
Effect of phytocomponents from Bauhinia variegata L. on Lung cancer cell lines 

 

TABLE OF CONTENT 

Contents Page Nos. 

List of Abbreviations      I-II 

List of figures    III - VIII 

List of Tables       IX 

Abstract     X-XII 

1. Introduction       1 

1.1    Cancer       3 

1.1.1 Overview of Cancer Prevalence       3 

1.1.2 Understanding the basics of Cancer       5 

1.2     Classification of Cancer       6 

1.3     Lung Cancer       6 

1.3.1 Causes and occurrences of Lung cancer       6 

1.3.1.1 Causes of Lung cancer       7 

1.3.1.2 Prevalence rate of Lung Cancer       7 

1.3.2 Types of Lung cancer       8 

1.3.3 Stages of Lung cancer     10 

1.3.3.1 Stages of non-small cell lung cancer     10 

1.3.3.2 Stages of small cell lung cancer     10 

1.3.4 Lung cancer: Highest death rate and poorest patient survival     10 

1.4     Diagnosis of lung cancer     11 

1.5     Treatments of Lung cancer     12 

1.6     Side effects of present treatments and lung cancer     13 

1.7     Relapse and reoccurrence of lung cancer     14 

1.8     Prevention of lung cancer     15 

1.9    ROS and apoptosis     15 

1.10  Apoptosis     16 

1.11  Molecular signalling pathways in lung cancer     18 

1.11.1  Receptor Tyrosine Kinase – (RTK) Pathway     18 

1.11.2  Ras/Raf/MEK/ERK Pathway     19 



1.11.3  PI3K Pathway     21 

1.11.4  TP53 Pathway     22 

1.11.5   BRAF/ MAPK Pathway      23 

1.12 Targeted Drugs in development or approved for Lung Cancer      23 

1.12.1  Erlotinib      23 

1.12.2  Bevacizumab      24 

1.12.3  Crizotinib      24 

1.12.4  Afatinib      24 

1.12.5  Cabozantinib      24 

1.13 Combination therapy in Lung cancer      25 

1.14 Side effects of drugs available for lung cancer      25 

1.15 Herbal therapy for lung cancer      27 

1.15.1 Role of Phytochemicals in Lung cancer therapy      27 

1.15.2 Medicinal plants mentioned in Ayurveda for the treatment of lung 

cancer 

     27-29 

1.16 Choice of Lung Cancer Cell lines for the study      30 

1.16.1 A549 Adenocarcinoma Human Alveolar Basal Epithelial Cells      30 

1.16.2 NCI-H460 Human Lung cancer Cells      30 

1.17 Plant derived anti-cancer drugs used in the study      31 

1.17.1 Paclitaxel      31 

1.17.2 Gemcitabine      31 

1.18 Rationale of the current study      32 

1.19     References     33-43   

  

2. Aim and objectives of the study     44-46 

  

