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

Chapter —3

Extraction, characterization  of
phytocomponents from crude extract
of Bauhinia variegata L. and
evaluation of its invitro anti cancerous
activity on lung cancer cell lines

Page 47



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

3.1 Introduction

Bauhinia variegata Linn (Mountain ebony), is a species of flowering plant, belonging to
legume family Fabaceae, indigenous to the Indian subcontinent, Southeast Asia, and China has
been chosen in the present study. The plant is generally utilised by ethnical people in India and
is well accepted in numerous different traditional medical systems like Ayurveda, Unani, and
homoeopathy. The medicinal and beneficial properties of Bauhinia variegata parts, including
the flowers, stem, bark, root, and seeds, are well proved. These plants are among the most
generally utilised plants for traditional medical reasons globally and have conceivably the

longest history of proved medicinal use.

3.1.1 Classification of Bauhinia variegata
Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida

Order: Fabales

Family: Fabaceae

Genus: Bauhinia

Species: variegata
3.1.2. Vernacular names of Bauhinia variegata

Common name: Mountain Ebony; Hindi: Kachnar, Kaniar; Sanskrit: Kovidara; English: -
Mountain ebony; Marathi: Raktakanchan; Gujarati: Kovindara; Punjabi:-Kanchan; Kannada:
Kempumandara; Telgu: Devakanchanum; Tamil: Sigappu mandaraii; Urdu: Kachnal; Oria :
Kosonaro; Kashmiri: Kanchana; Bengali: Raktakanchana; Assami : Shonapushpaka; Malayam:

Kovidaram.
3.1.3. Part of use: Stem bark, flower, leaves, seed.

3.1.4. Distribution of Bauhinia variegata

The trees are indigenous to numerous nations, including India, China, Pakistan, Burma, North

Thailand, North Vietnam, the People's Democratic Republic of Lao, Cambodia, and Laos, and
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are generally set up in tropical and subtropical regions?. In India, they are found in most states

except Jammu and Kashmir, Himachal Pradesh, Sikkim.
3.1.5. Morphology of Bauhinia variegata

Bauhinia variegata is a small to medium- sized evanescent tree with a height of over to 15 m
and periphery of around 50 cm. The bark is scaled, smooth to slightly fissured, and light
brownish grey in colour?. Inner bark is Bitter, fibrous, and pinkish. The leaves have small
stipules that are 1-2 mm long and early caducous. The petiole is 3-4 cm long and puberulous
to rough. The lamella is astronomically elliptical to indirect, constantly wider than long, and
has 11-13 nerves. The light green, relatively hairy calyx forms a pointed 5-angled bud, splits
open on one side, and remains attached. The many flowers have five slightly inadequate petals
with crimpy perimeters and narrowed bases, five twisted stamens, and a veritably slender,
stalked, twisted pistil with a narrow, green, 1-celled ovary, style, and dot-like stigma®. The tree
is deciduous in its native niche in India, going without leaves from January to April and
dropping them in November and December. Flowering takes place when the plant is without

leaves. Trees begin to bloom between two and three years old. Morphology of flower, leaves

and bark of Bauhinia variegata is shown in figure 1.

Figure 3.1: a) Flower b) Leaf c) Bark
3.1.6. Traditional Uses of Bauhinia variegata
3.1.6.1. Folk medicine

Ethnical people use the plant's bark, which has advanced medicinal value, to treat a range of
conditions. The bark's uses include treating fever, acting as a tonic and astringent*, being

antileprotic, treating skin conditions and injuries and acting as an antitumor®.

3.1.6.2. Ayurveda
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Bauhinia variegata is veritably well described in ancient Indian science i e., Ayurveda and its
Stem bark and flowers are extensively used as drug against various diseases. Kachnar bark is
used in diseases like Gandamala (Lymphadenopathy), Galaganda (Goitre), Arbuda (Tumor),
Ashthila (BPH)®. Ayurvedic doctors have employed Bauhinia variegata bark powder in
concurrence with other medicines to treat a variety of ailments in conjunction with turmeric

(Curcuma domestica Linn.) and ashoka (Saraca indica Linn.)’.

Shiloka No. 103, GuduchyadiVarg, BhavaprakasaNighantu,
Indian Materia Medica of SRI BHAVAMISRA (C. 1500-1600A.D.)

i3, %o, oD, maﬁzwﬁrymm !
Brar sl

The above shloka shows the Ayurvedic reference to use of Bauhinia variegata and explains
the medicinal properties of kanchanara. It removes Pitta and Kapha doshas. It help to cure

different conditions like Skin disorders, Goitre, ulcers etc.
3.1.6.3. Unani

The plant's bark is characterised as an astringent for the intestine and a tonic for the liver in the
Unani medical system. Leucoderma, leprosy, menorrhagia, asthma, injuries, and ulcers are said
to be treated with it.

