTOG (1:2) (CI = 1.04) – nearly additive (green line, less thickness), 

BTOG (1:3) (CI = 1.20) – slight antagonism (red line, less thickness), BTOG (2:1) (CI 

= 1.11) – slight antagonism (red line, less thickness), and BTOG (3:1) (CI = 1.09) – 

nearly additive (green line, less thickness) at EC50 as shown in Fig. 54. 

BTOG (1:1) (CI = 1.20) displayed slight antagonism (red line, less thickness), 

BTOG (1:2) (CI = 1.07) – nearly additive (green line, less thickness), BTOG (1:3) (CI 

= 1.17) – slight antagonism (red line, less thickness), BTOG (2:1) (CI = 1.18) – slight 

            A             B               C 

               D               E 
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antagonism (red line, less thickness), & BTOG (3:1) (CI = 1.08) – nearly additive 

interaction (green line, less thickness) in the ABTS test at EC50.  

In the NO assay, BTOG (1:1) (CI = 2.14) expressed antagonism (red line, 

more thickness), BTOG (1:2) (CI = 3.37) – strong antagonism (red line, more 

thickness), BTOG (1:3) (CI = 2.40) – strong antagonism (red line, more thickness), 

BTOG (2:1) (CI = 2.57) – strong antagonism (red line, more thickness), & BTOG 

(3:1) (CI = 0.66) – synergism (green line, more thickness) at EC50. For LPO test. 

BTOG (1:1) (CI = 1.16) – slight antagonism (red line, less thickness), BTOG (1:2) (CI 

= 0.98) – nearly additive (green line, less thickness), BTOG (1:3) (CI = 1.15) – slight 

antagonism (red line, less thickness) BTOG (2:1) (CI = 1.11) – slight antagonism (red 

line, less thickness), & BTOG (3:1) (CI = 0.95) – nearly additive (green line, less 

thickness). Whereas, in hemolysis test, BTOG (1:1) (C = 1.12) – slight antagonism 

(red line, less thickness), BTOG (1:2) (CI = 0.95) – nearly additive (green line, less 

thickness), BTOG (1:3) (CI = 1.12) – slight antagonism (red line, less thickness), 

BTOG (2:1) (CI = 1.14) – slight antagonism (red line, less thickness), and BTOG 

(3:1) (CI = 0.94) – nearly additive interaction (green line, less thickness) respectively 

as illustrated in Fig. 54 and Table 27. 

Table 27: The EC50, combination index, and type of antioxidant interactions of 

Black Tea and O. gratissimum combination for antioxidant parameters. 

Assay Binary 

combination 

EC50 (μg/ml) CI at 

EC50 

Type of 

interaction 

DPPH 1:0 77.86 ± 1.49a -  

3:1 89.13 ± 1.80b 1.09 Nearly additive 

2:1 91.72 ± 2.05b,c 1.08 Nearly additive 

 1:1 93.24 ± 0.83c  1.10 Slight antagonism 

 1:2 91.43 ± 1.89b,c 1.04 Nearly additive 

 1:3 106.96 ± 2.30d 1.20 Antagonism 

 0:1 93.47 ± 1.33c - - 

ABTS 1:0 44.57 ± 1.46a  - - 

3:1 51.13 ± 2.16b 1.08 Nearly additive 

2:1 57.59 ± 1.46c 1.18 Antagonism 
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 1:1 59.58 ± 1.74c,d 1.20 Antagonism 

 1:2 55.11 ± 2.01c 1.07 Nearly additive 

 1:3 60.51 ± 2.32e 1.04 Nearly additive 

 0:1 56.70 ± 2.34c,d -  

NO 1:0 48.53 ± 2.57a  -  

3:1 47.99 ± 2.60a 0.94 Nearly additive 

2:1 49.96 ± 3.35a 1.00 Slight antagonism 

 1:1 55.77 ± 2.74b 1.17 Antagonism 

 1:2 46.36 ± 2.87a 0.94 Nearly additive 

 1:3 84.35 ± 4.10c 1.69 Antagonism 

 0:1 50.61 ± 2.30a -  

LPO 1:0 43.62 ± 0.71a -  

3:1 43.62 ± 0.71a 0.98 Nearly additive 

2:1 50.13 ± 1.65b 1.10 Slight antagonism 

 1:1 54.64 ± 1.20c 1.18 Antagonism 

 1:2 46.72 ± 1.41d 0.99 Nearly additive 

 1:3 55.35 ± 1.25c 1.16 Antagonism 

 0:1 49.28 ± 1.55d - - 

Hemolysis  1:0 36.03 ± 1.21a -  

3:1 36.72 ± 1.40a 1.00 Nearly additive 

2:1 39.55 ± 0.93b 1.07 Nearly additive 

 1:1 44.30 ± 2.26c 1.20 Antagonism 

 1:2 37.67 ± 1.95a 0.99 Nearly additive 

 1:3 45.06 ± 3.33c 1.21 Antagonism 

 0:1 39.10 ± 2.18a - - 

EC50 shows (effective concentration causing 50% scavenging activity), CI (combination index). Data is shown as MEAN ± S.D 

(n = 3 replicates). The range of CI values and type of interaction as given by Chou (2010) are as follows: < 0.1: very strong 

synergism, 0.1 – 0.3: strong synergism, 0.3 – 0.7:  synergism, 0.7 - 0.85: moderate synergism, 0.85 – 0.90: slight synergism, 0.90 
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– 1.10: nearly additive, 1.20 – 1.45: moderate antagonism, and 1.45 – 3.3: antagonism. Different alphabets on the histogram 

columns in the same assay depict significant difference at p ≤ 0.05 for a assay type. Values in parenthesis are arcsine transformed 

values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 

6.4.3 Phytochemical analysis of Black Tea and O. gratissimum in different 

proportions (3:1, 2:1, 1:1, 1:2, and 1:3) 

6.4.3.1 Estimation of phenolic compounds 

  Black tea contained a high amount of phenolic content (134.88 µg/100ml) as 

compared to O. gratissimum (66.88 µg/100ml), respectively. 

Black tea and its combination with O. gratissimum in five different ratios (1:1, 

1:2, 1:3, 2:1, and 3:1) 

 BTOG in combination with confined maximum phenolic content in all ratios 

are in the following order as 3:1 (104.27 µg/100ml) > 2:1 (102.55 µg/ml) > 1:2 (98.38 

µg/ml) > 1:3 (95.60 µg/ml) > 1:1 (93.60 µg/ml), respectively as illustrated in the 

Fig’s. 55(a) & (b) and Table 28. 

 

     Fig. 55: (a) Standard calibration curve of gallic acid measured by GAE (gallic acid equivalent) 
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Fig. 55: (b) Total phenolic content of Black tea (BT) and O. gratissimum (OG); in different 

infusions alone and in combination. The data are shown as MEAN ± S.D for 3 independent tests 

(each with three replicates of each test point). Different alphabets depicted significant difference 

at p ≤ 0.05 among the TPC of different infusions. Values in parenthesis are arcsine transformed 

values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘d’ = less effect. 

 

Table 28: Total phenolic content of Black tea (BT) and O. gratissimum (OG) 

sample extracts taken alone and in binary combination having different ratios. 

Sample Extract Total Phenolic Content 

(mg GAE/g) per 100ml 

BT                134.88 ± 1.73a 

OG                66.88 ± 5.18b 

BTOG (3:1)                104.27 ± 4.94c 

BTOG (2:1)                102.55 ± 1.25d 

BTOG (1:1)                 93.60 ± 1.80d 

BTOG (1:2)                 98.38 ± 1.64d 

BTOG (1:3)                 95.60 ± 5.73d 

Values are represented as MEAN ± S.D; n = 3 replicates. Different alphabets on the calculated values depicted significant 

difference at p ≤ 0.05 among the different infusion’s types BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. 

gratissimum in different ratios with respect to total phenolic content. Values in parenthesis are arcsine transformed values; a-d 

represents the levels of treatments: ‘a’ = highest effect and ‘d’ = less effect. 
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6.4.3.2 Determination of flavonoid compounds: 

O. gratissimum (83.99 µg/100ml) displayed the highest flavonoid content, 

followed by black tea (31.61 µg/100ml). 

Black tea and its combination with O. gratissimum in five different ratios (1:1, 

1:2, 1:3, 2:1 and 3:1) 

 BTOG in combination contained more flavonoid content in five different 

ratios in the following order:  3:1 (87.32 µg/ml) > 1:1 (86.66 µg/ml) > 1:3 (83.61 

µg/ml) > 2:1 (83.33 µg/ml) > 1:2 (83.04 µg/ml), respectively as shown in Fig’s. 56(a) 

& (b) and Table 29.    

 

         Fig. 56: (a) Standard calibration curve of quercetin measured by QE (quercetin equivalent) 
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Fig. 56: (b) Total flavonoids content of Black tea (BT) and O. gratissimum (OG); in different 

infusions alone and in combination. The data are shown as MEAN ± S.D for 3 independent tests 

(each with three replicates of each test point). Different alphabets depicted significant difference 

at p ≤ 0.05 among the TFC of different infusions. Values in parenthesis are arcsine transformed 

values; a-c represents the levels of treatments: ‘a’ = highest effect and ‘c’ = less effect. 

Table 29: Total flavonoid content of Black tea (BT) and O. gratissimum (OG) 

sample extracts taken alone and in binary combination having different ratios. 

Sample Extract Total Flavonoid Content 

(mg QE/g) per 100ml 

BT 31.61 ± 2.42a 

OG 83.99 ± 1.08b 

BTOG (3:1) 87.32 ± 3.50c 

BTOG (2:1) 83.33 ± 0.53c 

BTOG (1:1) 86.66 ± 1.88c 

BTOG (1:2) 83.04 ± 3.76c 

BTOG (1:3) 83.61 ± 3.23c 

Values are represented as MEAN ± S.D; n = 3 replicates. Different alphabets on the calculated values depicted significant 

difference at p ≤ 0.05 among the different infusions types BT – Black Tea, OG – O. gratissimum, BTOG – Black Tea + O. 

gratissimum in different ratios with respect to total flavonoid content. Values in parenthesis are arcsine transformed values; a-c 

represents the levels of treatments: ‘a’ = highest effect and ‘c’ = less effect. 

Table 30: Correlation between phenolic/flavonoid concentration and EC50 values 

of aqueous infusions of BT and OG alone and in combination at five different 

ratios (3:1, 2:1, 1:1, 1:2 and 1:3). 

Values are represented as mean ± s.d, n = 3 of three independent tests (each with triplicates for each point). BT- Black Tea, OG- O. gratissimum, 

BTOG- Black Tea+ O. gratissimum for an antioxidant parameter (DPPH- 2, 2-diphenyl-1-picryl hydrazyl, ABTS- 2,2’-azino-bis(ethylbenzthiazoline-6-sulfonic 

acid, NO- Nitric oxide scavenging activity, LPO- Lipid Peroxidation) (+) & (-) symbols showed an increase and decrease in activity as compared to Black Tea. 

SAMPLE 

EXTRACT 

TPC DPPH correlation ABTS correlation NO correlation LPO correlation Anti -

haemolysis 

correlation 

BT 134.88 77.86 
 

44.57 
 

48.353 
 

43.81 
 

36.03 
 

OG 66.88 93.47 -1 56.7 -1 50.615 -1 49.28 -1 39.1 -1 

BTOG (1:1) 93.6 93.24 
 

51.13 
 

55.778 
 

43.62 
 

36.72 
 

BTOG (1:2) 98.38 91.43 
 

57.59 
 

46.363 
 

50.13 
 

39.55 
 

BTOG (1:3) 95.6 106.96 -0.558978 59.58 0.501807 84.353 -0.535627 54.64 0.3870783 44.3 0.3216738 

BTOG (2:1) 102.55 91.72 
 

55.11 
 

49.966 
 

46.72 
 

37.67 
 

BTOG (3:1) 104.27 89.13 
 

60.51 
 

47.991 
 

55.35 
 

45.06 
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A correlation between phenolic and flavonoid with EC50 of antioxidant assays 

(DPPH, ABTS, NO, and LPO) was expressed with Pearson’s correlation coefficient 

(r). A high negative correlation was found between EC50 and total phenolic content 

[DPPH (r = -1), ABTS (r = -1), LPO (r = -1), NO (r = -1), hemolysis (r = -1), ] or 

strong positive correlation was observed between EC50 and  flavonoid content [DPPH 

(r = 1), ABTS (r = 1), NO (r = 1), LPO (r = 1) and hemolysis (r = 1)] for individual 

infusions. Whereas, various types of correlation were found (BTOG 1:1, BTOG 1:2, 

BTOG 1:3, BTOG 2:1, and BTOG 3:1)  between EC50 and total phenolic content 

[DPPH (r = -0.558, moderate positive), NO (r = -0.535, moderate negative), ABTS (r 

= -0.501, moderate negative), LPO (r = 0.387, weak positive), and hemolysis (r= 

0.321, weak positive)] or total flavonoid content [NO (r = -0.676, strongly positive),  

DPPH (r = 0.619, strongly positive), ABTS (r = -0.201, weak negative), & hemolysis 

(r = -0.048, very weak)] in binary combinations, respectively as depicted in Table 30.  

 

Fig. 57: The maximum antioxidant effect of a 3:1 ratio of Black tea and O. gratissimum 

  O. gratissimum (OG) at the different ratios with Black Tea (BT) alters the 

radical quenching ability of the binary mixture. Among the ratios, 3:1 showed 

maximum radical quenching ability in both in vitro and ex vivo assays, and the 

interaction observed was additive, as illustrated in Fig. 47, 48, 49, 50, 51 and 55.  
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6.5 Assessment of S. rebaudiana (leaves) supplementation to Black Tea and O. 

gratissimum (3:1) on radical quenching ability and H2O2 –induced DNA damage 

6.5.1 DPPH assay 

  The activities were measured in terms of EC50; the lower the EC50 higher is the 

antioxidant potential. Stevia (St) displayed the highest ability to reduce DPPH, with an 

EC50 (µg/ml) value of about 26.18 µg/ml followed by BT (38.26 µg/ml) and OG 

(47.13 µg/ml), respectively. Whereas in the combination black tea (BT) with O. 

gratissimum (OG) expressed maximum quenching ability than other combinations in 

the following order as BTOG (29.66 µg/ml) > OGSt (34.78 µg/ml) > BTSt (39.66 

µg/ml) > BTOGSt (41.75 µg/ml), respectively as shown in Fig. 58 and Table 31. 