3. Extraction, characterization of crude extract of Bauhinia variegata 

L. and evaluation of its invitro anti cancerous activity on lung cancer 

cell lines 

      47 

3.1     Introduction       48 

3.1.1 Classification of Bauhinia variegata       48 

3.1.2 Vernacular names of Bauhinia variegata       48 



3.1.3 Parts of use       48 

3.1.4 Distribution of Bauhinia variegata       48 

3.1.5  Morphology of Bauhinia variegata         49 

3.1.6  Traditional use of Bauhinia variegata         49 

3.1.6.1  Folk medicine         49 

3.1.6.2   Ayurveda         50 

3.1.6.3   Unani         50 

3.1.7   Phytochemicals present in Bauhinia variegata         50 

3.2       Materials and Methods (Section I)         51 

3.2.1   Collection of plant materials         51 

3.2.2   Preparation of extract         51 

3.2.3   Preliminary phytochemical analysis         52 

3.2.4   Antioxidant activity determination         54 

3.2.4.1   DPPH assay         54 

3.3       Results         55 

3.3.1   Phytochemical analysis         55 

3.3.2  Antioxidant activity of whole plant extract of Bauhinia variegata         56 

3.4      Introduction (Section II)         56 

3.5      Materials and Methods         57 

3.5.1  In Vitro Culturing of Human Lung Cancer Cell Lines         57 

3.5.1.1  Cytotoxic Assay by MTT method         57 

3.5.2  Soft agar colony formation to evaluate cellular transformation         58 

3.5.3  Wound healing assay/Scratch test         58 

3.5.4  DNA fragmentation         59 

3.5.5  Intracellular ROS analysis by DCHF-DA         59 

3.5.6  Fluorescent Microscopy by DAPI Staining and Acridine 

Orange/Ethidium Bromide Staining 

        60 

3.5.7 Determination of caspase 3 activity in cell line         60 

3.5.8 TMRM Staining for Mitochondrial Membrane Potential 

Measurement 

        60 

3.5.9 Statistical analysis         60 

3.6     Results and Discussion         60 



3.6.1 MTT Assay: Potential for Cytotoxicity         60 

3.6.1.1 Cytotoxic Screening of Extracts on A549 Cells by MTT Assay         60 

3.6.1.2 PEBE Inhibit Growth and Proliferation of A549 Cells         62 

3.6.1.3 Determination of IC50 Value of PEBE Extract         63 

3.6.2 MTT Assay - H460 Cells         63 

3.6.2.1 Cytotoxic Screening of Extracts on H460 Cells         63 

3.6.2.2 CBE Inhibits Growth and Proliferation of H460 Cells         65 

3.6.2.3 Determination of IC50 Value of CBE Extract         65 

3.6.3 Colony Growth Inhibition Studies - Soft Agar Assay         66 

3.6.3.1 PEBE Inhibits A549 Colony Growth        66 

3.6.3.2 CBE Inhibits H460 Colony Growth        67 

3.6.4 Wound Healing Assay/ Scratch Test        68 

3.6.4.1 PEBE Showed Slower Migration in A549 Treated Cells        68 

3.6.4.2 CBE Showed Slower Migration in H460 Treated cells        69 

3.6.5 DNA Fragmentation Studies        70 

3.6.5.1 PEBE Induces Cellular DNA Fragmentation in A549 Cells        70 

3.6.5.2 CBE Induces Cellular DNA Fragmentation in H460 Cells        71 

3.6.6 Quantification of ROS        71 

3.6.6.1 Effects of PEBE on Intracellular ROS Levels of A549 Cells- 

DCHF-DA Assay 

       71 

3.6.6.2 Effects of CBE on Intracellular ROS Levels of H460 Cells - DCHF-

DA Assay 

       72 

3.6.7 Alterations in Nuclear Morphology - DAPI Staining       73 

3.6.8 AO/EtBr Staining       74 

3.6.8.1 AO/EtBr Staining in A549 cells       74 

3.6.8.2 AO/EtBr Staining in H460 cells       75     

3.6.9 Caspase-3 Activity in Cell Lines after PEBE and CBE Treatment       75 

3.6.10 Alteration in Mitochondrial Membrane Potential by TMRM 

Staining 

      76 

3.6.11 Conclusion       77 

3.7    Chemical characterization of Bauhinia variegata L. bark extract 

by TG-DSC, FT-IR and GC-MS analytical techniques 

      79 



3.7.1 Introduction       79 

3.7.2 Thermal analysis parameters (TGA/ DSC)       79 

3.7.3 Fourier-transform infrared spectroscopy (FTIR)       79 

3.7.4 Gas chromatography–mass spectrometry Analysis for identification 

of compounds (GC-MS) 

      80 

3.8     Results and Discussion        80 

3.8.1 Thermal analysis parameters of extracts        80 

3.8.2 Fourier-transform infrared spectroscopy (FTIR)        81 

3.8.3 Gas Chromatography–Mass Spectrometry Analysis        83 

3.9     Conclusion        85 

3.10 References        86-89 

  