3.1.7. Phytochemicals present in Bauhinia variegata

All plants have variety of phytochemicals. These in concert/ individually have been used for
their therapeutic effect. Leaves, bark and flowers from individual Bauhinia variegata plants
within the same species may have varying bioactive phytochemicals. The presence of varied
compounds in Bauhinia variegata flower, leaves as well as bark extracts showing different
pharmacological activities has been reported®®1%1112 The difference in the concentration of

these phytocomponents depends on various factors like the part of plant used for the extraction,
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the extraction method, the solvent used and the place of plant collection. Different
phytocomponents reported in Bauhinia variegata are B-sitosterol, kaempferol-3-glucoside,
tannins, carbohydrates, crude protein, fibers, calcium, phosphorus, quercetin, rutin,, apigenin,
apigenin-  7-O-glucoside, heptatriacontan-12, 13-diol and dotetracontan-15-en-9-ol*2,
Phytochemicals produced by plants which have good antioxidant activity are helpful in treating

diseases*1,

Phytocomponents of Bauhinia variegata have showed anti- hyperglycaemic!® and anti-
depressant activity'’. These reports indicate that the phenolic compounds and other
phytochemicals present in the Bauhinia variegata bark have an eventuality to manage
metabolic conditions like diabetes.

Despite the significant medical benefits indicated in ancient literature and a thorough and
regular analysis, there are no published studies on the phytochemical and pharmacological
effects of Bauhinia variegata Linn stem 's bark, hence the focus of the current study is on

evaluating the anticancerous effect of bark of Bauhinia variegata.
This chapter has been divided into two sections:

Section | — Extraction and Characterization of phytocomponents from crude Bauhinia

variegata L bark extracts.

Section 11 - Evaluation of invitro anti cancerous activity of Bauhinia variegata L bark

extracts on lung cancer cell lines.

Section | — Extraction and Characterization of phytocomponents from crude

Bauhinia variegata L bark extracts.

3.2 Materials and methods

3.2.1. Collection of plant material

Bauhinia variegata bark was collected from Waghai botanical garden, Dang, Gujarat during
December-January each year. The plant material was identified and authenticated based on the
morphological characteristics by Prof. Nagar of Departmentof Botany, The Maharaja Sayajirao
University of Baroda, India. Samples were stored in herbarium for future reference (IIRS
Biodiversity Project 09-10).

3.2.2 Preparation of extracts
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The extraction from the Bauhinia variegata L. Bark was carried out by Soxhlet extraction method.

In this method different solvents were used, in order of increase order of polarity. The temperature

used for each solvent was based on the boiling temperature of the solvent. Plant material was

subjected to 8-12 hours for extraction with each solvent. The extracts were filtered and

concentrated to dryness under reduced pressure and controlled temperature in a rotavapor

apparatus. Extract yield and its nature was noted. The extract was stored in a refrigerator at 4°C

till further use.

Bauhinia variegata Bark (950g) was collected from the Waghai botanical garden, Dang

1

Bark was authenticated by experts from Botany Department of MSU.

1l

Specimen were stored for the future reference in the herbarium

1l

Followed by washing, surface sterilization, rinsing, shade-drying of the plant material and
crushing using heavy mixer grinder

Crushed material was packed in a thimble and placed into Soxhlet extractor

1l

Extraction was carried out using each solvent in order of increasing polarity for 8-12 hrs each.

3.2.3. Preliminary Phytochemical Analysis

Preliminary tests to identify the phytocomponents was done using standard procedure. The
results for this is reported in Table 3.1.

Table 3.1: Qualitative Analysis

The volume was

made up to 100 ml with

distilled water. This reagent

Phytocomponents Test Reagents  and assay Inference
procedure

Alkaloids Wagner’s Test: 1.27g lodine and 2g K1 were | Reddish brown
added to 5 ml distilled water. | precipitate
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was added by side of the test
tube to 1 ml of extract.

Carbohydrate Molish Test To 2ml of extract, few drops | violet ring formation
of alcoholic solution of o- | at the intersection of
naphthol (Shake well) + 1ml | two layers
of concentrated H2SO4 in a
drop-wise manner (allow to
stand).

Protein Biuret Test 2ml filtrate+2% CuSO4+add | Pink  colour  in
Iml 90% ethanol+ excess of | ethanol
KOH pellets

Phenol Ferric  Chloride | 500mg extract+ 5ml d/w+ | Dark green phenolic

Test few drops of neutral 5% | compounds
FeCls Blue colour:
Tannins
Flavonoid Alkaline reagent | 10% (NH4);:0H+ aqueous | Yellow Fluorescence
Test: solution of extract
Steroids Lieberman- Extract in chloroform+1ml | Blue green colour
Buchard test: of acetic acid & 1ml of acetic
anhydride (heated in water
bath) + few drops of H2SO4

Saponins Foam Test To 1 mg of extract, 1ml of | Formation of stable
distilled water was added | foam in the form of
and warmed. honeycomb.

Coumarins Sodium hydroxide | To 2ml of extract, add 3ml of | Yellow colour was

Test 10% NaOH solution observed
Quinones Sodium hydroxide | Iml crude extract + Dilute | Blue green or red
Test NaOH colour
Cardiac Keller Killani | Iml of extract was mixed | Formation of a
Glycosides Test: with 2ml of Glacial acetic | brown ring during

acid containing 1-2 drops of

FeCI3 solution.

transition stage.
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Concentrated H2S04 was
added along the sides of the
test tubes.

3.2.4. Antioxidant activity determination

The most important property a phytocomponent should possess to show therapeutic properties
Is its ability to be a good antioxidant. The antioxidant potential can be determined using various
assays.