 

Fig. 58: The DPPH antioxidant power of aqueous extracts including- Black Tea (BT), O. 

gratissimum (OG), and S. rebaudiana (St) infusions alone and in combination. EC50 undergoes as 

(Effective concentration causing 50% scavenging activity). Values are represented as MEAN ± 

S.D n = 3). Different alphabets depicted significant difference at p ≤ 0.05 among different 

infusions in alone (BT, OG and St) as well as in combination (BT+OG – Black Tea + O. 

gratissimum), (BT+ St – Black Tea + Stevia rebaudiana), (OG + St- O. gratissimum + Stevia 

rebaudiana), and (BT+ OG+ St – Black Tea + O. gratissimum + Stevia rebaudiana). Values in 

parenthesis are arcsine transformed values; a-e represents the levels of treatments: ‘a’ = highest 

effect and ‘e’ = less effect. 
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Table 31: EC50 values of DPPH scavenging activity of individual and combined 

infusions of BT, OG and St. 

Sample Extract   EC50 (µg/ml) 

BT 38.26a 

OG 47.13b 

St 26.18c 

BTOG  29.66d 

BTSt 39.66a,b 

OGSt 34.78e 

BTOGSt 41.75a,b 

Values are represented as MEAN ± S.D; n = 3 replicates). EC50 shows (Effective concentration causing 50% scavenging activity). 

Same alphabets on the EC50 values indicates non-significant differences (P ≤ 0.05) between different infusions and different 

alphabets on the EC50 values showed significant differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. 

gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, OGSt- O. 

gratissimum S. rebaudiana, BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the antioxidant parameter (DPPH – 2,2 

diphenyl hydrazyl). Values in parenthesis are arcsine transformed values; a-e represents the levels of treatments: ‘a’ = highest 

effect and ‘e’ = less effect. 

 

 

6.5.2 ABTS assay 

The activities were measured in terms of EC50; the lower the EC50 (µg/ml) 

higher is the antioxidant potential. Black tea (29.92 µg/ml) was found to have a more 

scavenging effect as compared to stevia (32.05 µg/ml) and O. gratissimum (45.08 

µg/ml), respectively. While black tea in the combination with O. gratissimum (OG) 

confined maximum quenching ability than other combinations were as follows: BTOG 

(30.42 µg/ml) > BTOGSt (36.48 µg/ml) > BTSt (44.88 µg/ml) > OGSt (56.46 µg/ml) 

as shown in Fig. 59 and Table 32. 
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Fig. 59: ABTS scavenging activity of aqueous extracts including- Black Tea (BT), O. gratissimum 

(OG), and S. rebaudiana (St) infusions alone and in combination. EC50 undergoes as (Effective 

concentration causing 50% scavenging activity). Values are represented as MEAN ± S.D n = 3). 

Different alphabets depicted significant difference at p ≤ 0.05 among different infusions in alone 

(BT and OG) as well as in combination (BT+OG – Black Tea + O. gratissimum), (BT+ St – 

Black Tea + Stevia rebaudiana), (OG + St- O. gratissimum + Stevia rebaudiana), and (BT+ 

OG+ St – Black Tea + O. gratissimum + Stevia rebaudiana). Values in parenthesis are arcsine 

transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘d’ = less 

effect. 

Table 32: EC50 values of ABTS scavenging activity of individual and combined 

infusions BT, OG and St. 

Sample Extract   EC50 (µg/ml) 

BT 29.92a 

OG 45.08b 

St 32.05a 

BTOG  30.42a 

BTSt 44.88b 

OGSt 56.46c 

BTOGSt 36.48d 

Values are represented as MEAN ± S.D; n = 3 replicates). EC50 shows (Effective concentration causing 50% scavenging activity). 

Same alphabets on the EC50 values indicates non-significant differences (P ≤ 0.05) between different infusions and different 

alphabets on the EC50 values showed significant differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. 

gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, OGSt- O. 

gratissimum S. rebaudiana, BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the antioxidant parameter (ABTS). 

Values in parenthesis are arcsine transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘d’ = less 

effect. 
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6.5.3 NO assay 

  The activities were measured in terms of EC50; the lower the EC50 (µg/ml) 

higher is the antioxidant potential. Stevia (St) showed a more quenching effect than 

black tea (BT) and O. gratissimum (OG). The scavenging potential was as follows: St 

(16.37µg/ml) > BT (27.53 µg/ml) > OG (49.51 µg/ml), respectively. While in 

combination BTOG expressed maximum antioxidant potential than other 

combinations in the following order: BTOG (29.74 µg/ml) > BTOGSt (39.37 µg/ml) 

> BTSt (44.72 µg/ml) > OGSt (54.83 µg/ml) as depicted in Fig. 60 and Table 33. 

 

Fig. 60: NO quenching ability of aqueous extracts including- Black Tea (BT), O. gratissimum 

(OG), and S. rebaudiana (St) infusions alone and in combination. EC50 undergoes as (Effective 

concentration causing 50% scavenging activity). Values are represented as MEAN ± S.D n = 3). 

Different alphabets depicted significant difference at p ≤ 0.05 among different infusions in alone 

(BT and OG) as well as in combination (BT+OG – Black Tea + O. gratissimum), (BT+ St – 

Black Tea + Stevia rebaudiana), (OG + St- O. gratissimum + Stevia rebaudiana), and (BT+ 

OG+ St – Black Tea + O. gratissimum + Stevia rebaudiana).  Values in parenthesis are arcsine 

transformed values; a-f represents the levels of treatments: ‘a’ = highest effect and ‘f’ = less 

effect. 
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Table 33: EC50 values of NO scavenging activity of individual and combined 

infusions BT, OG and St. 

Sample Extract   EC50 (µg/ml) 

BT 27.53a 

OG 49.51b 

St 16.37c 

BTOG  29.74a 

BTSt 44.72d 

OGSt 54.83e 

BTOGSt 39.37f 

Values are represented as MEAN ± S.D; n = 3 replicates). EC50 shows (Effective concentration causing 50% scavenging activity). 

Same alphabets on the EC50 values indicates non-significant differences (P ≤ 0.05) between different infusions and different 

alphabets on the EC50 values showed significant differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. 

gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, OGSt- O. 

gratissimum S. rebaudiana, BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the antioxidant parameter (NO 

scavenging activity). Values in parenthesis are arcsine transformed values; a-f represents the levels of treatments: ‘a’ = highest 

effect and ‘f’ = less effect. 

 

 

 6.5.4 Hemolysis 

The activities were measured in terms of EC50, the lower the EC50 (µg/ml), 

higher is the antioxidant potential. The aqueous extract of stevia (EC50 – 30.75 µg/ml) 

exhibited the maximum hemolytic activity towards human erythrocytes as compared 

to black tea (EC50 – 68.90 µg/ml) and O. gratissimum (EC50 – 76.16 µg/ml), 

respectively. Whereas, the hemolytic activity of black tea in the combination (BTOG, 

BTSt, OGSt & BTOGSt) was found in the following order: BTOG (57.43 µg/ml) > 

BTOGSt (84.86 µg/ml) > BTSt (100.16 µg/ml) > OGSt (110.53 µg/ml), respectively 

as shown in Fig. 61 and Table 34. 
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Fig. 61: Antihemolytic activity of aqueous extracts including- Black Tea (BT), O. gratissimum 

(OG), and S. rebaudiana (St) infusions alone and in combination. EC50 undergoes as (Effective 

concentration causing 50% scavenging activity). Values are represented as MEAN ± S.D n = 3). 

Different alphabets depicted significant difference at p ≤ 0.05 among different infusions in alone 

(BT and OG) as well as in combination (BT+OG – Black Tea + O. gratissimum), (BT+ St – 

Black Tea + Stevia rebaudiana), (OG + St- O. gratissimum + Stevia rebaudiana), and (BT+ 

OG+ St – Black Tea + O. gratissimum + Stevia rebaudiana). Values in parenthesis are arcsine 

transformed values; a-g represents the levels of treatments: ‘a’ = highest effect and ‘g’ = less 

effect.     

 Table 34: EC50 values of Anti-hemolytic activity of individual and combined 

infusions of BT, OG and St. 

Sample Extract   EC50 (µg/ml) 

BT 68.90a 

OG 76.16b 

St 30.75c 

BTOG  57.43d 

BTSt 100.16e 

OGSt 110.53f 

BTOGSt 84.86g 

Values are represented as MEAN ± S.D; n = 3 replicates). EC50 shows (Effective concentration causing 50% scavenging activity). 

Same alphabets on the EC50 values indicates non-significant differences (P ≤ 0.05) between different infusions and different 

alphabets on the EC50 values showed significant differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. 

gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, OGSt- O. 

gratissimum S. rebaudiana, BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the antioxidant parameter 

(Antihemolytic activity). Values in parenthesis are arcsine transformed values; a-g represents the levels of treatments: ‘a’ = 

highest effect and ‘g’ = less effect. 
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6.5.5 Lipid peroxidation (LPO) assay 

  The activities were measured in terms of EC50; the lower the EC50 (µg/ml), 

higher is the antioxidant potential. Stevia showed the highest lipid peroxidation 

inhibitory capacity with the lowest EC50 value – 21.07 µg/ml followed by black tea 

(43.56 µ/ml) and O. gratissimum (50.11 µg/ml), respectively. While, in combination, 

black tea with O. gratissimum (EC50 – 53.97 µg/ml) expressed a maximum inhibitory 

effect as compared to other combinations BTSt (93.06 µg/ml), OGSt (96.03 µg/ml) & 

BTOGSt (79.36 µg/ml) respectively as illustrated in Fig. 62 and Table 35. 

 

Fig. 62: Lipid peroxidation inhibitory capacity of aqueous extracts including- Black Tea (BT), O. 

gratissimum (OG), and S. rebaudiana (St) infusions alone and in combination. EC50 undergoes as 

(Effective concentration causing 50% scavenging activity). Values are represented as MEAN ± 

S.D n = 3). Different alphabets depicted significant difference at p ≤ 0.05 among different 

infusions in alone (BT and OG) as well as in combination (BT+OG – Black Tea + O. 

gratissimum), (BT+ St – Black Tea + Stevia rebaudiana), (OG + St- O. gratissimum + Stevia 

rebaudiana), and (BT+ OG+ St – Black Tea + O. gratissimum + Stevia rebaudiana). Values in 

parenthesis are arcsine transformed values; a-e represents the levels of treatments: ‘a’ = highest 

effect and ‘e’ = less effect. 
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Table 35: EC50 values of LPO scavenging activity of individual and combined 

infusions of BT, OG and St. 

Sample Extract   EC50 (µg/ml) 

BT 43.56a 

OG 50.11b 

St 21.07c 

BTOG  53.97b 

BTSt 93.06d 

OGSt 96.03d 

BTOGSt 79.36e 

Values are represented as MEAN ± S.D; n = 3 replicates). EC50 shows (Effective concentration causing 50% scavenging activity). 

Same alphabets on the EC50 values indicates non-significant differences (P ≤ 0.05) between different infusions and different 

alphabets on the EC50 values showed significant differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. 

gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, OGSt- O. 

gratissimum S. rebaudiana, BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the antioxidant parameter (LPO – Lipid 

Peroxidation Inhibitory Capacity). Values in parenthesis are arcsine transformed values; a-d represents the levels of treatments: 

‘a’ = highest effect and ‘e’ = less effect. 

 

 

Table 36: EC50, combination index and type of antioxidant interactions between 

black Tea, O. gratissimum and S. rebaudiana sample extracts in alone, binary and 

ternary combination for different antioxidant assays. 

Assay Binary 

combinations 

EC50 (μg/ml) CI at 

EC50 

Type of 

interactions 

DPPH BT 38.26 ± 1.95a - - 

OG 47.13 ± 1.51b - - 

St 26.18 ± 0.87c - - 

 BTOG (3:1) 29.66 ± 0.63d  0.75 Nearly additive 

 BTSt 39.66 ± 0.87a,b 1.23 Antagonism 

 OGSt 34.78 ± 1.13e 0.94 Nearly additive 

 BTOGSt 41.75 ± 1.12a,b 1.25 Antagonism 

ABTS BT 29.22 ± 1.04a  - - 

OG 45.08 ± 0.11b - - 

St 32.05 ± 2.90a - - 
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 BTOG (3:1) 30.42 ± 0.88a 0.89 Nearly additive 

 BTSt 44.88 ± 1.46b 1.42 Antagonism 

 OGSt 56.46 ± 1.56c 1.44 Antagonism 

 BTOGSt 36.48 ± 0.82d 1.10 Slight antagonism 

NO BT 27.53 ± 2.50a  -  

OG 49.51 ± 1.38b - - 

St 16.37 ± 1.90c - - 

 BTOG (3:1) 29.74 ± 2.87a 0.96 Nearly additive 

 BTSt 44.72 ± 3.47d 1.98 Antagonism 

 OGSt 54.83 ± 2.80e 1.87 Antagonism 

 BTOGSt 39.37 ± 2.66f 1.62 Antagonism 

LPO BT 43.56 ± 2.09a - - 

OG 50.11 ± 4.11b - - 

St 21.07 ± 1.05c - - 

 BTOG (3:1) 53.97 ± 3.07b 1.22 Antagonism 

 BTSt 93.06 ± 7.52d 2.93 Strong antagonism 

 OGSt 96.03 ± 7.48d 2.81 Strong antagonism 

 BTOGSt 79.36 ± 6.34e 2.43 Strong antagonism 

Hemolysis  BT 68.90 ± 4.52a - - 

OG 76.16 ± 0.90b - - 

St 30.75 ± 3.58c - - 

 BTOG (3:1) 57.43 ± 5.56d 0.80 Nearly additive 

 BTSt 100.16 ± 7.98e 2.06 Slight antagonism 

 OGSt 110.53 ± 10.62f 2.16 Strong antagonism 

Different alphabets showed significant differences (P ≤ 0.05) between different infusions BT – Black Tea, OG – O. gratissimum, 

St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, BTOGSt – Black Tea + O. 

gratissimum + S. rebaudiana. EC50 represents (effective concentration causing 50% scavenging activity), CI (combination index). 

Data are shown as the MEAN ± S.D; n = 3 replicates). The range of CI values and type of interaction as given by Chou (2010) 
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are as follows: < 0.1: very strong synergism, 0.1 – 0.3: strong synergism, 0.3 – 0.7:  synergism, 0.7 - 0.85: moderate synergism, 

0.85 – 0.90: slight synergism, 0.90 – 1.10: nearly additive, 1.20 – 1.45: moderate antagonism, and 1.45 – 3.3: antagonism.Values 

in parenthesis are arcsine transformed values; a-f represents the levels of treatments: ‘a’ = highest effect and ‘f ’ = less effect. 

  

 In the DPPH test, BTOG (CI = 0.75) – nearly additive (green line, less 

thickness), BTSt (CI = 1.23) – antagonism (red line, more thickness), OGSt (CI = 

0.94) – nearly additive (green line, less thickness) & BTOGSt (CI = 1.25) – 

antagonism (red line, more thickness) at EC50 as shown in Fig. 65 and Table 36. 