4. Isolation & identification of effective phytocomponents from active 

extracts of Bauhinia variegata L. by analytical methods and to 

examine its effects on cytotoxic parameters in lung cancer cell lines 

       90 

4.1      Introduction       91 

4.2      Materials and Methods (Section I)       91 

4.2.1  Chemicals       91 

4.2.2  Preliminary phytochemical screening       92 

4.2.3  Optimization of TLC solvent system for column chromatography       92 

4.2.3.1  Isolation and partial Characterization of Phytocomponents from 

PEBE and CBE of Bauhinia variegata by Column chromatography 

      92 

4.2.3.2   Protocol for Column Chromatography – For PEBE       93 

4.2.3.3   Thin layer chromatography       93 

4.2.3.4   Column Chromatography - Protocol for CBE       94 

4.3       Results and Discussion       94 

4.3.1 Standardization of solvent system for PEBE and CBE       94 

4.3.1.1 Fractionation and Identification of Fractions by Thin Layer 

Chromatography (PEBE) 

      96 

4.3.1.2 Fractionation and Identification of Fractions by Thin Layer 

Chromatography (CBE) 

      97 

4.4     Materials and Methods (Section II)       99 



4.4.1 Identification, characterization and cytotoxic effect of the effective 

phytocomponents of PEBE on A549 cell line. 

      99 

4.4.1.1    To check the effect of active phytocomponents from PEBE on 

A549 cell line by MTT assay  

      99 

4.4.1.1.1 Conjugation of Fatty acid to Bovine Serum Albumin (BSA) and 

its use for MTT assay 

    100 

4.4.1.2   Characterization of effective fractions by Fourier-transform 

infrared spectroscopy (FTIR) 

    101 

4.4.2 To study the effect purified fractions of CBE on H460 cell line and 

identification of phytocomponents by analytical methods. 

    102 

4.4.2.1  MTT Assay     102 

4.4.2.2  Characterization of the effective purified fractions from CBE of 

Bauhinia variegata 

    102 

4.4.2.2.1 To characterize the effective purified fractions from CBE using 

Spectroscopic Techniques (FTIR) 

    102 

4.4.2.2.2 Gas Chromatography - Mass Spectrometry (GC-MS) analysis     103 

4.4.2.2.3 Nuclear Magnetic Resonance (NMR) Spectroscopy     103 

4.4.2.2.4 High performance liquid chromatography (HPLC) Analysis     104 

4.5        Results and Discussion     104 

4.5.1 Identification, characterization and cytotoxic effect of the effective 

phytocomponents of PEBE on A549 cell line. 

    104 

4.5.1.1 Characterization of effective fractions of PEBE by Fourier-

transform infrared spectroscopy (FTIR) 