3.2.4.1 DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay
The free radical scavenging activity of purified extract was measured by DPPH method?é,
Principle:

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) is a violet colour compound which is considered as a
stable radical. Anti-oxidant reacts with DPPH, which tend to capture hydrogen ion and convert
into a yellow colour diamagnetic compound which gives absorbance at 517nm. The degree of

discolouration reveals the extracts capacity for scavenging.

Reagents
1. The DPPH solution was made as a 0.1 mM solution in methanol.

2. Standard (L-ascorbic acid - 1%).
Procedure

The reaction mixture (3.0 ml) consisting 1.0 ml DPPH in methanol (0.1 mM), 1.0 ml methanol
and 1.0 ml different concentrations of the petroleum ether, n-hexane, chloroform, ethyl acetate,
methanol and aqueous extracts (0, 50,100, 150 pg.ml) was incubated in dark for 10 min., and
the OD was measured at 517 nm against blank. For control, 1.0 ml of methanol was used in

place extract. L-ascorbic acid as a positive control.
The following formula was used to compute the percentage inhibition of DPPH:

Inhibition (%) = OD of Control — OD of Experiment x 100

OD of Control
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3.3 Results:

3.3.1 Phytochemical Analysis
The weight of bark after drying was 887.3g. The powder of the bark after grinding was 864.01g.

This powder was subjected to Soxhlet extraction method. Extract yield is shown in table 3.2.

Table 3.2 Percentage yield obtained from 42.8g of powdered bark.

Solvent % Yield (w/w) Dried Extract (g)
Petroleum Ether 1.56% 0.67g
N. Hexane 0.87% 0.379
Chloroform 2.28% 0.98¢
Ethyl acetate 0.35% 0.15g
Methanol 9.4% 4.02g
Water 4.45% 1.90g

The % yield was calculated after solvent was recovered from extract.

Extraction yield (%) = W1/W2x100; Where W1 is the mass of crude extract and W2 is the
mass of the sample

The identification of compounds was done by biochemical assay for each extract obtained from
Soxhlet extraction.

Table 3.3 Phytochemicals present in bark extracts of Bauhinia variegata

Component Petroleum | N-hexane | Chloroform | Ethyl Methanol Agueous
ether acetate

Carbohydrates + - - + + -
Fats and Oil + + + - - -
Steroid 4 + + - - i
Cardiac + - + + + +
glycosides

Saponin + + - + + +
Coumarin - - + + - -
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Flavanoids - - - - + +
Alkaloids + - + - + +
Phenols - + + - + +
Tannins - + + - - _

3.3.2 Antioxidant activity of whole plant extracts of Bauhinia variegata

The antioxidant potential of the Bauhinia variegata extracts was determined by DPPH assay.
For this study Ascorbic acid was taken as a standard. It was observed that n-hexane and
petroleum ether extracts showed lesser antioxidant activity as compared to other extracts. The
methanolic and water extracts showed maximum antioxidant activity with the strongest DPPH

radical scavenging activity among all the extracts (Figure 3.2).

100+
-~ STANDARD
804 -& Petroleum Ether
-&- N-Hexane
° 60 -%- Chloroform
§ -+ Ethyl Acetate
40 -
©- Methanol
20- 8 waler
° L] L] L) .

0 50 100 150 (ug/ml)

Figure 3.2 Percentage scavenging of DPPH free radical with different concentrations of
Bauhinia variegata bark extracts.

Section Il - Evaluation of in vitro anti cancerous activity of Bauhinia
variegata L bark extracts on lung cancer cell lines.

3.4 Introduction

The impact of an exponential rise in cancer cases is felt worldwide. Every year India reports
about 70,275 lung cancer cases (fourth among all cancers) with 50 % mortality within a year
and 5-year survival has remained at 11-17 % for these lung cancer patients®%°, Non-small
cell lung cancer (NSCLC) contributes for about 85 % of the lung cancer cases while 15 % cases

Page 56



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

are SCLC?- The most typical NSCLC is adenocarcinoma (40 %), followed by large cell
carcinoma (15%)?%. Hence, in this study A549 (adenocarcinoma) and H460 (large cell
carcinoma) cell lines were used. The 5-year relative survival rate of lung cancer has increased
with time, but less than 21 %?%. The poor survival rate along with low efficacy and side effects
of chemotherapy (20-30 %) are major causes of concern in lung cancer??. So, Scientists are
looking for anticancer substances from natural sources, such as plant phytochemicals, due to
the adverse effects associated with current medications. Phytocomponents have lower toxicity
providing an attractive alternative in cancer therapy?3?*. Plant used in the study is Bauhinia
variegata which has multiple pharmacological activities explained in section | of this chapter.

Cancer cells has shown to have increased ROS levels as compared to their normal
counterparts which are detoxified by complex antioxidative mechanisms®>%%. An imbalance
between the system that produce and remove ROS causes an increase in an oxidative stress.
Cancer cells have the ability to circumvent apoptosis, making proteins involved in the apoptotic
cascades which can be used as ideal targets for cancer therapy?’. Reestablishing apoptotic
programming in malignant cells selectively kills tumor cells and caspases as primary inducers
of apoptosis provide an ideal platform to develop effective therapeutic strategies for cancer?®2°,
With this background, the present chapter (divided into two sections) aimed to extract and
characterize the crude extracts of bark of Bauhinia variegata L. and evaluation of invitro anti

cancerous activity of crude extracts of bark of Bauhinia variegata L on lung cancer cell lines.