 BTOG (CI = 0.89) – nearly additive (green line, less thickness), BTSt (CI = 

1.42) – antagonism (red line, more thickness), OGSt (CI = 1.44) – antagonism (red 

line, more thickness) & BTOGSt (CI = 1.10) – slight antagonism in the ABTS assay. 

In the NO test, BTOG (CI = 0.96) – nearly additive, BTSt (CI = 1.98) – antagonism 

(red line, more thickness), OGSt (CI = 1.87) – antagonism (red line, more thickness) 

& BTOGSt (CI = 1.62) – antagonism (red line, more thickness). For LPO assay, 

BTOG (CI = 1.22) – antagonism (red line, more thickness), BTSt (CI = 2.93) – strong 

antagonism (red line, more thickness), OGSt (CI = 2.81) – strong antagonism (red 

line, more thickness) and BTOGSt (CI = 2.43) – strong antagonism (red line, more 

thickness). Whereas, in hemolysis test, BTOG (CI = 0.80) – nearly additive (green 

line, less thickness), BTSt (CI = 2.06) – slight antagonism (red line, less thickness), 

OGSt (CI = 2.16) – strong antagonism (red line, more thickness) & BTOGSt (CI = 

1.74) – strong antagonism interaction (red line, more thickness) respectively as 

depicted in Fig. 65 and Table 36. 

6.5.6 Total Phenolic Content 

Among the tea infusions, the highest phenolic content was found in Black Tea 

(104.16 mg/100ml) followed by O. gratissimum (68.69 mg/100ml) and stevia (62.71 

mg/100ml). Whereas, in combination BTOGSt (Black Tea + O. gratissimum + stevia) 

(117.33 mg/100ml) contained a maximum amount of phenolic content than other 

combinations BTSt (100.15 mg/100ml), BTOG (92.10 mg/100ml) & OGSt (90.02 

mg/100ml) as depicted in Fig’s. 63(a), (b) and Table 37. 



140 
 

y = 0.0076x + 0.2625

R² = 0.9095

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 20 40 60 80 100

A
b

so
rb

a
n

ce

Gallic acid concentration (µg/ml)

 

      Fig. 63: (a) Standard calibration curve of gallic acid measured by GAE (gallic acid equivalent)  

 

 

 

 

 

 

 

                                           

Fig. 63: (b) The Total Phenolic Content of Black Tea (BT), O. gratissimum (OG), and Stevia 

rebaudiana (St) in alone and in binary and ternary combination [Black Tea + O. gratissimum 

(BTOG), Black Tea + Stevia (BTSt), O. gratissimum + Stevia (OGSt) and Black Tea + O. 

gratissimum + Stevia (BTOGSt)]. Values are represented as MEAN± S.D; n = 3 replicates. The 

dissimilar alphabets illustrated significant difference (p ≤ 0.05) with respect to the total phenolic 

content. Values in parenthesis are arcsine transformed values; a-f represents the levels of 

treatments: ‘a’ = highest effect and ‘f’ = less effect. 
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Table 37: Total phenolic content of sample extracts when taken alone, binary and 

ternary combination. 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 shows (Effective concentration causing 50% scavenging activity).. 

Different alphabets on the calculated values showed significant differences (P ≤ 0.05) between different infusions -BT – Black 

Tea, OG – O. gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, 

BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the (TPC – Total Phenolic Content). Values in parenthesis are arcsine 

transformed values; a-f represents the levels of treatments: ‘a’ = highest effect and ‘f ’ = less effect. 

 

6.5.7 Total Flavonoid Content 

 The highest amount of flavonoid content was detected in the aqueous extract 

of O. gratissimum (82.20 mg/100ml) than St (55.53 mg/100ml) & BT (39.96 

mg/100ml), respectively. While, Black Tea, O. gratissimum, and stevia in combined 

form (BTOGSt) confined maximum flavonoid content (88.63 mg/100ml) as compared 

to other combinations (OGSt- 86.92 mg/100ml, BTOG- 84.43 mg/100ml & BTSt- 

81.60 mg/100ml), respectively as shown in Fig’s. 64(a), (b) and Table 38. 

Sample TPC (mg/100ml) GAE 

BT 104.16± 1.47a 

OG 68.69±1.29b 

St 62.71±3.47c 

BTOG 92.10±2.91d 

BTSt 100.15±2.89e 

OGSt 90.02±3.86d 

BTOGSt 117.33±1.59f 
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        Fig.64: (a) Standard calibration curve of quercetin measured by quercetin equicalent (QE) 

    

 

Fig. 64: (b) The Total flavonoid Content of aqueous infusions of Black Tea (BT), O. gratissimum 

(OG), and Stevia rebaudiana (St) in alone, binary and ternary combination - [Black Tea + O. 

gratissimum (BTOG), Black Tea + Stevia (BTSt), O. gratissimum + Stevia (OGSt) and Black Tea + 

O. gratissimum + Stevia (BTOGSt)]. Values are represented as MEAN± S.D; n = 3 replicates. The 

dissimilar alphabets illustrated significant difference (p ≤ 0.05) with respect to the total flavonoid 

content. Values in parenthesis are arcsine transformed values; a-c represents the levels of 

treatments: ‘a’ = highest effect and ‘c’ = less effect. 
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Table 38: Total flavonoid content of sample extracts when taken alone, binary 

and ternary combination. 

Values are represented as MEAN ± S.D, n = 3 replicates. EC50 shows (Effective concentration causing 50% scavenging activity).. 

Different alphabets on the calculated values showed significant differences (P ≤ 0.05) between different infusions -BT – Black 

Tea, OG – O. gratissimum, St – S. rebaudiana. BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, 

BTOGSt – Black Tea + O. gratissimum + S. rebaudiana for the (TPC – Total Flavonoid Content). Values in parenthesis are 

arcsine transformed values; a-c represents the levels of treatments: ‘a’ = highest effect and ‘c’ = less effect. 

  
 

Table 39: Correlation between phenolic level & EC50 values of aqueous infusions 

of BT, OG and St alone and in binary/ternary combination BTOG, BTSt, OGSt 

and BTOGSt. 

Values are represented as MEAN ± S.D, n = 3 replicates. BT – Black Tea, OG – O. gratissimum, St – S. rebaudiana, BTOG – 

Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, - Black Tea+ O. gratissimum + S. rebaudiana for looking into 

correlation of phenolics with EC50 values of DPPH, NO, LPO and Anti-hemolysis. (TPC – Total Flavonoid Content, DPPH – 2,2 

– diphenyl 1-1, picryl hydrazyl, ABTS - 2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid, NO – Nitric Oxide scavenging 

activity, LPO – Lipid Peroxidation scavenging activity and Antihemolysis).  

 

 

 

 

 

Sample TFC (mg/100ml) QE 

BT 39.96±0.05a 

OG 82.20±1.09b 

St 55.53±1.16c 

BTOG 84.43±0.26b 

BTSt 81.60±2.17b 

OGSt 86.92±1.34b 

BTOGSt 88.63±0.95b 

SAMPLE 

EXTRACT 

TPC DPPH correlation ABTS correlation NO correlation LPO correlation Anti -

hemolysis 

correlation 

BT 78.51 38.26  29.92  27.53  43.56  68.90  

OG 44.28 47.13 -1 45.08 -1 49.51 -1 50.11 -1 76.16 -1 

St 62.71 26.18  32.05  16.37  21.07  30.75  

BTOG  92.10 29.66  30.42  29.74  53.97  57.43  

BTSt 100.15 39.66  44.88  44.72  93.06  100.16  

OGSt 90.02 34.78 0.902 56.46 0.175 54.83 0.594 96.03 0.727 110.53 0.649 

BTOGSt 117.33 41.75  36.48  39.37  79.36  84.56  
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Table 40: Correlation between flavonoid level & EC50 values of aqueous infusions 

of BT, OG, St alone and in binary/ternary combination BTOG, BTSt, OGSt and 

BTOGSt. 

Values are represented as MEAN ± S.D, n = 3 replicates. BT – Black Tea, OG – O. gratissimum, St – S. rebaudiana, BTOG – 

Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, - Black Tea+ O. gratissimum + S. rebaudiana for looking into 

correlation of flavonoids with EC50 values of DPPH, NO, LPO and Anti-hemolysis. (TPC – Total Flavonoid Content, DPPH – 2,2 

– diphenyl 1-1, picryl hydrazyl, ABTS - 2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid, NO – Nitric Oxide scavenging 

activity, LPO – Lipid Peroxidation scavenging activity and Antihemolysis).  

 

 

       A strong correlation was noticed between TPC/TFC and antioxidant parameters 

(TPC/TFC–DPPH: R2 = -1/1, TPC/TFC- NO: R2 = -1/1, TPC/TFC –ABTS: R2= -1/1, 

TPC/TFC–LPO: R2 =-1/1, and  TPC/TFC–Anti-haemolysis: R2 = -1/1) for individual 

infusions (black tea, O. gratissimum & S. rebaudiana), but the strength of correlation 

was strong, weak & very weak in BT combinations:  (TPC–DPPH: R2 = 0.902, TPC-

LPO: R2 = 0.727, TPC– Anti-haemolysis: R2 = 0.649, TPC–NO: R2 = 0.594 and 

TPC–ABTS: R2 = 0.175). However, an almost strong or positive correlation was 

found between TFC and antioxidant potential of black tea combinations (BTOG, 

BTSt, OGSt & BTOGSt): (TFC–LPO: R2 = 0.830, TFC–NO: R2 = 0.786, TFC–Anti-

haemolysis: R2= 0.778, TFC–DPPH: R2 = 0.713 and TFC-ABTS: R2 = 0.416) as 

depicted in Table 39 and 40. 

 

 

 

 

 

SAMPLE 

EXTRACT 

TFC DPPH correlation ABTS correlation NO correlation LPO correlation Anti -

hemolysis 

correlation 

BT 39.96 38.26  29.92  27.53  43.56  68.90  

OG 82.20 47.13 1 45.08 1 49.51 1 50.11 1 76.16 1 

St 55.53 26.18  32.05  16.37  21.07  30.75  

BTOG  84.43 29.66  30.42  29.74  53.97  57.43  

BTSt 81.60 39.66  44.88  44.72  93.06  100.16  

OGSt 86.92 34.78 0.713 56.46 0.416 54.83 0.786 96.03 0.830 110.53 0.778 

BTOGSt 88.63 41.75  36.48  39.37  79.36  84.56  
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Table 41: The radical quenching capability of the individual (BT, OG & St) and 

combined infusion (BTOG, BTSt, OGSt and BTOGSt) in comparison to Black 

Tea. 

DPPH- 2,2-diphenyl-1-picryl hydrazyl, ABTS- 2,2’-azino-bis (ethylbenzthiazoline-6-sulfonic acid), NO- Nitric oxide scavenging activity, LPO- Lipid 

Peroxidation and anti-hemolytic assay. BT- black tea, OG- O. gratissimum and St- Stevia rebaudiana, black tea + O. gratissimum (BTOG), black tea + stevia 

(BTSt), O. gratissimum + stevia (OGSt) and black tea + O. gratissimum + Stevia rebaudiana (BTOGSt). The same alphabets (a,a,b,b….) showed no significant 

differences between different infusion types at p ≤ 0.05. Different alphabets (a,b,c,d….) showed significant differences between different infusion types for an 

antioxidant parameter (p≤ 0.05). Letters above a column followed by dissimilar letters above other columns are significantly different at p ≤ 0.05. Values in 

parenthesis are arcsine transformed values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 
        

 

In supplementation, different infusions have a major impact on the antioxidant 

activity of black tea. However, stevia as an additive in BTOG (ternary) combination 

showed maximum effect with the range of 125%. Whereas, in the binary combination 

the fortification of OG in black tea (BTOG) showed 114%, BTSt-90%, and OGSt-

101% enhancement in the scavenging potential of black tea shown in Fig. 63 and 

Table 41. 

 

 

 

 

 

Infusion 

type 

% Change in 

DPPH activity 

% Change in 

ABTS activity 

% Change in 

NO activity 

% Change in 

LPO activity 

% Change in 

anti-hemolytic 

activity 

% Average 

change in 

scavenging 

activity 

BT        -       -      -       -      -          - 

OG 19.48±2.25a(-) 30.42±0.17a(-) 42.45±0.56a(-) 13.10±0.43a(-) 9.20±0.39a(-) 22.93±0.76(-) 

St 43.81±1.87b(+) 7.91±5.50b(+) 68.66±11.28b(+) 107.56±0.66b(+) 128.66±9.01b(+) 71.32±5.66(+) 

BTOG 178.39±46.60c(+) 106.77±3.00c(+) 82.90±19.09c(+) 62.73±1.76c(+) 142.52±4.48c(+) 114.66±14.98(+) 

BTSt 173.40±6.74c(+) 107.28±5.98c(+) 81.66±12.68c(+) 38.86±3.62d(+) 104.82±3.45c(+) 101.20±6.49(+) 

OGSt 214.35±2.65d(+) 65.62±1.62d(+) 49.57±3.99d(+) 35.65±2.63d(+) 87.12±5.17d(+) 90.46±3.21(+) 

BTOGSt 161.41±4.69e(+) 154.37±6.41e(+) 109.11±5.98e(+) 64.33±3.71e(+) 136.55±2.39e(+) 125.15±4.63(+) 
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Fig. 65: Stevia supplementation as an additive in Black Tea with O. gratissimum (ternary) 

combination for making a refreshing drink 

These results indicated that the antioxidant activity of black tea (BT) and 

different Ocimum spp. (O. gratissimum, O. sanctum and O. canum) alone or in 

binary/ternary combination (BTOG, BTSt, OGSt, and BTOGSt) are highly 

contributed by phenolics or flavonoids as depicted in Fig’s. 61(a), (b), 62(a), (b), 63 

and Table 38, 39, 40, 41. 

. 
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6.7 To check the anti-genotoxic effect of Black Tea (BT), O. gratissimum (OG), O. 

sanctum (OS), O. canum (OC) and S. rebaudiana (St) alone or its binary (BTOG, 

BTOS, BTOCS, BTSt, OGSt, BTOG 3:1, BTOG 2:1, BTOG 1:1, BTOG 1:2 and 

ternary (BTOGSt) combination 

         The results indicate that black tea (75%) showed maximum anti-genotoxic 

activity as compared to OG, OS, OC & St, respectively. 

          BTOGSt (87%) expressed highest effect of anti-genotoxicity as compared to 

other combinations, respectively as shown in Fig. 66 and Table 43(a), (b). 