    105 

4.5.1.2 To check the effect of active phytocomponents from PEBE on A549 

cell line by MTT assay 

    106 

4.5.1.2.1 Cytotoxic effect of Oleic acid on A549 cells      107 

4.5.1.2.2 Cytotoxic effect of Palmitic acid on A549 cells      108 

4.5.1.2.3 Cytotoxic effect of Heptadecanoic acid on A549 cells      109 

4.5.1.2.4 Determination of IC50 Value of Oleic acids      111 

4.5.1.2.4.1 Oleic Acid Inhibit Growth and Proliferation of A549 Cells      111 

4.5.2       To study the effect of purified fractions of CBE on H460 cell line 

and identification of phytocomponents by analytical methods 

     112 



4.5.2.1    Screening of bioactive fractions for the cytotoxic effect on H460 

cells 

     112 

4.5.2.2     Determination of IC50 values of PFF3 and PFF4      114 

4.5.2.2.1 PFF3 Inhibit Growth and Proliferation of H460 Cells      114 

4.5.2.2.2 PFF4 Inhibit Growth and Proliferation of H460 Cells      115 

4.5.2.2.3 Characterization of PFF3 and PFF4 from CBE of Bauhinia 

variegata by- 

     116 

4.5.2.2.3.1 Characterization of PFF3 & PFF4 using FTIR      116 

4.5.2.2.3.2 Gas Chromatography - Mass Spectrometry (GC-MS) analysis      118 

4.5.2.2.3.3 Nuclear Magnetic Resonance (NMR) Spectroscopy      124 

4.5.3.2.7    High performance liquid chromatography (HPLC) Analysis      128 

Section II b) Combination Effect of PFF3 and PFF4 with Paclitaxel in 

H460 cells 

     129 

4.6     Introduction      129 

4.6.1 Materials and methods      130 

4.6.1.1 Combination effect of PXT, Gem, PFF3 and PFF4 on cell viability      130 

4.6.2    Results and Discussion      130 

4.6.2.1 Effect of Combination (PTX & PFF3) on Cell proliferation      130 

4.6.2.2 Effect of Combination (PTX & PFF4) on Cell proliferation      132 

4.6.3 Conclusion      133 

4.6.4   References     134-137 

  

5. To study the effect of active compound and active fractions of 

Bauhinia variegata L. on cell migration & cell death parameters in lung 

cancer cell lines (A549 and H460). 

     138 

5.1    Introduction     139 

5.2    Material and methods     140 

5.2.1 Chemicals     140 

5.2.2 Scratch assay/ Wound healing assay     140 

5.2.3 Analysis of Intracellular Reactive Oxygen Species by DCHF-DA     140 

5.2.4 Fluorescent Microscopy Analysis by-      141 

5.2.4.1 DAPI Staining     141 

5.2.4.2 Acridine Orange/Ethidium Bromide Staining     141 



5.2.4.3 Annexin V and PI staining     141 

5.2.5 Comet assay- DNA damage by Single gel electrophoresis     142 

5.2.6 Mitochondrial Transmembrane Potential Assessment       143 

5.2.7 MDC (Monodansylcadaverine) staining       143 

5.2.8 Western Blotting       143 

5.2.9 Statistical analysis       144 

5.3 Results and discussion       144 

5.3.1 Scratch assay/ Wound healing assay       144 

5.3.1.1 A549 cells treated with Oleic Acid showed slower migration       144 

5.3.1.2 CBE fractions showed Slower Migration in H460 Treated cells       146 

5.3.2 Measurement of Intracellular ROS levels       147 

5.3.2.1 Effect of Oleic acid on Intracellular ROS levels of A549 cells       147 

5.3.2.2 Effect of PPF3 & PPF4 on Intracellular ROS levels of H460 cells       148 

5.3.3  Fluorescent Microscopy Analysis by        149 

5.3.3.1 Study of cell morphology by DAPI staining (A549 cells)       149 

5.3.3.3 Dual Acridine Orange (AO)/Ethidium Bromide (EtBr) Staining and 

Annexin V/ PI in H460 cells 

      150 

5.3.3.3.1 AO/EtBr staining (H460 cells)       150 

5.3.3.3.2 Annexin V/ PI staining (H460 cells)       151 

5.3.4 Comet assay- DNA damage by Single gel electrophoresis       152 

5.3.4.1 In vitro DNA damage – In A549 cells       152 

5.3.4.2 In vitro DNA damage – In H460 cells       154 

5.3.5 Assessment of Mitochondrial membrane potential (ΔΨm)       155 

5.3.5.1 Evaluation of Mitochondrial membrane potential in A549 cells       155 

5.3.5.2 Evaluation of Mitochondrial membrane potential in H460 cells       156 

5.3.6 MDC staining to detect acidic vesicular organelles (A549 cells)       157 

5.3.7 Immunoblotting analysis       158 

5.3.7.1 Oleic acid inhibits anti-apoptosis and induces pro-apoptosis in 

A549 cells 

      158 

5.3.7.2 PPF3 and PPF4 effect on expression levels of apoptotic proteins in 

H460 cells 

      159 

5.4 Conclusion       159 



5.5 References    160-163 

  

6. Summary   164-168 

  

List of Publications      169 

List of Poster Presentations      170 

Reprints of the Publications  

                                    Certificates of achievements  

Ph.D. Thesis Synopsis  

 

 