3.5 Materials and methods

3.5.1 In Vitro Culturing of Human Lung Cancer Cell Lines

Human lung carcinoma cells (A549; H460) procured from (NCCS, Pune, India) were grown in
(DMEM, Himedia) supplemented with 10% fetal bovine serum (Gibco-Invitrogen) and 1%
antibiotic (PSN, Himedia). Cell lines were maintained at 37°C in a 5% (v/v) CO. atmosphere
with 95% (v/v) humidity in a humidified incubator’. A stock solution of 1 mg/ml of PEBE and
CBE was prepared in 0.5% dimethyl sulfoxide (DMSQ) and diluted for further use (DMSO

concentration did not exceed 0.1 %).
3.5.1.1 Cytotoxic Assay by MTT method

The stock solutions of Bauhinia variegata bark extracts were prepared in 0.5 % Dimethyl
Sulfoxide (DMSO) and diluted for further use (DMSO concentration) did not exceed 0.1 %).
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Cytotoxic potential of extract was determined by MTT assay®C. Cells were grown in 96-well
plates overnight and treated with different concentrations of bark extracts for 24 h, 48 h and 72
h time points. Untreated cells were taken as control. A549 and H460 cells grown in medium
served as control. After 24, 48 and 72 h incubation, MTT (5 mg/ ml) solution was added
followed by 3 h incubation, medium with MTT was removed and therefore the formazan
crystals were solubilized in 100ul DMSO. At 575 nm, the absorbance of each well was
determined. 1C50 value of extracts was calculated by determining percentage cell growth

inhibition using Graph Pad Prism 6.0 software.
3.5.2 Soft Agar Colony Formation to Evaluate Cellular Transformation

For Colonogenic assay, the cells were plated in 6-well tissue culture plate with 5,000 viable
cells (per well) as determined by the Trypan blue staining. A549 and H460 cells were allowed
to grow overnight and after 24 h the fresh media modified with different concentrations of the
different extracts were added for 48 h and 24 h respectively. Using a Neubauer Chamber, the
quantity of A549 and H460 cells were counted after treatment with the corresponding extracts.
2 % Agar was melted and cooled to 40°C in a water bath and media containing serum was
added in equal volume to give 1 % base agar solution®. 500pl of the base agar solution was
pipetted into each well of a 24-well plate. 0.7 % agar was melted and cooled to 40 °C and

mixed with media containing A549 cells treated with PEBE for 48 h.

For H460, 0.7 % agar was mixed with media containing H460 cells treated with CBE for 24 h.
500pl of this solution was pipetted onto the top agar. Cell number was maintained at 1250-
1500 cells per well. The cells could grow for 13 -15 days for both cell line and in every 3-4
days, 200 pl of fresh media was added above the top layer as a feeder. After 15 days, the
medium above the cells was removed and rinsed carefully with PBS. 2-3 ml of a mix of 6.0 %
glutaraldehyde and 0.5 % crystal violet was added on cells and left for a minimum 20 min. The
glutaraldehyde crystal violet mixture was removed and rinsed with water. Software called

Image J was used to measure the colony size.
3.5.3 Wound Healing Assay/Scratch Test

Cancer cells undergo epithelial to mesenchymal transition during metastasis®?. Cells were

grown and starved in low serum media (1.5 ml; 2 % serum in DMEM) overnight. A549 and
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H460 cells monolayers were scraped during a line to make a “scratch” with a pipette 200 pl
tip. Cells were washed with PBS and low- serum media (2 % serum to prevent cell
proliferation) was replaced with media containing different concentrations of extracts. A549
cells were treated with PEBE extract for 48 h and H460 cells with CBE for 24 h. Plates were
placed in an incubator at 37 °C for 0-36h. Cells were stained with crystal violet and images
were captured at different time-points from 0 to 36 h respectively. The pictures acquired for

every sample was further analyzed quantitatively by using computing software.
3.5.4 DNA Fragmentation Examination

A549 and H460 cells (5 x 106) were grown for 24 h and treated with various concentrations of
PEBE and CBE for 48 h and 24 h, respectively. Cells were collected, washed with 1x PBS and
centrifuged at 300 g. Cell pellet was collected and resuspended in 0.5 ml lysis buffer and
incubated for 1.5 h at 37 °C followed by centrifugation at 10 K rpm for 15 min (at room
temperature). Pellet was discarded and supernatant was mixed with equal volume of
isopropanol followed by an addition of 25 ul of 4M NaCl and incubated at -20 °C overnight.
Mixture was centrifuged again at 10 K rpm for 20 min and the pellet was dissolved in 40 pl
ddH20. 5 pl of RNase A (10 mg/ml) was added to the lysate and further incubated for 1 h at
37 °C. The DNA was then electrophoresed in a 1.8% agarose gel in TAE (triacetate-EDTA)
buffer (pH 8.0). After electrophoresis, ethidium bromide was used to stain the DNA and
visualized using a gel-doc system (BIO-RAD).