 

Fig. 66: The anti-genotoxic activity of Black Tea (BT), O. sanctum (OS), O. gratissimum (OG), O. 

canum (OC), S. rebaudiana (St) and its binary (BTOG, BTOS, BTOC, OGSt, BTSt, BTOG 1:2, 

BTOG 1:3, BTOG 2:1, BTOG 3:1 and ternary (BTOGSt). Values are represented as MEAN± 

S.D; n = 3 replicates. The dissimilar alphabets illustrated significant difference (p ≤ 0.05) with 

respect to the total flavonoid content between different infusion (BT-Black Tea, OG-O. 

gratissimum, St – Stevia rebaudiana, BTOS – Black tea + O. sanctum, BTOC – Black Tea + O. 

canum, BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + Stevia rebaudiana, BTOGSt – 

Black Tea + O. gratissimum + Stevia rebaudiana. Values in parenthesis are arcsine transformed 

values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 
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Table 42: The percentage of antigenotoxic activity of black tea (BT), O. 

gratissimum (OG), O. sanctum (OS), O. canum (OC) and S. rebaudiana (St) alone 

and it’s binary (BTOG 1:1, BTOS, BTOC, BTOG 3:1, BTOG 2:1, BTOG 1:1, 

BTOG 1:2, BTOG 1:3, BTSt & OGSt) and ternary combination (BTOGSt) 

(mean±S.D). 

Sample Mean±S.D 

BT1 (100 µl) 74.4±1.65e,d 

OG2 (100µl) 50.8±0.05a 

OS3 (100µl) 62.4±2.77b 

OC4 (100µl) 51.9±1.03a 

St5 (100µl) 68.7±0.68c 

BTOG 1:1 (100 µl) 72.5±1.91c,d 

BTOS (100µl) 51.6±0.56a 

BTOC (100µl) 60.6±0.17b 

BTOG 1:2 (100µl) 52.3±2.31a 

BTOG 1:3 (100 µl) 59.3±0.22b 

BTOG 2:1 (100 µl) 75.7±0.75e,d 

BTOG 3:1 (100 µl) 53.4±1.41a 

BTSt (100 µl) 62.7±0.69b 

OGSt (100 µl) 71.3±1.66c,d 

BTOGSt (100 µl) 87±1.16f 

Different alphabets represent significant differences at (p≤0.05) within the same column for a test. Data are shown as MEAN ± 

S.D for two independent experiments (each with triplicates for each test point). Values in parenthesis are arcsine transformed 

values; a-e represents the levels of treatments: ‘a’ = highest effect and ‘e’ = less effect. 
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6.8 To check the cytotoxic activity of Black Tea (BT), O. gratissimum (OG) and S. 

rebaudiana (St) in binary (BTOG, BTSt & OGSt) and ternary combination 

(BTOGSt). 

  Adrimycin drug (positive control) showed the lowest percentage of cell 

viability (9.8%) in A549 cells. Among the aqueous infusions, O. gratissimum (OG) 

exhibited least (36%) cell viability. Whereas, black tea (BT) and stevia demonstrated 

cell viability of 65 – 69% in the A549 cancer cell line respectively. 

The percentage of cell viability was noted in BTSt – 59% & OG + S. 

rebaudiana (St) [BTOGSt] – 66% followed by other mixtures i.e. black tea + O. 

gratissimum (BTOG) – 73% and O. gratissimum + S. rebaudiana (OGSt) – 75%, 

respectively as shown in Fig. 67. 
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Fig. 67: The cytotoxic activity of aqueous infusions of Black Tea, O. gratissimum and S. 

rebaudiana alone and in combination. Data is represented as MEAN ± S.D; n=3 replicates. Same 

alphabets showed no significant differences (p ≤ .05) between different infusion (BT-Black Tea, 

OG-O. gratissimum, BTOG – Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, 

BTOGSt – Black Tea + O. gratissimum + S. rebaudiana. Different alphabets showed significant 

differences (p ≤ .05) between different infusion (BT-Black Tea, OG-O. gratissimum, BTOG – 

Black Tea + O. gratissimum, BTSt – Black Tea + S. rebaudiana, BTOGSt – Black Tea + O. 

gratissimum + S. rebaudiana. Values in parenthesis are arcsine transformed values; a-g represents 

the levels of treatments: ‘a’ = highest effect and ‘g’ = less effect. 
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6.8.1 Morphological identification 

A549 cells 

A549 is a human alveolar basal epithelial cell that showed a long fusiform 

shape, small size, clear cell boundaries, well-adherent pebble-like growth, placental 

cytoplasm, and fewer cytoplasmic granules as shown in Fig. 68. 

 

                                                             Control 

Fig. 68: Morphology of A549 human lung cancer cell line 

Adrimycin (Positive Control) 

• It is rounded and normal in shape. 

• Also, the cells showed a reduction in cell volume and destabilization of the plasma 

membrane, as shown in Fig. 69. 

 

                                                      

                                           

                                                   Adrimycin (Positive Control) 

Fig. 69: Effect of adrimycin (Adr) Drug on A549 human lung cancer cell line 
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Morphological identification of samples  

                                                                                                                    

          Fig. 70: Effect of aqueous Black Tea extract on A549 human lung cancer cell line           

                                                             

  Fig. 71: Effect of aqueous O. gratissimum extract on A549 human lung cancer cell line 

 

                                                                       

          Fig.72: Effect of aqueous S. rebaudiana extract on A549 human lung cancer cell line 
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Fig. 73: Effect of aqueous Black tea + S. rebaudiana extract on A549 human lung cancer cell line      

       

Fig. 74: Effect of O. gratissimum + S. rebaudiana sample extract on A549 human lung cancer cell 

line 

 

 

Fig. 75: Effect of Black Tea + O. gratissimum sample extract on A549 human lung cancer cell line            
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Fig. 76: Effect of Black Tea + O. gratissimum + S. rebaudiana sample extract on A549 human lung 

cancer cell line 

 

• Uniform detachment of cells, inhibition of cell growth, membrane integrity, and cell 

shrinkage were observed in the aqueous infusions in comparison to adrimycin 

(positive control), as shown in Fig. 70-76. 
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  The preliminary studies conducted in our laboratory employing chemical and 

ex vivo models to determine the antioxidant activity of black tea alone and in 

combination with O. canum Sims or O. gratissimum or O. sanctum revealed that black 

tea and O. gratissimum showed higher radical quenching ability as compared to a 

binary combination of black tea with other species. Moreover, it was also found that a 

ternary combination of black tea with O. gratissimum and S. rebaudiana (St) 

expressed additive interaction and maximum free radical activity. Furthermore, to 

confirm the chemopreventive potential of the above-mentioned ternary combination, 

an in vivo study was proposed. 

6.9 Appraisal of cancer chemopreventive potential of the ternary combination of 

Black Tea, O. gratissimum, and Stevia rebaudiana 

 

     Fig. 77: Different stages of lung tumor observed in mice after sacrificing them 

After sacrificing the mice at the end of the complete study, tumors were 

observed in the lungs of the mice. It was identified that the tumor in the first stage 

could start to generate and then grow larger (second stage) and finally it can spread to 

whole lung (3 and 4 stage) as illustrated in Fig. 77. 
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Table 43: Effect of benzo(a)pyrene and aqueous infusions on the body weight 

(gm) of control and experimental groups of animals during the experimental 

period. 

No. of groups Nov-Dec 2021 Jan - 2022 Feb - 2022 Mar - 2022 

Group 1 25.90 ± 0.95a 25.30 ± 0.75b 24.92 ± 0.51d 23.64 ± 0.94e 

Group 2 25.83 ± 0.75a 25.20 ± 0.63b 24.50 ± 0.75d 24.72 ± 0.23f 

Group 3 25.50 ± 0.83a 25.00 ± 0.69b 24.87 ± 0.98d 26.76 ± 0.91g 

Group 4 25.79 ± 0.51a 25.20 ± 0.89b 25.17 ± 0.98d 27.78 ± 0.83h 

Group 5 25.53 ± 0.40a 25.80 ± 0.70b 24.80 ± 0.75d 25.88 ± 0.54i 

Group 6 25.76 ± 0.98a 25.60 ± 0.81b 24.75 ± 0.54d 27.96 ± 0.70h 

Group 7 25.66 ± 0.81a 25.00 ± 0.51b 24.72 ± 0.51d 26.04 ± 0.83j 

Group 8 25.43 ± 0.54a 24.80 ± 0.54c 24.50 ± 0.63d 25.82 ± 0.91i 

Data are shown as mean ± s.d (n=8). Group 1- Vehicle control (drinking water only), Group 2- B(a)P drug only, Group 3- BT infusion, Group 4- OG infusion, 

Group 5- St infusion, Group 6- BTOG mixture, Group 7- BTSt mixture & Group 8- BTOGSt mixture. Different alphabets (a,b,c,d…) represented significant 

differences at p≤0.05 for a test. Same alphabets (a,a,b,b…) represented no significant difference at p≤0.05 for a test. Data are shown as mean ± s.d. Different 

color of alphabets showed different months (P ≤ 0.05). Values in parenthesis are arcsine transformed values; a-j represents the levels of 

treatments: ‘a’ = highest effect and ‘j’ = less effect. 

 

 

 

Fig. 78: Effect of the drug (Benzo(a)pyrene) and aqueous infusions on control and experimental 

groups of the animals.  

6.9.2.1 Body status, food, and infusion intake 

 The table displays how different groups of mice (control and 

experimental) responded to aqueous infusions and benzo(a)pyrene on the body weight 

and lung weight of the mice. Up to the 12th week of the trial (from December 2021 to 
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February 2022), the inter-group disparities in body weight were not seen (p 0.05). In 

contrast to the control group (Group 1), the B(a) P-administered mice (Group 2) 

showed a decrease in body weight by the 16th week, whereas the aqueous infusion 

groups (Groups 3-8) showed an increase, as shown in Fig. 78 and Table 43.  

 

       Fig. 79: Total lung weight (mg/gm) BW of the control and experimental group of the animals 

       Whereas the aqueous infusion intake and water consumption were observed to be 

similar in all the studied groups of animals (p ≥ 0.05), as shown in Fig. 78, 79, and 80 

and Tables 43 and 44. The food intake was found to be similar within the respective 

group during the experimental duration, whereas some inter-group variations were 

observed, as shown in Table 44. 

Table 44: Total food intake (gm/mouse/day) by control and experimental groups 

of animals during study. 

No. of 

groups 

Nov -Dec 2021 Jan - 2022 Feb - 2022 Mar - 2022 

Group 1 164.21 ± 15.84a 181.40 ± 26.85a 169.00 ± 10.77a 177.25 ± 14.68a 

Group 2 177.26 ± 15.50b 173.93 ± 13.77b 165.12 ± 12.77a 177.37 ± 14.68a 

Group 3 128.78 ± 30.23c 95.46 ± 12.78c 101.92 ± 14.00b 146.87 ± 25.53b 

Group 4 166.42 ± 17.82d 165.20 ± 20.11d 162.50 ± 12.40c 173.62 ± 13.71c 

Group 5 155.78 ± 15.12e 164.80 ± 12.30d 161.78 ± 11.97c 153.87 ± 20.46d 

Group 6 158.36 ± 16.49e 146.40 ± 2.26e 142.21 ± 15.75d 149.87 ± 22.03e 

Group 7 140.06 ± 30.66f 146.66 ± 1.91e 131.21 ± 19.70e 149.79 ± 20.23e 

Group 8 137.73 ± 24.23g 146.66 ± 15.26e 126.35 ± 21.35f 134.00 ± 22.4f 
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Data are shown as mean ± s.d (n=8). Group 1- Vehicle control (drinking water only), Group 2- B(a)P drug only, Group 3- BT 

infusion, Group 4- OG infusion, Group 5- St infusion, Group 6- BTOG mixture, Group 7- BTSt mixture & Group 8- BTOGSt 

mixture. Different alphabets (a, b, c, d….) represented significant differences at p≤0.05 for a test. Data are shown as mean ± s.d. 
Same alphabets (a, a, b, b…) showed no significant difference (P ≤ 0.05). Different color of alphabets showed different months at 

p≤0.05. Values in parenthesis are arcsine transformed values; a-d represents the levels of treatments: ‘a’ = highest effect and ‘f ’ = 

less effect. 

 

 

 

Fig. 80: Total food intake (gm/mouse/day) of the control and experimental group of the animals 

 

Table 45: Total fluid intake (ml/mouse/day) by control and experimental groups 

of animals during study. 

No. of groups Nov-Dec 2021 Jan - 2022 Feb - 2022 Mar - 2022 

Group 1 60.22 ± 9.35a 74.60 ± 9.78a 83.71 ± 3.61a 89.20 ± 4.63a 

Group 2 54.05 ± 5.95b 68.73 ± 10.13b 78.78 ± 3.25b 83.13 ± 3.61b 

Group 3 54.11 ± 6.29b 71.86 ± 7.52c 74.85 ± 3.04c 80.13 ± 3.11c 

Group 4 64.00 ± 2.80c 73.66 ± 7.77d 71.14 ± 5.03d 80.26 ± 2.83c 

Group 5 61.88 ± 3.00d 76.13 ± 8.47e 76.21 ± 3.11e 77.26 ± 3.48d 

Group 6 61.61 ± 4.90d 68.53 ± 6.66b 73.78 ± 4.49f 85.46 ± 1.97e 

Group 7 62.66 ± 5.29e 74.73 ± 6.53f 77.57 ± 2.30g 77.80 ± 2.17d 

Group 8 53.38 ± 5.83f 72.06 ± 4.04g 72.21 ± 2.12h 76.26 ± 2.28f 

Data are shown as mean ± s.d (n=8). Group 1- Vehicle control (drinking water only), Group 2- B(a)P drug only, Group 3- BT infusion, Group 4- OG infusion, 

Group 5- St infusion, Group 6- BTOG mixture, Group 7- BTSt mixture & Group 8- BTOGSt mixture. Same alphabets (a,a,b,b…) represented no significant 

differences at p≤0.05 for a test. Data are shown as mean ± s.d. Different alphabets (a,b,c,d…) showed a significant differences (P ≤ 0.05). Different color of 

alphabets showed different months at p≤0.05. Values in parenthesis are arcsine transformed values; a-h represents the levels of treatments: 

‘a’ = highest effect and ‘h’ = less effect. 
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 Fig. 81: Total fluid intake (ml/mouse/day) by the control and experimental group of the animals   

             

Table 46: Total lung weight (mg/gm BW) of control and experimental groups of 

animals during study. 