3.5.5 Analysis of Intracellular Reactive Oxygen Species by DCHF-DA

The 2', 7'-dichlorodihydrofluorescein diacetate (H2DCF-DA) fluorescent probe is commonly
employed that enabled the monitoring of intracellular accumulation of ROS. A549 and H460
cells were grown overnight in 6 well plates. Cells were treated with PEBE (A549) and CBE
(H460) respectively and incubated for various time intervals (0 to 10h). At the end of the
incubation period, the media was removed and 5 uM of DCHF-DA which is diluted in media
was added to the cells and incubated for 40 min at 37 °C. Remove the dye, trypsinize the cells
and add media to stop its action. Centrifuge it at 1500 rpm for 3 min. The cells were then
washed thrice with PBS and fluorescence intensity (excitation = 485 nm and emission = 530

nm) was measured by fluorimeter?432,
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3.5.6 Fluorescent Microscopy Analysis by DAPI Staining and Acridine
Orange/Ethidium Bromide Staining

Cell nuclear morphology was checked by fluorescence microscopy using DAPI* and
AO/EtBr® staining. A549 cells were treated with the PEBE for 48 h and H460 cells with CBE
for 24 h followed by DAPI and AO/EB dye mix. For DAPI staining, the cells were then
permeabilized with 0.1% Triton X-100, fixed with 4% paraformaldehyde, and stained for 10
minutes with 1 mg/ml of DAPI solution. The fluorescent images of the samples were examined
under a Nikon Eclipse Ti fluorescence microscope. For AO/EB staining, AO/EB staining dye
mixture containing (100pg/ml AO and 100pg/ml) of 1ul was added on cells after respective

treatments and examined under a Nikon Eclipse Ti fluorescence microscope.
3.5.7 Determination of Caspase-3 Activity in Cell Lines

Bio Vision Caspase-3 Colorimetric assay kit (K-106) (for measuring the activity of caspases)
was used to determine caspase-3 levels in A549 and H460 cell lines as per the protocol

mentioned in the kit instruction manual.
3.5.8 TMRM Staining for Mitochondrial Membrane Potential Measurement

A549 and H460 cells were grown in 6-well plates and treated with PEBE (IC50, 48 h) and CBE
(IC50, 24 h) respectively. The cells were stained with tetramethyl rhodamine, methy! ester and
perchlorate (TMRM, 100 nM) at 37 °C for 30 minutes®. After PBS wash, the cells were imaged

using a fluorescence microscope.
3.5.9 Statistical Analysis

All experiments were done in triplicate, and data expressed as mean + standard error of mean
(SEM). Statistical differences between control and treated cells with a p value < 0.05 were
considered to be statistically significant and were assessed by the one-way ANOVA test using
GraphPad Prism 6.0 software. The IC50 values were calculated from the curves constructed by

plotting cell viability (%) vs concentration (mg/ml), using GraphPad Prism 6.0 software.

3.6 Results and Discussion
3.6.1 MTT Assay: Potential for Cytotoxicity
3.6.1.1 Screening for cytotoxic effect of Extracts on A549 Cells
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The effect of the various extracts was evaluated on A549 cell line. Cytotoxic activities against
A549 cells growth were measured after treating with phytochemical extracts of PE, N-hexane,
Chloroform, Ethyl acetate, Methanol and Water of Bauhinia variegata at concentrations of
0.25 mg/ml to 8mg/ml for 24 h, 48 h and 72 h respectively. The results showed that A549 cells

responded to the cytotoxic effects of the plant extracts in a dose and time-dependent manner.

Petroleum ether and n-Hexane extracts showed the foremost cytotoxic effect on A549 cell line
as compared to other extracts at 48 h treatment. The polarities of Petroleum ether and n-hexane
are almost similar, and both the solvents have shown almost similar composition. Hence, it’s
likely that the cytotoxic agent (s) in both the solvents are identical. Therefore, Petroleum ether
bark extract (PEBE) has been selected for the further study due to lesser yield of n-hexane
extract. The cytotoxicity of PEBE on A549 cells increased from 33 % to 30 % to 26 % after
24, 48 and 72 h respectively. The cytotoxicity of PEBE on A549 cells is shown in Figure 3.3

a, b, c.
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Figure 3.3 The effect of Bauhinia variegata bark extracts against A549 cell line for 24 h, 48 h
and 72 h. Percentage growth proliferation of A549 cells was assayed at 100 mg/ ml
concentration of extracts using MTT assay as described in the Methods section (a) Effect of
different concentrations of different bark extracts on A549 cells for 24 h (b) Effect of different
concentrations of different bark extracts on A549 cells for 48 h (c) Effect of different
concentrations of different bark extracts on A549 cells for 72 h respectively. Date represented

as the meanz standard deviation of at least three experiments. ***P<0.001.
3.6.1.2 PEBE Inhibit Growth and Proliferation of A549 Cells

Examination of A549 cell morphology was done at 48 h treatment of PEBE and it was observed
that from 0.5, 1, 1.5, 2 and 4 mg/ml concentrations cells had altered morphologically and started
to shrink showing the symptoms of the cell death. The morphological examination of the cells
after PEBE treatment showed cell shrinkage and rounding up of the cells which are typical

features of cell death as shown in Figure 3.4.