No. of groups Total Lung Weight 

(mg/gm BW) 

Group 1 0.32 ± 0.03a 

Group 2 0.47 ± 0.02b 

Group 3 0.23 ± 0.04c 

Group 4 0.31 ± 0.02d 

Group 5 0.25 ± 0.04e 

Group 6 0.27 ± 0.05f 

Group 7 0.30 ± 0.06g 

Group 8 0.24 ± 0.05h 

Data are shown as mean ± s.d (n=8). Group 1- Vehicle control (drinking water only), Group 2- B(a)P drug only, Group 3- BT infusion, Group 4- OG infusion, 

Group 5- St infusion, Group 6- BTOG mixture, Group 7- BTSt mixture & Group 8- BTOGSt mixture. Same alphabets (a,a,b,b…) represented no significant 

differences at p≤0.05 within the same column for a test. Data are shown as mean ± s.d. Different alphabets (a,b,c,d…) showed a significant difference (P ≤ 

0.05).  Values in parenthesis are arcsine transformed values; a-h represents the levels of treatments: ‘a’ = highest effect and ‘h’ = 

less effect. 
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6.9.2.2 Relative Lung Weight 

           The external morphology of the lungs showed normal architecture for vehicle 

control (drinking water only) (Gp. 1), as depicted in Fig’s. 81 and 82. The lung weight 

was more noticed in the animals of B(a)P (Gp. 2) because of more tumor size, as 

shown in Fig’s. 81 and 82. Whereas the lung weight was less and was found to be 

similar in the group treated animals with aqueous infusions [Black Tea (Gp. 3), O. 

gratissimum (Gp. 4), S. rebaudiana (Gp. 5) and their binary (Gp. 6 & 7) and ternary 

combination (Gp. 8)] as illustrated in Fig’s. 82(c-h) and Table 46. The formula for 

relative lung weight is: 

                     Relative organ weight = organ weight (g) × 100 / body weight (g) 
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Fig. 82: Effect of BT, OG, St and their combination on external morphology of lungs against 

B[a]P- induced lung carcinogenesis: (a) Gp.1 (Vehicle control – drinking water only), (b) Gp. 2 

(B(a)P – drug only), (c) Gp. 3 (Black Tea), (d) Gp. 4 (O. gratissimum), (e) Gp. 5 (S. rebaudiana), (f) 

Gp. 6 (Black Tea + O. gratissimum), (g) Gp. 7 (Black Tea + Stevia rebaudiana) & (h) Gp. 8 (Black 

Tea + O. gratissimum + S. rebaudiana). 

Table 47: Effect of Benzopyrene along with BT, OG, St and their binary (BTOG, 

BTSt) and ternary (BTOGSt) combination on body weight and relative lung 

weight (mg/gm b.wt.) of various groups of animals. 

Group of mice Body Weight (gm) Relative Lung Weight 

(mg/gm b.wt.) 

Group 1 23.64 ± 0.94 1.35 ± 0.75g 

Group 2 24.72 ± 0.23 1.90 ± 0.63h 

Group 3 26.76 ± 0.91 0.85 ± 0.69i 

Group 4 27.78 ± 0.83d 1.11 ± 0.89j 

Group 5 25.88 ± 0.54e 0.96 ± 0.70k 

Group 6 27.96 ± 0.70d 0.96 ± 0.81k 

Group 7 26.04 ± 0.83f 1.15 ± 0.51j 

Group 8 25.82 ± 0.91e 0.92 ± 0.54l 

Whereas Group 1: B(a)P, Group 2: no B(a)P, Group 3: Black tea, Group 4: O. gratissimum, Group 5: Stevia rebaudiana, Group 

6: Black tea + O. gratissimum, Group 7: Black tea + Stevia rebaudiana, Group 8: Black tea + O. gratissimum + Stevia 

rebaudiana combination. Values represented mean ± S.D for six mice in each group. Both body weight and relative lung weight 
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is expressed in grams (g and mg/g). BW (body weight). Values in parenthesis are arcsine transformed values; a-f represents the 

levels of treatments: ‘a’ = highest effect and ‘f ’ = less effect. 

 

  

6.9.2.3 Evaluation of lung histological changes 

  Microscopically, lung tissue sections stained with hematoxylin and 

eosin were analyzed. Mice's lung's internal anatomy revealed the presence of 

bronchioles, the terminal bronchiole, alveolar ducts, alveolar sacs, and alveoli. Simple 

cuboidal cells and many blood vessels were discovered in the bronchiolar epithelium.  

 Terminal bronchioles, a division of bronchioles that enters alveolar 

ducts, have been noted. Alveolar ducts are first formed by the alveoli and smooth 

muscles. The alveolar sacs, which are a sphincter-like structure seen in the lung tissue, 

are created by the alveoli.  

 The respiratory region's final segment is this one. Through a pore in the 

alveolar septa, the alveoli coming from the surrounding alveolar ducts and respiratory 

sacs are joined. The structural and functional component of the respiratory region, 

called the alveolus, is also present in the lung tissue. The lung lesions are classified as 

alveolar (tiny air-sacs at the end of bronchioles), bronchiolar (smaller and main 

airways), alveolar/bronchiolar hyperplasia (morphologic change that occurs in the 

bronchiolar/alveolar epithelium), emphysema (shortness of breath), dysplasia 

(presence of abnormal cells in the tissues), mononuclear cell infiltration (chronic 

inflammatory reaction) and early stage of carcinoma (stage 1 – that has not spread to 

the other parts of the body). mononuclear cell infiltration (MNC), emphysema, 

hyperchromatic nuclei (HCN) regions. Whereas, BTSt and BTOG showed less 

reduction in the pulmonary lesions [hyperplastic, dysplastic, (early stage of carcinoma 

– starting of abnormal cells), mononuclear cell infiltration (MNC), emphysema, 

hyperchromatic nuclei (HCN) regions]. Therefore, these results indicate that these 

substances could potentially act as chemopreventive agents against the progression of 

lung. The study found that BT, OG, St, and BTOGSt resulted in a reduction in 

hyperplastic, dysplastic, (early stage of carcinoma – starting of abnormal cells),    
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Fig.83 The morphological appearance of lungs of different groups of animals after 

completion of 16th weeks of study 

 

 

 

 

 

 

 

 

 Fig. 83: The morphological appearance of lungs (mg/gm b.wt.) of different groups of animals 

after completion of 16th weeks of study 

                     Gp. I (Vehicle control) animals demonstrated normal architecture of lung 

sections showing alveolar sac (tiny air sacs), alveolar space (tiny air sacs), blood 

capillaries, alveolar duct, terminal bronchiole (contain a smaller number of alveoli), 

and blood vessels (Fig’s. 72a-d). 

 Gp. 2 [B(a)P] animals showed changes to the lung's histoarchitecture. 

At other locations, the alveolus, bronchiolar hyperplasia, hyperchromatic nuclei 

(darkly stained nuclei), widespread proliferation of bronchiolar epithelium giving rise 

to papillary progression, early stage of carcinoma was detected in B(a)P injected (Gp. 

2) lung tissues. Hyperplasia is the replacement of a single layer of bronchiolar and 

alveolar cells in certain areas by numerous layers of cells in Fig’s. 83 - 91.  The 

alveolar sac, alveolar duct, bronchiolar duct, and terminal bronchiolar structure were 

found to be distorted.  

 Gp. 3 (Black Tea), 4 (O. gratissimum), 5 (S. rebaudiana), and 8 (Black 

Tea + O. gratissimum + S. rebaudiana) treated animals exhibited mild hyperplasia, 

dysplasia, emphysema, mononuclear cell infiltration, decrease the number of 

pulmonary lesions, diminished the alveolar wall cells, hyperchromatic & uneven 

nuclei as compared to B(a)P gp. of animals (Gp. 2). Whereas, Gp. 6 (Black Tea + O. 

gratissimum) & 7 (Black Tea + S. rebaudiana) treated animals determined moderate 
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emphysema, mild hyperplasia with mild focal mononuclear cell infiltration was 

observed as depicted in Fig’s. 83 - 91. 

The study found that BT, OG, St, and BTOGSt resulted in a reduction in 

hyperplastic, dysplastic, (early stage of carcinoma – starting of abnormal cells), 

mononuclear cell infiltration (MNC), emphysema, hyperchromatic nuclei (HCN) 

regions. Whereas, BTSt and BTOG showed less reduction in the pulmonary lesions 

[hyperplastic, dysplastic, (early stage of carcinoma – starting of abnormal cells), 

mononuclear cell infiltration (MNC), emphysema, hyperchromatic nuclei (HCN) 

regions]. Therefore, these results indicate that these substances could potentially act as 

chemopreventive agents against the progression of lung carcinogenesis, as illustrated 

in Fig’s. 83 – 91. 

. 
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6.9.2.3 Histopathological analysis (detailed form) 

 

 

 

Fig. 84: The histology of the lungs [Vehicle control (drinking water only)] using staining 

hematoxylin and Eosin. A – Alveoli Space, B – Bronchiolar Space, BC – Blood Capillaries, AD – 

Alevolar Duct, TB – Terminal Bronchiole & BV – Blood Vessels 

Morphological features identified  

• Normal lung tissue structure. The normal architecture of lung sections shows a single 

layer of bronchiolar and alveolar epithelium. 
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Fig. 85: The histology of the lungs [B(a)P - Group (drug only)] using staining hematoxylin and 

eosin. A – Alveolus, BH – Bronchiolar Hyperplasia, CC – Clara cells, HCN – Hyperchromatic 

nuclei & BV – Blood Vessels 

Morphological features identified  

• The widespread proliferation of bronchiolar epithelium gives rise to papillary 

progression. 

• Starting of Early carcinoma. It has an even distribution of epithelial cells and nuclei 

with chromatin that is clumped in an uneven pattern. 
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Fig. 86: The histology of the lungs [Black Tea (BT) Group] using staining hematoxylin and eosin. 

A – Alveolus, B – Bronchiolar Space, BC – Blood Capillaries, AD – Alevolar Duct, TB – Terminal 

Bronchiole & BV - Blood Vessels 

Morphological features identified  

• Moderate emphysema. 

• Mild hyperplasia. 

• Very mild mononuclear cell infiltration (MNC). 
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Fig. 87: The histology of the lungs [O. gratissimum (OG) group] using staining hematoxylin and 

Eosin. A – Alveolus, B – Bronchiolar Space, BC – Blood Capillaries, AD – Alevolar Duct, TB – 

Terminal Bronchiole & BV – Blood Vessels 

Morphological features identified  

• Very mild emphysema. 

• Mild hyperplasia & dysplasia. 

• Mild mononuclear cell infiltration. 
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Fig. 88: The histology of the lungs [S. rebaudiana (St) Group] using staining hematoxylin and 

Eosin. A – Alveolus, B – Bronchiolar Space, BC – Blood Capillaries, AD – Alevolar Duct, TB – 

Terminal Bronchiole & BV – Blood Vessels 

Morphological features identified  

• Moderate emphysema. 

• Very mild hyperplasia, dysplasia. 

• Mild peribronchiolar mononuclear cell infiltration (MNC). 
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Fig. 89: The histology of the lungs [BTOG Group] using staining hematoxylin and eosin. A – 

Alveolus. B – Bronchiolar Space, BC – Blood Capillaries, AD – Alevolar Duct, TB – Terminal 

Bronchiole & BV – Blood Vessels 

Morphological features identified  

• Moderate emphysema.  

• Mild hyperplasia with focal mononuclear cell infiltration (MNC) (small place). 
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Fig. 90: The histology of the lungs [BTSt Group] using staining hematoxylin and eosin. A – 

Alveolus, B – Bronchiolar Space, BC – Blood Capillaries, AD – Alevolar Duct, TB – Terminal 

Bronchiole & BV – Blood Vessels 

 Morphological features identified  

• Moderate hyperplasia, less dysplasia. 

• Mild to moderate emphysema along with peribronchiolar mononuclear cell 

infiltration. 
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Fig. 91: The histology of the lungs [BTOGSt Group] using staining hematoxylin and eosin. A – 

Alveolus, B – Bronchiolar Space, BC – Blood Capillaries, AD – Alevolar Duct, TB – Terminal 

Bronchiole & BV – Blood Vessels 

Morphological features identified  

• Mild emphysema. 

• Mild hyperplasia, dysplasia along with mild inflammatory cell infiltration (MNC). 
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DISCUSSION 

Tea is a significant component of most people's daily diets and a strong natural 

source of antioxidants. Categorized into C. sinensis and non- C. sinensis teas; the 

former ones are also known as true teas, such as black, oolong, green, and white tea, 

whereas the latter ones are called herbal teas or tisanes (Cabrera et al., 2003; Ivanova 

et al., 2005; Kumar et al., 2018; Guleria et al., 2022). Teas are divided into non-

fermented, semi-fermented, and completely fermented categories depending on the 

manufacturing procedure (Xu and Chen, 2002; Zhang et al., 2019; Liu et al., 2023). 

Catechins, also referred to as polyphenols, are the active components that play 

significant roles related to biological activitiy of teas. Additionally, their antioxidant 

activity is widely recognized (Nibir et al., 2017; Brodowska, 2017; Zhang et al., 

2021). Teas (green and black) contain various forms of catechins and their derivatives, 

which make them capable of functioning as potential antioxidants (Soni et al., 2015; 

Nibir et al., 2017; Guleria et al., 2022). 

 It was revealed from various studies that tea extract, catechins, and 

polyphenols found in tea may help combat oxidative stress occurs and reduce in vitro 

DNA damage, caused by factors like arsenic exposure (Nibir et al., 2017; Singh et al., 

2021). When the production of ROS and RNS exceeds the capacity of these defense 

mechanisms to neutralize them, oxidative stress. This imbalance can damage to 

cellular components, including lipids, proteins, and DNA. Over time, chronic 

oxidative stress has been associated with various health issues, including cancer, 

cardiovascular and neurodegenerative diseases (Valko et al., 2006; He et al., 2017; Ho 

et al., 2022).  

  Under normal conditions, the body has a well-coordinated antioxidant defense 

system to counterbalance the formation of reactive species including free radicals. 

This defense system is essential for maintaining cellular and tissue health. The body’s 

natural defense systems, including antioxidants and repair enzymes, play a critical role 

in minimizing the damage caused by oxidative stress (Poljsak et al., 2013; Adwas et 

al., 2019; Demirci et al., 2022). Numerous reports have shown that balance between 

oxidative stress and antioxidant defenses is disrupted, which can lead to chronic 

inflammation, tissue damage, and various health problems such as cancer and 
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atherosclerosis, aging, arthritis, inflammatory and neurodegenerative diseases, etc 

(Phaniendra et al., 2015; Sharifi et al., 2020; Wang et al., 2023). 

 Antioxidant activity prevents the oxidation of proteins, lipids, DNA, or other 

substances. This inhibition stops the oxidative chain reaction’s propagation step, 

scavenging reactive species, and chelating metal ions (Lee et al., 2004; Pisoschi and 

Pop, 2015; Aureliano et al., 2023). One strategy to protect organisms from oxidative 

damage and inflammation and combat chronic diseases is to consume foods that are 

rich in antioxidants.  