Untreated PEBE (0.5mg/ml) PEBE (1mg/ml)

PEBE (1.5mg/ml) PEBE (2mg/ml) PEBE (4mg/ml)
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Figure 3.4 Morphological effects of A549 untreated cells (a) without treatment and cells
exposed to (b) PEBE (0.5 mg/ml), (c) PEBE (1 mg/ml), (d) PEBE (1.5 mg/ml), (e) PEBE (2
mg/ml), (f) PEBE (4 mg/ml) of Bauhinia variegata.

3.6.1.3 Determination of IC50 Value of PEBE Extract

Effect of different concentrations of PEBE of Bauhinia variegata on the viability of A549 cells
for different time measure (at 24 h, 48 h and 72 h) was assessed. The IC50 values were 2.8
mg/ml for 24 h, 1.6 mg/ml for 48 h and 1.5 mg/ml for 72 h as shown in Figure 3.5. The extract
was more potent after 48 h treatment; hence this time point was selected for further

experiments.

A549

100+
-~ 24hrs

% 48hrs
-+~ T2hrs

80+

60+

40+

% cell viabilty

204

0 25 5§75 115 2 4 6 8
Concentration (mg/ml)

Figure 3.5. IC50 values of crude petroleum ether bark extract of Bauhinia variegata on A549

cells for 24 h, 48 h, and 72 h (n=3).

3.6.2 MTT Assay - H460 Cells

3.6.2.1 Screening for cytotoxic effect of Extracts on H460 cells

The effect of the extracts on H460 cell line showed that the chloroform bark extract (CBE) had
a greater cytotoxicity at 24 h treatment. The cytotoxicity of CBE on H460 cells was time
dependent demonstrating a potent and definite growth inhibitory effect as shown in Figure 3.6.
The cytotoxicity of CBE on H460 cells increased from 30.9 % to 27.9 % to 26 % after 24, 48
and 72 h respectively. The difference in the behavior of both cell lines may be due to their
different molecular characteristics which are targeted by the different phytochemicals present

in the two bark extracts.
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Figure 3.6 The effect of Bauhinia variegata bark extracts against H460 cell line for 24 h, 48
h, and 72 h. Percentage growth proliferation of H460 cells was assayed at 100 mg/ ml
concentration of extracts using MTT assay as described in the Methods section. a) Effect of
different concentrations of different bark extracts on H460 cells for 24 h b) Effect of different
concentrations of different bark extracts on H460 cells for 48 h c) Effect of different
concentrations of different bark extracts on H460 cells for 72 h respectively. Date represented

as the mean = standard deviation of at least three experiments ****P<0.0001.
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3.6.2.2 CBE Inhibits Growth and Proliferation of H460 Cells

Examination of H460 cell morphology was done at 24 h treatment of CBE and it was observed
that from 0.5, 1, 1.5, 2 mg/ml concentrations, cells had changed morphologically and started
to shrink showing the symptoms of the cell death. The morphological examination of the cells
after CBE treatment showed as cell shrinkage and rounding up of the cells which are typical

feature of cell death as shown in Figure 3.7.

CEE ( loag'ml)

Figure 3.7 Morphological effects of H460 untreated cells a) without treatment, and cells
exposed to b) CBE (0.5 mg/ml), c) CBE (1 mg/ml), d) CBE (1.5 mg/ml), ) CBE (2 mg/ml) of

Bauhinia variegata.
3.6.2.3 Determination of 1C50 Value of CBE Extract

Effect of different concentrations of CBE of Bauhinia variegata on the viability of H460 cells
for different time interval (at 24 h, 48 h and 72 h) was assessed. The IC50 values were 1.0
mg/ml for 24 h, 0.78 mg/ml for 48 h and 0.74 mg/ml for 72 h as shown in Figure 3.8. The
extract was more potent after 24 h than after 48 h treatment. The inhibitory concentrations for
24 and 48 h do not show much difference. So, the 24 h treatment was selected for further

experiments on H460 cells.
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Figure 3.8 1C50 values of crude chloroform bark extract of Bauhinia variegata on H460 cells
for 24 h, 48 h, and 72h (n=3).

3.6.3 Colony Growth Inhibition Studies - Soft Agar Assay
3.6.3.1 PEBE Inhibits A549 Colony Growth

The ability of PEBE to inhibit the expansion of tumors (cell colonies) and therefore the spread
of cancer cells was assayed in vitro. PEBE significantly decreased A549 colony growth in a
concentration-dependent manner showing significant antitumorigenic activity at 2 mg/ ml as
shown in Figure 3.9. The mean tumor diameter in the control (untreated) was 46.2 um, while
at 2 mg/ml treatment the diameter was reduced to 30.4 um as shown in Figure 3.9(i).

Quantitative analysis of these results is shown in Figure 3.9(ii).
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Figure 3.9. Representative images for in vitro assay to assess the anti- tumorigenic activity of
the PEBE on A549 cells. Cell colonies in soft agar in (i) a) Untreated cells, b) 0.5 mg/ml PEBE
treatment, c) 1 mg/ml PEBE treatment, d) 2 mg/ml PEBE treatment; n = 3. Quantitative

analysis of mean tumor (colony) diameter of different concentrations of PEBE is shown in (ii)
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Values are the means £ SD of at least three independent experiments; ***P<0.001, ns = non-

significant.
3.6.3.2 CBE Inhibits H460 Colony Growth

CBE significantly decreased colony growth of H460 cells in a concentration-dependent manner
with a significant antitumorigenic activity at a concentration of 2 mg/ml Figure 3.10. The mean
tumor diameter for control (untreated) is 63.38 um which decreased to 27.93 um in 2 mg/ml
concentration treatment and showed a reduction in size of around 33.27 pum in diameter as
shown in Figure 3.10(i). Lower concentrations of 1 and 1.5 mg/ml showed no significant
difference in mean tumor diameter as compared to control cells. Quantitative analysis of these

results is shown in Figure 3.10(ii).
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Figure 3.10 Representative images for the in vitro assay to assess the anti-tumorigenic activity
of the CBE on H460 cells. Cell colonies in soft agar in (i) a) Untreated cells, b) 1mg/ml CBE
treatment, ¢)1.5 mg/ml CBE treatment, d) 2mg/ml CBE treatment; n = 3. Quantitative analysis
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of mean tumor (colony) diameter of different concentrations of CBE is shown in (ii) Values

are the means + SD of at least three independent experiment: **P<0.01., ***P<0.001.

3.6.4 Wound Healing Assay/ Scratch Test
3.6.4.1 PEBE Showed Slower Migration in A549 Treated Cells

To assess the effect of the extracts on cell migration a cell scratch assay was performed. In
Ab549 cells, as compared with the control group, gradual reduction was noticed within the
number and rate of migrated cells with PEBE treatment. A slower rate of migration was
observed with 0.5 and 1 mg/ml PEBE treatment while at 2 mg/ ml the cells were unable to
survive. Hence, this dose was excluded from the study. The distance was more between the
edges of the wound when A549 cells were treated with PEBE for 12 to 36 h, demonstrating the
reduced migration of A549 cells as shown in Figure 3.11(i). Quantitative analysis of the scratch

diameter is shown in Figure 3.11(ii).

Control

1mg/ml 0.5mg/ml

2mg/ml
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Figure 3.11 Representative images are the results of in vitro scratch test to assess effect of
PEBE on cell migration of A549 cells; n = 3. PEBE inhibits migration of A549 cells as shown
in (i). Wound healing assay to determine the effect of PEBE on A549 cell migration at 0.5, 1,
1.5 and 2mg/ml concentrations for 36h.Quantitative analysis of wound size (um) within 36h.
is represented in (ii). Error bars indicates the standard error of the mean of three independent

experiments. **P<0.01, ***P<0.001.
3.6.4.2 CBE Showed Slower Migration in H460 Treated cells

The effect of different concentrations of CBE extract on H460 cells after 24 h treatment
indicated a dose- dependent decrease in viability of cells in comparison to control cells. H460
cells also showed slower migration and wound healing with 1mg/ml and 1.5 mg/ml CBE
treatment. CBE impaired cell migration for 12 to 30 h as shown in. The cells lost their viability
at 2 mg/ml treatment, and hence this dose was not included for the comparison as shown in

Figure 3.12(i). Quantitative analysis of the scratch diameter is shown in Figure 3.12(ii).
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Figure 3.12 Representative images for the results of in vitro scratch test to assess effect of CBE
on cell migration; n = 3. CBE inhibits migration of H460cells (i) Wound healing assay to
determine the effect of CBE on H460 cell migration. Quantitative analysis of wound size (um)
within 30 h. is measured here in (ii) Error bars indicate the standard error of the mean of three

independent experiments: ***P<0.001.

3.6.5 DNA Fragmentation Studies
3.6.5.1 PEBE Induces Cellular DNA Fragmentation in A549 Cells

In order to explain the mechanism of cell apoptosis mediated by PEBE, we performed a DNA
fragmentation assay, since DNA fragmentation is the characteristic property or apoptosis.
Treatment of cells with different concentrations of PEBE for 48 h, led to a decrease in band
intensity of DNA with increasing concentration of PEBE in 1 % agarose gel electrophoresis as
shown in Figure 3.13a. A typical DNA ladder pattern of internucleosomal fragmentation was
observed with after 48 h of treatment as shown in Figure 3.13b. The late stages of apoptosis

are characterized by damage (fragmentation) of DNA?’. These data suggest that PEBE extract

is an effective inducer of Apoptosis.
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Figure 3.13 Representative images of DNA laddering in A549 cells (a) Cells treated with
different concentrations of PEBE for 48 h results in decrease in DNA bands with increasing
concentration of PEBE in 1% agarose gel electrophoresis, (b) Cells treated with increasing
concentrations of PEBE for 48 h and results in typical laddering pattern in 1.8% agarose gel

electrophoresis.
3.6.5.2 CBE Induces Cellular DNA Fragmentation in H460 Cells

Fragmentation of genomic DNA (light fragments) was observed in H460 cell line treated with
2 and 4 mg/ ml of CBE for 24 h as shown in Figure 3.14. A typical ladder pattern of
internucleosomal fragmentation was observed in H460 cell line after 24 h at higher
concentrations of CBE. Low-molecular-weight DNA from these cells was resolved in 1.8 %
agarose gels. These data suggest that CBE is a potent inducer of apoptosis. Further studies are
needed to establish the role of the interaction of CBE with DNA in cancer cells.