  Herbal teas possess properties that can suppress reactive species, adding to their 

potential as a source of antioxidants for health benefits (Marnewick et al., 2005; 

Bhattacharya et al., 2011; Loganathan and Mohan, 2023). Various studies have 

reported leafy herbal teas (rooibos, rosemary, lemongrass, black tea, peppermint, 

lotus, mate, bamboo, and mulberry and persimmon leaf) exert a positive impact on 

lifestyle-related diseases because of their antioxidant, antiatherogenic, antimicrobial 

and chemopreventive activities. Herbal teas can be obtained from herbs, spices, or 

plants other than C. sinensis. The basil or tulsi plant leaves are a common medicinal 

plant in India used to supplement black tea. In this study, a comparison of the 

antioxidant potential of aqueous infusions of black tea granules or three species of 

basil (O. gratissimum, O. sanctum, and O. canum) alone and as a binary combination 

of black tea with different Ocimum spp. was undertaken.  

         The activity was measured regarding EC50 (half maximal effective 

concentration); the lower the EC50 higher the antioxidant potential. BT and other 

herbal teas (OS, OG and OC) illustrated applicable antioxidant quenching capability. 

To determine the antioxidant activity, chemical-based models (DPPH, ABTS and NO) 

and ex vivo assays (hemolysis and lipid peroxidation) were used, as shown in Fig. 28 -

32 and Table 10 - 16. DPPH is a free stable radical, and ABTS is a colored free 

radical reagent that is dissolved in organic and aqueous solutions (Kim et al., 2002; 

Mathew and Abraham, 2006). Excess nitric oxide radical (NOR) interacts with 

oxygen to form free radicals called nitrite and peroxy nitrite anions (Clancy et al., 

1992). Iron and catalyzed oxidation processes that result in hydroxyl radicals are 

modulated by NO (Dadashpour et al., 2011; Rana and Suttee, 2012).  

      These free radical scavengers are used for measuring and analyse the antioxidant 

capacity of food items, phytochemicals, plant extracts (herbal remedies) and drinks. 
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All assays (DPPH, ABTS, NO, LPO, and hemolysis) performed on the separate 

infusions showed that BT had the lowest EC50 (greatest antioxidant capability), as 

demonstrated in Fig. 28 – 32 and Table 10 - 16. Previous studies also reported the 

high radical scavenging ability of black tea in comparison to some herbal teas 

(chamomile tea, peppermint tea, verbena tea, rosemary tea, lemongrass tea, and sage 

tea) (Chan et al., 2010; Abbasian et al., 2013). Black tea expressed a maximum anti-

lipid peroxidation effect as compared to other infusions. Food color, texture, 

nutritional value and flavor are all affected by lipid peroxidation. Many studies 

showed black tea and Ocimum species can prevent oxidant-induced lipid peroxidation 

and hemolysis (Guleria and Sehgal, 2020). RBCs are frequently employed, as model 

system to explore whether plant extracts affect H2O2–induced damage. It is well 

known that the oxidation of PUFA in biological membranes can result in the 

production and dispersion of lipid radicals, oxygen uptake, double bond 

reconfiguration in unsaturated lipids, and even membrane lipid destruction. For a wide 

range of varieties of cells, many of these metabolic processes can produce very toxic 

breakdown products (Gavahian et al., 2018; Guleria and Sehgal, 2020).  

The phenolic and flavonoid compounds found in plants are crucial for free 

radical scavenging, stabilizing lipids to prevent peroxidation and inhibiting different 

types of oxidizing enzymes (Kahkonen et al., 1999; Karimi et al., 2010; Chandra et 

al., 2014; Manssouri et al., 2020; Royani et al., 2023). Extracts from plants have 

many therapeutic qualities, such as antidiabetic, anticarcinogenic, and antioxidant 

properties, which can be ascribed to their phenolics and flavonoid compounds (Karak, 

2019; Reddy et al., 2020; Bouslamti et al., 2023). Due to their capacity to neutralize 

free radicals phenolics can scavenge them. They can prevent the negative effects of 

oxidative stress (Hidalgo et al., 2010; Aziz et al., 2019). The potency of antioxidant 

activity in flavonoids relies on the free OH number and position (Panche et al., 2016). 

Maximum TFC was found in Black Tea, followed by O. gratissimum, O. sanctum and  

O. canum. In comparison, O. gratissimum leaves have higher phenolic content than 

other Ocimum species (O. americanum, O. minimum, O. citridorum, O. lamblifolium, 

and O. selloli) (Shannon et al., 2017). The differences found in the distribution of 

phenolic and flavonoid compounds among different Ocimum species may be 

attributed to genetic variations (Rababah et al., 2011; Shannon et al., 2017). A 

previous study showed that Camellia sinensis (black, green and white tea) and herbal 

tea (such as chamomile) are rich sources of phenolic and flavonoid compounds. The 
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highest amount of flavonoid compound was identified in black tea (Li et al., 2013). 

According to a previous study, black tea contains more flavonoids than berry and 

chamomile tea (Shannon et al., 2017).  

Black tea alone and in binary combinations (BTOG) showed a strong negative 

correlation between quenching activity (EC50) and TPC/TFC, respectively. Another 

study reported a similar relationship between tea phenolic content and antioxidant 

activity in green, white and black tea with an increase in TPC resulting in an increased 

radical DPPH scavenging potential of tea infusions (Pereira et al., 2014). The 

variations in the antioxidant activity of black tea and other teas may be due to 

differences in various factors such as cultivation, agricultural practices, cultivar, leaf 

age, grade, topographical conditions, storage and processing, and the number of 

polyphenols found in different teas (Damiani et al., 2014; Farooq and Sehgal, 2018; 

Guleria and Sehgal, 2022). 

Herbal products are used in various regions and cultures as a single herb, a 

combination of herbs, or a mixture of herbs and drugs (Wills et al., 2000; Che et al., 

2013). The effects can be complicated when herbs are combined because various 

interactions between the individual components can occur. Interactions resulting 

additional therapeutic benefits are the most desirable (Colalto, 2010; Che et al., 2013). 

When using combination therapy, this is frequently the desired or expected outcome. 

However, because herbal products contain multiple components, the effects of herb-

herb or herb-drug interactions are frequently unpredictable and complicated (Zhou et 

al., 2005; Gurley et al., 2012).  

Different forms of pharmacokinetic and pharmacodynamic interactions 

resulting from herb-drug combinations have been well described and documented in 

literature.  Herb-herb interaction, on the other hand, has received far less attention 

even though the use of herbal medicine as a therapeutic approach has been established 

and considered desirable since time immemorabale (Huangdi Neijing) China, more 

than 2,000 years ago (Che et al., 2013; Liu et al., 2014).  

Combination therapies are currently employed to achieve improved therapeutic 

effects in the treatment of deadly ailments like AIDS, cancer and pulmonary 

tuberculosis (Che et al., 2013). The interactions between different phytoconstituents 

present in it may influence the total antioxidant capacity of a mixture. These 

interactions can be classified into three categories: synergistic, additive and 
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antagonistic (Wang et al., 2011; Chen et al., 2022). When blended with O. 

gratissimum, black tea, it exhibited an additive interaction and maximum antioxidant 

potential. However, the supplementation of O. sanctum or O. canum resulted in 

antagonistic interaction and a lower radical scavenging ability (Guleria and Sehgal, 

2022). An additive interaction is due to an increase in the concentration of 

phytochemicals responsible for antioxidant potential, whereas antagonistic interaction 

may emerge because of alteration in structural characteristics of phytochemicals that 

may decrease the functional properties of a mixture (Hidalgo et al., 2010). The 

flavored black teas containing fruit or other plant extracts exhibited higher DPPH 

scavenging activity, followed by black tea and fruit teas (Pekal et al., 2011). The 

interaction between the antioxidant activity of tea (black and green tea extracts) and 

ascorbic acid in different weight ratios (10:1, 5:1, 2:1, 1:1, 1:2, 1:5 and 1:10) ranged 

from antagonism to additive (Enko and Swigło, 2015). The antioxidant potential of 

aqueous and methanolic extract of a polyherbal combination of some herbs [(tea + 

ginger (1:1), tea + black pepper (1:1), tea + tulsi (1:1), tea + ginger + black (1:1:1), tea 

+ black pepper + tulsi (1:1:1), and tea + ginger + black pepper + tulsi (1:1:1:1)] 

showed synergistic effect (Gupta et al., 2014). The binary combination of black tea 

and Ocimum spp. exhibited higher phenolic and flavonoid contents due to their higher 

concentration (2% w/v) than single infusions (1% w/v). The combination of black tea 

and O. gratissimum (BTOG) manifested maximum phenolic and flavonoid, followed 

by BTOS and BTOC. The binary combination of black tea and O. gratissimum was 

found to be the best among the studied pairs their antioxidant activity (Guleria and 

Sehgal, 2022). 

Tea research is currently significant attention and recognition globally because 

it contains different important secondary metabolites with antioxidant activity. 

because they conatin different important secondary metabolites with antioxidant 

activity. Tea leaves contain polyphenolic compounds (phenols and flavonoids) which 

are widely held for their pharmacological properties (Chaturvedula et al., 2011; 

Samarina et al., 2022; Guleria et al., 2022). Antihaemolytic, scavenging potential, and 

anti-lipid peroxidation were found maximum in the aqueous infusion of black tea in 

comparison to OG. This observation was in line with (UlHaq and Sehgal, 2020). BT 

had a higher flavonoid concentration than OG, although OG had a higher phenolic 

content. Blended black teas have higher amount of falavonoids in comparsion to 

unblended form diffrernt region of world like Assam, China and Ceylon (Peterson et 
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al., 2005; Shannon et al., 2017). According to a different study, black tea was found to 

hinder (copper-induced) lipid peroxidation and the production of thiobarbituric acid, 

while also demonstrating protection against AAPH-induced oxidative hemolysis of 

erythrocytes in a dosage-dependent manner (Liu and Huang, 2015). According to a 

study by Rababah et al., 2011, the fresh leaf extract of O. gratissimum had the highest 

level of phenolic content when compared to extracts from other species of Ocimum, 

including O. americanum, O. minimum, O. citridorum, O. lamlifolium, and O. selloi. 

The extract was obtained using aqueous, methanolic, and ethanolic solvents. Changes 

in the antioxidant capacity were observed by modifying the ratio of black tea and O. 

gratissimum in a combined mixture. According to a study, the quenching ability can 

also be impacted by combining different herbs in different ratios (Enko and Swiglo, 

2015; Muhammad et al., 2017). Research conducted on BTOG combinations revealed 

that they exhibited additive antioxidant interactions in many different tests. It was 

reported that the number of bioactive chemicals, the antioxidant's reaction rates, and 

their effective concentration at the oxidation site all impacted on how the antioxidant 

potential changed (Jiang et al., 2015; Sonam and Guleria, 2017). A modification of 

the antioxidant potential was seen by varying the ratio of BT and OG in a binary 

mixture. According to a study, the ability to quench can also be affected by combining 

different herbs in varying ratios (Enko et al., 2015; Muhammad et al., 2017). At a 3:1 

ratio, the combination of BTOG displayed the strongest antioxidant potential and 

additive interaction, according to Guleria et al. (2022). The nature of additive, 

synergistic and antagonistic interactions between a mixture of medicinal plants, such 

as plant-based meals, beverages as well as herbal remedies and its phytoconstituents, 

can affect the mixture’s antioxidant interaction (Wang et al., 2011; Enko and Swiglo, 

2015; Muhammad et al., 2017). Variations in structure, the deterioration of less potent 

antioxidants, the kind of radicals involved, and the production of radical adducts are 

some of the aspects that contribute to the interaction between phytochemicals (Han et 

al., 2012; Farooq and Sehgal, 2020).  

Gupta et al., 2019 found that while combining black tea in the ratio of 1:1:1:1 

with tulsi, ginger and black pepper has the maximum antioxidant capacity compared 

to their individual activity. Farooq and Sehgal, 2019 conducted a study revealing that 

green tea and O. gratissimum combined in the ratio of 1:1 possessed major synergistic 

interaction and ultimately good effect on radical quenching followed by 3:1, 2:1, 1:2 

and 1:3. Nedamani et al., 2015 documented that, in comparison to oak and rosemary, 
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green tea alone showed the highest scavenging activity. In the case of binary mixture, 

green tea: rosemary: oak (50:50:50) demonstrated the greatest capacity for quenching 

in comparison to the other ratios (50:50:100, 50:100:50, 100:50:100, and 100:100:50). 

All three types of interactions (additive, synergistic, and antagonistic) were noted in 

the mixed extract, however, they all displayed diverse behaviors. 

  The antioxidant activities and interactions are affected by several factors, such 

as the proportion of bioactive compounds, the structural properties of compounds, the 

type of radicals involved, and the reaction mechanisms observed in the various assays 

e.g. LPO, hemolysis, ABTS, and DPPH (Enko and Swiglo, 2015; Muhammad et al., 

2017; Milani et al., 2020). By altering the ratio between the two, it is possible to alter 

the binary mixture of BT and OG's capacity to quench radicals. The results of the 

investigation showed that an additive interaction between the two components, at a 

3:1 ratio, produced the best radical quenching efficacy in both in vitro and ex vivo 

tests. These findings may assist in the developing future designs or formulations for 

combining black tea with O. gratissimum in infusions (Guleria et al., 2022). 

The rise of obesity cases and the diabetes epidemic led to the development and 

commercialization of tea-based beverages supplemented with low-calorie artificial 

sweeteners such as aspartame, sorbitol, sucralose, and stevia (Ahmad et al., 2020). 

Among these, interest is generated for Stevia whole leaf extract as it not only acts as a 

sweetener but also contains phytochemicals with an antioxidant property that may 

further enhance biological activities of black tea.  

Stevia rebaudiana plant leaves are used to make the sweet sugar herb. It has a 

sweet-tasting component called steviol glycosides, which is naturally present in Stevia 

leaves (Singh et al., 2017). This study investigated the effect of S. rebaudiana 

(leaves), supplementation on the antioxidant potential of black tea, and O. 

gratissimum (3:1) was investigated. The antioxidant activity of various infusions was 

determined using DPPH, ABTS, NO, LPO and hemolysis assays. The activity was 

measured in terms of EC50 (half maximal effective concentration), the lower the EC50 

higher the antioxidant potential. For single infusions, S. rebaudiana showed the 

highest scavenging potency (DPPH, NO, LPO, and hemolysis), followed by Bt and 

OG. In the ABTS assay, black tea and S. rebaudiana (St) confined a similar effect to 

O. gratissimum. In some research reports, it was demonstrated that the aqueous extract 

of Stevia contained more antioxidant capacity and antihaemolytic capability than other 
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extracts (ethanol and methanol) (Kim et al., 2011; Viedma et al., 2017). Earlier 

studies also investigated the maximum radical quenching ability in black tea than 

other teas and herbs (chamomile tea, peppermint tea, sage tea, and Echinacea tea) 

(Cleverdon et al., 2018). It indicates that this variation occurred between the tea 

infusions in antioxidant parameters may be due to the presence of different 

phytoconstituents in different sample extracts like in Stevia (ascorbic acid, terpenes 

and steviol glycosides, etc.) and black tea (theaflavins & thearubugins), chemical 

nature, the reactivity of compounds and many antioxidant components (Nimse et al., 

2015; Sanchez et al., 2020).  

In combination, black tea + O. gratissimum (BTOG) and black tea + O. 

gratissimum + S. rebaudiana (BTOGSt) expressed maximum quenching ability. 

Earlier reports expressed the effect of various additives like sugar, lime juice, citric 

acid and milk in black tea infusion. Black tea with lime juice illustrated maximum free 

radical scavenging potential in comparsion to other additives (Muthuiah et al., 2009). 

The interaction between Black Tea and its binary (BTOG, BTSt) and ternary 

(BTOGSt) mixture ranged from nearly additive to antagonism. BTOG (black tea + O. 

gratissimum) and BTOGSt (Black Tea + O. gratissimum + S. rebaudiana) expressed 

maximum scavenging effect. Whereas, in other combinations, black tea + S. 

rebaudiana (BTSt) and O. gratissimum+ black tea (OGSt) displayed less effect may 

be due to the presence of some other phytochemicals in the mixture that inhibit the 

effect of the active component. From the previous studies, it was proved that each 

herb contains many constituents that possibly belong to different structural types (Che 

et al., 2013). The effects of herb-herb or herb-drug interactions can be complex and 

difficult to predict, likely due to the presence of multiple components in herbal 

products (Gu et al., 2014; Parasuraman et al., 2014).  

 In quantifying total phenolics/flavonoids, black tea contained more phenolic 

content than stevia and OG. The earlier report demonstrated that Camellia sinensis 

(black, green, and white tea) and herbal tea (chamomile) contained a high amount of 

TPC and TFC as compared to fruit juices (apple juices and orange juices) (Shannon et 

al., 2017). In the case of flavonoids, OG displayed maximum flavonoid content, 

followed by BT and stevia. The literature revealed that the O. gratissimum leaves 

contained a high number of phytochemical constituents like glycosides, steroids, 

alkaloids, terpenoids, tannins, and flavonoids (Alexander et al., 2016). At the same 

time, black tea in a ternary combination (BTOGSt) displayed maximum phenolic 



181 
 

content as compared to other combinations (BTSt, OGSt, and BTOG). However, in 

the case of TFC BTOG, BTSt, OGSt and BTOGSt (aqueous infusions) showed a 

similar effect. Another study revealed that the flavonoid, phenolic, and free radical 

potency of black tea with the addition of different additives like ginger, cinnamon, 

saffron, and coriander showed maximum antioxidant, polyphenol, and flavonoid effect 

(Amoozadeh et al., 2016). It was indicated that this variation is expected in plant 

extracts due to the presence of other constituents as well as in the types of 

phenolics/flavonoids involving its structure (number of aromatic/hydroxyl groups) and 

molecular size, different genotypes, distinct environmental and climatic conditions 

like temperature, light or drought, etc. (Hakkim et al., 2008; Rababah et al., 2011 and 

Tungmunnithum et al., 2018). Overall, the supplementation of stevia as an additive 

[BTOGSt (ternary) combination] showed a maximum free radical scavenging 

potential effect. Another report investigated that stevia with other polyherbal 

formulations (Nephrodiuminophyllum, Polygonum minus, Aunone squamosal L.) 

showed the highest antioxidant activity (DPPH & LPO), TPC and TFC (Rahim et al., 

2019). This indicates that different herbs have a variety of bioactive constituents with 

contrasting antioxidant abilities. When consumed together, total antioxidant capacity 

may be affected by synergistic, additive as well and antagonistic effects that may 

modulate physiological properties (Gupta et al., 2017). Results revealed antioxidant 

activity of black tea (BT) and different Ocimum spp. (O. gratissimum, O. sanctum, 

and O. canum Sims) alone or in binary/ternary combinations (BTOG, BTSt, OGSt, 

and BTOGSt) are highly contributed by phenolics or flavonoids. A strong correlation 

was noted between ABTS, DPPH and reducing power and phenolic or flavonoid 

content in aqueous leafy herbal tea extracts (rooibos, green, black, rosemary, 

lemongrass, mulberry leaf, bamboo leaf, and mate tea) (Oh et al., 2013).  

 Another study displayed a significant correlation between antioxidant capacity 

(DPPH and ABTS) and TPC or TFC for African green, white, and black orthodox tea, 

which implies that phenolic or flavonoid content could be the main components 

responsible for acting against oxidative damage (Carloni et al., 2013). 

Human exposure to genotoxic agents has increased dramatically. Exogenous 

and endogenous factors can impair genomic stability (Lutz, 1990; Hartwig et al., 

2020; Rietjens et al., 2022). Accumulated DNA damage can lead to mutations that 

contribute to the onset and development of cancer as well as other diseases (immune 

deficiencies, cardiovascular neurodegenerative diseases, aging, metabolic syndrome, 
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and infertility) (Moraes et al., 2012; Ambekar et al., 2017; Kumari et al., 2021). Black 

tea showed maximum antigenotoxic activity as compared to OG, OS, OC, and St. At 

the same time, BTOGSt expressed the highest effect of antigenotoxicity as compared 

to other combinations, respectively as shown in Fig. 64 and Table 42. Previously 

conducted studies have demonstrated that the antioxidant effects of tea flower extract 

(cinnamon, jasmine, daisy, rose and lotus) significantly inhibited the hydroxyl radical-

induced DNA damage as compared to 75% ethanol extract of fresh tea leaves (green, 

black and oolong) in LPS-induced RAW 264.7 cells (Lin et al., 2003). Earlier studies 

also investigated the maximum radical quenching ability in black tea than other teas 

and herbs (chamomile tea, peppermint tea, sage tea, and Echinacea tea) (Cleverdon et 

al., 2018). Previous literature determined that the five extracts (Petroleum ether, ethyl 

acetate, absolute ethanol, 95% ethanol and water) of Folium Sennae (FS) could 

effectively protect against hydroxyl radical–induced DNA damage and also scavenge 

hydroxyl radical (.OH) scavenging, superoxide anion (.O2
-), DPPH, ABTS & Cu2+ 

reducing power assays (Lin et al., 2014). It was found that natural phenolic 

antioxidants can shield against oxidative DNA damage through two methods. Firstly, 

they can scavenge the •OH radical before it causes any DNA damage, and secondly, 

they can hinder the production of DNA radicals resulting from the •OH radical attack 

(Lin et al., 2014).  

Cytotoxicity refers to the ability to harm or damage cells. When assessing the 

efficacy of a substance as a chemo-preventive agent, it is crucial to find a balance 

between its therapeutic benefits and potential harmful effects on cells caused by its 

various infusions. Different methods are used to evaluate toxicity screening. MTT (3-

(4, 5-dimethylthiazolyl-2)- 2, 5-diphenyltetrazolium bromide) and SRB tests are 

commonly used to screen for cytotoxicity in various materials.  

The SRB (Sulforhodamine) assay was created by Skehan et al., 1990 to 

precisely and reliably determine the amount of protein within a cell. This assay relies 

on the ability of the pink amino xanthine SRB dye to attach to the basic amino acid 

residues of the proteins found within the cell. The SRB assay is a more sensitive 

cytotoxicity method than the MTT assay, and the relationship between absorbance and 

cell number is linear, even with high cell numbers. Furthermore, unlike the MTT test, 

the SRB test does not rely on metabolic activities and provides results independent of 

a variety of alternative conditions. Considering, the in vitro cytotoxicity effect of 

aqueous infusion of black tea (BT), O. gratissimum (OG), S. rebaudiana (St) alone or 

in binary/ternary combination were tested against A549 human lung cancer cell line 
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using SRB (Sulforhodamine) assay was evaluated. Because the above-mentioned 

infusions needed to be tested further for in vivo lung cancer models, a lung cancer cell 

line was chosen.  

The results demonstrated that all aqueous individual and combined infusions 

(OG, St, BT, BTOG, BTSt and BTOGSt) showed reduced cell viability and 

percentage of growth inhibition of A549 cells at 48h. These aqueous infusions 

illustrated greater inhibition at lower concentrations. In the previous studies, black tea 

constituents such as theaflavins and thearubigins and their combination cause 

inhibition in cell viability against HCT-116, HT 460, HT-29, MCF-7, A549, and NIH-

3T3 (colon cancer cells, lung cancer cells, human colon carcinoma, human breast 

carcinoma, human alveolar carcinoma and healthy cell lines) respectively (Konarikova 

et al., 2015; Imran et al., 2019). Whereas, in other reports, stevia (crude 

dichloromethane) and O. gratissimum (aqueous) leaf extract significantly showed a 

percent of inhibition as compared to hexane and methanol extract in A549 cells and 

NCI-H 187 lung cancer cell line (Chen et al., 2010). A549 is a lung carcinoma 

epithelial cell that constitutes a cell line. These cells were isolated from the lung tissue 

of a White, 58-year-old male with lung cancer. This cell line can be used in cancer, 

immuno-oncology, and toxicology research. 

 It is a human alveolar basal epithelial cell that shows a long fusiform shape, 

small size, clear cell boundaries, well-adherent pebble-like growth, placental 

cytoplasm, and fewer cytoplasmic granules. Adriamycin is a drug that comes from the 

bacterium Streptomyces peucetius and is used alone or with other drugs to treat many 

types of cancer, including leukemia, lymphoma, and certain cancers of the lung. It 

slows or stops the growth of cancer cells by blocking an enzyme called topoisomerase 

(Chen et al., 2019). It is round and normal in shape. The cells showed a reduction in 

cell volume and destabilization of the plasma membrane. Meanwhile, aqueous 

infusions inhibit cell growth, uniform detachment of cells, cell shrinkage, and 

membrane integrity. Morphological appearance is not as clear in OG-treated cells, 

which could be attributed to the consistency and composition of the O. gratissimum 

sample.  

The respiratory system, specifically the lungs, is susceptible to inhaled 

contaminants such as pollutants and carcinogens like B(a)P. These compounds have 

been recognized as essential factors in the growth of lung cancer (Bostrom et al., 

2002; Valavanidis et al., 2013; Vargas et al., 2023). Most lung cancer cases are not 
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diagnosed until they have reached advanced stages, at which point treatment options 

tend to be primarily focused on providing palliative care (Collins et al., 2007; Ferrell 

et al., 2015; Wachter et al., 2022). An extremely potent procarcinogen called B(a)P is 

transformed into a variety of metabolites by enzymes, which can start the tumorigenic 

process (Goyal et al., 2010; Thirunavukkarasu et al., 2013; Bhardwaj et al., 2022). 

ROS are generated through metabolic processes in the form of hydrogen peroxide, 

hydroxyl radicals, and superoxide anion. However, when their production exceeds the 

body’s capacity to neutralize them, it can lead to elevated ROS levels in cells.  

Oxidative stress occurs when there is imbalance between the production of 

ROS and the ability of the cell to scavenge & neutralize these harmful molecules 

(Elera et al., 2012; Basak et al., 2020). These imbalances can be caused by several 

factors, including exposure to environmental toxins (like carcinogens), mitochondrial 

dysfunction, and inflammation (Ziech et al., 2010; Azzam et al., 2012). Abnormal 

cancer cell growth is often associated with oxidative stress. High levels of ROS can 

cause damage to cellular components, including DNA, proteins, and lipids (Basak et 

al., 2020). Recent cancer chemopreventive agents have been employed to prevent 

different forms of cancer based on findings from animal experiments and 

epidemiological data (Kotecha et al., 2016; Menter and Bresalier, 2023). Based on the 

insights gained from animal experiments and epidemiological data, researchers may 

identify promising compounds or strategies for cancer prevention (Esmeeta et al., 

2022). These can include natural compounds found in foods, dietary components 

(vegetables, fruits, spices, teas) and medicinal plants (Huang et al., 2009; Roy et al., 

2018; Esmeeta et al., 2022). 

 Chemoprevention has the potential to be an essential method of preventing 

cancer for both the general population and, more importantly, for individuals at high 

risk (Wattenberg, 1997; Reddy, 2000; Gu and Li, 2020). (Gullett et al., 2010; 

Feitelson et al., 2015; Dutta et al., 2019; Li et al., 2023). Therefore, it is increasingly 

important to identify natural compounds that can stop, slow down, or stop the 

development of cancer, which is becoming more and more crucial (Baker et al., 1995; 

Gullett et al., 2010; Tewari et al., 2022).  

Phenolic compounds, such as flavonoids and polyphenols derived from plants 

have been shown to play an essential role in controlling the levels of reactive oxygen 

species in the body, which are associated with cancer development, reducing the risk 
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of cellular damage and mutations, inducing apoptosis, blocking signaling pathways, 

slow down the rate of cell division and proliferation, especially in cancer cells target 

specific enzymes as well as proteins involved in the cell cycle preventing uncontrolled 

cell growth and inhibition of angiogenesis (depriving cancer cells of their blood 

supply and impeding tumor growth (Hadi et al., 2000; Miekus et al., 2020; Alotaibi et 

al., 2021). In recent years, extensive endeavors have been undertaken to enhance 

natural or synthetic chemopreventive agents that can block or modulate these specific 

molecular targets (associated with different types of cancer) which may be specific 

genes, proteins, or pathways involved in cancer development (Mehta et al., 2010; 

Karikas, 2010; Perez et al., 2019; Thompson and Lutsiv, 2023). For the in vivo trial in 

this investigation, black tea and O. gratissimum were combined because, at a 3:1 ratio, 

it showed the best antioxidant potential and maximum additive effect (Guleria et al., 

2022). Thus, aqueous infusions of black tea, O. gratissimum, and their combination 

with S. rebaudiana (ternary mixture) as an additive were tested against 

benzo(a)pyrene-induced lung histological changes in various experimental groups. 

The observations of the present study illustrated significant differences in water 

consumption and food intake in all experimental groups (p ≥ 0.05) Fig’s. 78, 79, and 

80. A recent study reported, no difference in water and food consumption for B(a)P 

administration animals as compared to control group animals (Mohan and Koul, 

2018). The average body weight in B(a)P-activated mice (Group 1) was decreased, 

and the lung weight augmented when compared with a normal group of animals. In 

the treatment of black tea (different dietary infusions) to B(a)P – induced mice, the 

body weight was improved/increased and lessened lung weight as compared to non-

treated groups (Kamaraj et al., 2009; Ravichandran et al., 2011). On the other hand, a 

tumor was noted in B(a)P-injected mice (Gp. 1) while both treated groups (3,4,5,6,7 

and 8) showed a reduction in the tumor size gradually as shown in Table 46 and 47 

and Fig. 81 - 83. 

 Early carcinoma was identified in B(a)P-group animals (Gp.1), as shown in Fig. 

85. It has been reported that B(a)P-induced lung histological changes are linked to 

gene mutations, such as growth-promoting gene up-regulation (cMyc and Hras), pro-

apoptotic gene down-regulation (Caspase, p53, Bax), and anti-apoptotic gene (BCl2) 

alternation in the level of antioxidant (oxidative imbalance of cell), which may start 

various pulmonary disorders, including pulmonary fibrosis, chronic obstructive 
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pulmonary disease (COPD), emphysema and finally lung cancer (Meuwissen and 

Berns, 2005; Banerjee et al., 2006; Manna et al., 2009; Hong et al., 2007).  

         According to experimental data, B(a)P-induced carcinogenesis in mice results in 

cellular and histological alterations that can be classified as hyperplasia, dysplasia, 

carcinoma in situ, and invasive carcinoma. The present study showed that after 16 

weeks of B(a)P administration, the B(a)P-group of animals (Gp.1) displayed 

progressive histological abnormalities that were identified as papillary progression in 

the bronchiolar epithelium (Early carcinoma) in only Gp. 1 of mice. BT, OG, St, 

BTOG, BTSt & BTOGSt administrated animals expressed a reduction in hyperplasia, 

emphysema, mononuclear cell infiltration (MNC) as compared to Gp.1.  The early 

stage of carcinoma was highest in B(a)P-treated animals (Gp.1) (p≤0.05) in addition to 

the widespread proliferation of papillary progression in the alveolar, bronchiolar 

epithelium in all Gp. 1 animal.  

         Earlier reports also revealed a regular increase in lung lesions and finished with 

hyperplasia, dysplasia, and carcinoma in situ was regularly seen after B(a)P treatment 

(Banerjee et al., 2006; Manna et al., 2009). The tumor formation was noted in this 

study, due to the route of administration, age of mice, schedule of dose, the 

concentration of dose & mice strain (Swiss albino mice). Some reports showed that 

single or multiple intraperitoneal/oral doses of B(a)P with dose ranging from 50-100 

mg/kg B.W in A/J, Balb/c or Swiss Albino mice leads the formation of tumor (nodule) 

after a different period (16-26 weeks) (Yan et al., 2005; Yan et al., 2006; Yeo et al., 

2017; Mohan and Koul, 2018 andVelli et al., 2019). Some studies demonstrated that 

lung tumors develop 16 and 28 weeks after the initial dose of the carcinogen when 

Swiss albino mice are repeatedly administrated oral intubation of B(a)P at 2 to 5 

mg/kg B.W (Katiyar et al., 1993; Kamaraj et al., 2009; Venugopal et al., 2014). 

However, some findings found that a B(a)P of 50 mg/kg, B.W) twice, was orally 

injected in Swiss albino mice. The alternation of antioxidant enzyme status, 

oncogenes expression, and suppressor of tumors gene expression may be the cause of 

this inhibition in dysplasia, hyperplasia, and carcinoma by all aqueous infusions (BT, 

OG, St, BTOG, BTSt and BTOGSt) extracts. Plant extracts, which often contain a 

variety of bioactive compounds, have been studied for their ability to modulate 

multiple mechanisms involved in carcinogenesis, such as inhibiting the activation of 

procarcinogens, neutralizing ROS, reducing oxidative stress and potential damage to 

cellular components, including DNA, enhancing the activity of the body’s endogenous 

defense systems, slow down the proliferation of cancer cells by interfering with cell 
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cycle regulation and cell signaling pathways, mitigate inflammation, reducing the 

likelihood of tumor initiation as well as progression and promote apoptosis in cancer 

cells, thus preventing their survival and spread  (Kasala et al., 2015).  

Administering an aqueous extract of black tea and polyphenols can hinder the 

development of lung tumors caused by B(a)P (Krishnan et al., 2005). OG extract 

(leaves) was shown to have potential for treating lung cancer by suppressing cell 

viability in A549 cells, breast carcinoma (MCF 57), murine macrophages Raw 264.7 

cancer cell line, acute monocytic leukemia (THP-1) and normal fibroblast A1R5 cell 

line that were stimulated to undergo apoptosis and reduced anti-apoptotic signaling 

(Chen et al., 2010; Nganteng et al., 2022). Numerous research studies have indicated 

that derivatives obtained from S. rebaudiana, such as aglycon (isolated from stevia) 

and steviol glycosides, can lead to the cessation of the cell cycle and PCD in breast 

cancer cells (Peteliuk et al., 2021). Steviol acts as anti-proliferative and its acts to 

reduce viability in different human cancers such as gastrointestinal tract, prostate, 

lung, breast and colorectal (Boonkaewwan et al., 2008; Chen et al., 2018; Peteliuk et 

al., 2021). It is believed that whole foods are more beneficial to health than individual 

nutrients or supplements. This is because whole foods contain a complex mix of 

nutrients, phytochemicals, and other compounds that work together synergistically to 

provide health benefits (Liu et al., 2013). In the current study, all infusions were found 

equally effective against the reduction of B(a)P-induced early carcinoma in the mice 

as illustrated in the Table 46 and 47s. Phytochemicals refer to naturally occurring 

biologically active compounds possessed by plants, offering several health benefits, 

like anti-inflammatory, anti-cancer etc. When consumed as a binary/ternary mixture, 

their interactions (additive, synergistic and antagonistic) can result in unique 

biological effects that cannot be predicted based on the individual effects of each 

compound. BT, OG, and St are examples of phytochemicals that may act differently 

when combined in vivo. Catechins are found in high concentration in black tea and 

TF/TRs (theaflavins/thearubugins), which are potent antioxidants that may help, 

reduce the risk of cancer and heart disease. OG is a source of rosmarinic acid, rutin, 

catechins, nepetoidin, and chlorogenic acid which has been shown to have anti-

inflammatory properties and may help to prevent cancer. Stevia consumption appears 

to have positive effect on diseases- hyperglycemia, dyslipidemia, and hypertension, 

while numerous studies describe its antioxidant, anti-inflammatory, and anti-cancer 

effects. These properties are attributed to the plant’s leaf extracts which contain 
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steviol glycosides and polyphenols, with potentially important bioactive effects 

(Purkayastha et al., 2016; Salehi et al., 2019; Wang et al., 2020).  

  In a BTOG and BTOGSt binary/ternary combination, the two/three compounds 

may interact in such a way that they normalize the activity of each other. e.g. BT 

catechins, TRs, and TFs may enhance the anti-inflammatory properties of rosmarinic 

acid, chlorogenic acid in OG, and steviol glycosides in stevia while rosmarinic acid, 

steviol glycosides may increase the bioavailability of catechins in BT. The phenolic 

compounds in binary/ternary mixtures may act differently in vivo conditions due to 

their complex interactions and influence from various biological pathways. Therefore, 

it is important to consider the potential synergistic, additive, or antagonistic effects of 

phytochemicals in binary/ternary decoction when evaluating their health benefits. The 

treatment of BT, OG, St, BTOG, BTSt and BTOGSt decreased the occurrence of 

hyperplastic, dysplastic, and mononuclear cell infiltration as compared to Gp. 1 

animal. The widespread proliferation of alveolar, bronchiolar hyperplastic zone along 

with MNC was reduced in all aqueous infusions (Gp. 2,3,4,5,6,7 and 8) related to 

B(a)P administrated group (Gp.1). Enhanced levels of BCl2 might be the reason for 

reduction of lung lesion which in turn can regulate cell survival and apoptosis. By 

promoting cell survival and inhibiting apoptosis, BCl2 can help to reduce the number 

and size of different stages/zones of cancer (hyperplasia, dysplasia and metastasis-

early carcinoma) in the lung. 

 Histological alternations refer to changes in the tissue structure and identifying the 

early signs of carcinogenesis or potentially preventing the development of cancer that 

can be observed under the microscope. Thus, the combination BTOG and BTOGSt 

showed a shielding effect against B(a)P-induced alternations. In numerous animal 

studies, black tea has shown its chemopreventive potential. In many reports, black tea 

displayed its chemopreventive potential effect (Wang et al., 1992; Yang et al., 1997; 

Landau et al., 1998; Shukla et al., 2002; Banerjee et al., 2005; Krishan et al., 2005; 

Murugan et al., 2007; George et al., 2011; Eldeen et al., 2015; Hudlikar et al., 2019). 

BT with reversterol and curcumin in combination indicated an increased reduction in 

the tumors in the lungs and proliferation of cells in the liver (George et al., 2011; 

Eldeen et al., 2015) as compared to alone. Thus, in vitro studies expressed that black 

tea, with its phytochemicals, other herbs, and drugs demonstrates greater activity, and 

enhances its bioavailability effects than individual extracts (Hudlikar et al., 2019; 

Guleria et al., 2022). The present work revealed that the administration of BT, OG and 
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St showed cytotoxicity in A549 (lung cancer cell line) and anti-genotoxicity against 

H2O2-induced DNA damage followed by BT, OG and St alone. The study also found 

that BT, OG, St, and BTOG & BTOGSt resulted in a reduction in hyperplastic, 

dysplastic, and metastasis (early stage of carcinoma) zones, indicating that these 

substances could potentially act as chemopreventive agents against the progression of 

lung carcinogenesis. Hence, it is possible to think of BTOG and BTOGSt as 

chemopreventive drugs to stop the development of respiratory tumors. 

      When people start smoking many harmful chemicals are released like pro-

oxidants, free radicals, NNK, B(a)P, etc the cigarette smoke enters the lungs the cells 

of the lungs start to form an irregular shape after binding these chemical molecules 

with a lung cell the DNA starts mutated and damaged. The cell signaling pathways 

genes are overexpressed. The cells start dividing in uncontrolled form and become 

tumors. After the treatment with herbal teas/plant extracts, there are some bioactive 

compounds, Polyphenols are present in tea which bind with the cells of lung tumors 

and block the overexpression of various genes like BCl2, anti-apoptotic proteins, etc. It 

activates pro-apoptotic proteins, arrests the cell cycle, induces apoptosis, and 

treats/recovers the tumor cell/lung cancer as shown in Fig. 92. 

 

                   

 

                    Fig. 92:  Hypothetical diagram of lung cancer mechanism 
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SUMMARY & CONCLUSION 

     For several biological activities, black tea, herbal teas (including O. 

gratissimum, O. sanctum, O. canum and S. rebaudiana), and the binary/ternary 

combination of black tea & herbal teas were all assessed. In chemical (DPPH, ABTS 

and NO) and ex vivo models (LPO and hemolysis) BT and BT mixtures demonstrated 

greater radical quenching properties than single plant extracts/individual herbal teas. 

Using Compusyn software, the dose-effect relationship was used to determine the 

antioxidant interactions. The interactions between BT/herb decoctions ranged from 

slight antagonism to additive compared to BTCs and other individual infusions. The 

BT single infusion showed the highest TFC while OG (O. gratissimum) expressed 

maximum TPC in comparison to BTCs and other individual infusions. The phenolic 

and flavonoid content of BTOG, however, showed no discernible variation. A high 

negative correlation was observed between TPC/TFC and antioxidant activities (EC50) 

of alone and binary decoction (BTCs). When evaluating the chemopreventive 

potential or bioefficacy of an herbal combination, the percentage of each herb can be 

quite important.  This combination (BT and OG) was further examined at various 

ratios (3:1, 2:1, 1:1, 1:2 & 1:3). The maximum radical quenching ability and strongest 

additivity were seen in chemical and ex vivo models when black tea and O. 

gratissimum mixtures were used in a 3:1 proportion. Further testing was conducted on 

the BTOG decoction (3:1) to determine its impact on the cytotoxicity of A549 cell 

lines. The cytotoxicity of all samples (BT, OG, St) and binary (BTOG, BTSt & OGSt) 

or ternary (BTOGSt) was dose-independent. To check the antigenotoxic potential of a 

binary and ternary mixture of black tea granules with three different species of 

Ocimum. Black tea expressed maximum antigenotoxicity than other individual 

samples. While in combination BTOGSt showed the highest effect of antigenotoxic 

activity as compared to other combinations. Additionally, this mixture was examined 

in vivo for its ability to prevent lung lesions caused by B(a)P from developing into 

cancer chemopreventive effects. B(a)P-induced animals demonstrated papillary 

progression (early carcinoma) and the presence of dysplastic, hyperplastic, metastatic 

zones, emphysema & mononuclear infiltration (MNCs). However, BT, OG, St, BTOG 

and  BTOGSt-treated animals expressed a similar reduction in these regions (Gp. 3, 4, 

5, 6 and 8) than group 1. Because of this, chemopreventive agents like BT, OG, St, 

BTOG, and BTOGSt may be effective in preventing the development of lung tumors. 

This research gives researchers a solid foundation for developing beverages with BT 
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based on combinations of antioxidants that may increase the effectiveness of BT as a 

chemopreventive agent.  
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2nd International Conference on Environmental, Agricultural, Chemical and 

Biological Sciences (ICEACBS2021) held from 24 – 01 – 2021 to 26 – 01 – 2021 in 

support of United Nations SDGs organized by Voice Of Indian Concern for the 

Environment (VOICE) in association with CAFRE, University of Pisa, Italy. Murray 

State University, Murray, Kentucky, USA. Department of Biotechnology, GLA 

University, Mathura, Uttar Pradesh, India. Department of Zoology, Mercy College, 

Palakkad, Kerala, India. Department of Environmental Science, DM College of 

Science, Dhanamanjuri University, Imphal, Manipur, India. Department of 

Biochemistry, Vels University, Chennai, Tamil Nadu, India. 
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                                                                                                            APPENDIX VI               

 

LIST OF WORKSHOPS 

 

❖     Participation in Workshop on Research Methodology using SPSS organized at 

Lovely Professional University from February 24, 2017 to February 25, 2017. 

 

❖    Participation in Hands on Training to improve Quality of Research Conducted 

on Experimental Animals organized by Human Resource Development Center, 

Lovely Professional University from March 23, 2018 to March 24, 2018 and obtained 

‘O’ Grade. 

 

❖     Participation in Author workshop on “How to Write and Publish Scientific 

Articles and Manuscripts” organized by Lovely Professional University, Punjab and 

Springer Nature held on 15th April, 2018 at Lovely Professional University, Punjab. 

 

❖    Participation in Training on The Care and Use of Laboratory Animals in 

Accordance with Ethical Guidelines organized by Lovely Professional University 

w.e.f. March 11, 2022 to March 12, 2022. 
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