Lane 1- 100bp ladder
Lane 2- control cells
Lane 3- 0.75mg/ml

Lane 4 - 1mg/ml

Lane 5 - 1.5mg/ml Ladder

Lane 6 - 2mg/ml

Lane 7 - 4mg/ml

Lane 8 - 100bp ladder
1.8% gel

Figure 3.14 Representative images of DNA laddering in H460 cells. Cells treated with
increasing concentrations of CBE for 24 h and results in typical laddering pattern in 1.8%

agarose gel electrophoresis.

3.6.6 Quantification of ROS

3.6.6.1 Effects of PEBE on Intracellular ROS Levels of A549 Cells- DCHF-
DA Assay

ROS levels were examined at indicated time points (0 to 10 h) after PEBE treatment on A549

cells and it was seen that the ROS levels reached a maximum at about 6 h (29.5 %, as compared
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to 8 % at 0 h), but subsequently decreased as shown in Figure 3.15. On treatment with PEBE,
intracellular ROS elevates at initial hours and decrease subsequently which suggest they could
be activating downstream signaling pathway resulting in apoptosis. These results indicate that
ROS production is an early phase event in apoptosis induced by PEBE.
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Figure 3.15 Time - dependent changes in ROS levels of A549 cells at different concentrations

of PEBE. Data expressed as mean + SEM, **p < 0.01, ***p < 0.001 as compared to control.

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

Recent studies have shown that ROS levels in a cell may have a significant role to play in the
outcome of therapeutic agents28. After exposure of H460 cells to CBE, ROS levels first
increase then there is a little decrease at 6h and then stability increase within the cells as shown

in Figure 3.16. Data showed that CBE increased ROS generation from 2 to 10h treatment.
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Figure 3.16 Time - dependent changes in ROS levels of H460 cells at different concentrations

of CBE. Data expressed as mean + SEM, **p < 0.01, ***p < 0.001 as compared to control.
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3.6.7 Alterations in Nuclear Morphology - DAPI Staining

DAPI staining was done after treatment of A549 cells with PEBE (1 mg/ml) showed chromatin
condensation, nuclear fragmentation (‘“horse-shoe” like appearance of nucleus) and cell
shrinkage with an increase in apoptotic bodies in cells treated with 1.5 mg/ml PEBE for 48 h
as shown in Figure 3.17 a, b, c. The control cells had round homogenous nuclei. The
morphological changes associated with apoptosis such as margination of nucleus, chromatin

condensation and nuclear fragmentation marked by arrows in Figure 3.17 d, e, f in H460 cells

after 24h treatment with increasing concentrations (IC50) of extracts is very distinct.

Untreated A549 1mg/ml 1.5mg/ml

Figure 3.17 The effect of PEBE on apoptotic potential in A549 cells was evaluated using DAPI
staining. a) control group; b) in the presence of 1 mg/ml; c) 1.5mg/ml of PEBE of Bauhinia

variegata for 48 h under fluorescence microscope, Scale bar- 100 um, Mag- 40x.

Untreated H460 cells 1mg/ml 1.5mg/ml

Figure 3.17 Effect of CBE on apoptotic potential in H460 cells was evaluated using DAPI
staining d) control H460 cells ) 1 mg/ml f) 1.5 mg/ml CBE of Bauhinia variegata for 24 h

under fluorescence microscope, Scale bar-100 um, Mag- 40x. Arrow indicates chromatin
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condensation, nuclear fragmentation, horse- shoe shape nuclei and cell shrinkage in treated

cells as compared to control cells.

3.6.8 AO/EtBr Staining
3.6.8.1 AO/EtBr Staining in A549 cells

Live cells with normal morphology were abundant in the A549 control group whereas early
apoptotic cells were observed on treatment with 1 mg/ml PEBE concentration. Both early and
late apoptotic cells were observed in A549 cell line treated with 1, 1.5 and 2 mg/ ml
concentrations. The 2 mg/ml treatment showed the greatest number of apoptotic bodies, and
the cells were mostly in the late apoptotic stage as shown by arrows in Figure 3.18 a, b, ¢, d.
Live cells appeared green, while early apoptotic appeared bright green or yellow and late

apoptotic appeared red with condensed and fragmented nuclei.

1.5mg/ml 2mg/ml

Figure 3.18 A549 cells were stained by AO/EB and observed under fluorescence microscope: a)
A549 control group; b) in the presence of 1mg/ml; ¢) 1.5mg/ml; d) 2mg/ml of PEBE for 48h. Control
wells were treated with equivalent amount of medium alone. Green live cells showed normal

morphology with uniform nuclei; yellow early apoptotic cells showednuclear margination and
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chromatin condensation. Late orange/red apoptotic cells showed fragmented chromatin and

apoptotic bodies.

3.6.8.2 AO/EtBr Staining in H460 cells

For H460 cell line, live cells with normal morphology were abundant in H460 control group.

H460 cell line treated with 1 mg/ml CBE showed early apoptotic cells while H460 cell line

treated with 1.5 mg/ml CBE showed late apoptotic bodies as shown in Figure 3.18 e, f, g.

Untreated H460 cells

1mg/ml

1.5mg/ml

Figure 3.18 H460 cells were also stained by AO/EB and observed under fluorescence

microscope: e) control group; f) in the presence of 1mg/ml; g) 1.5mg/ml of CBE for 24h. Green

live cells showed normal morphology with uniform nuclei; yellow early apoptotic cells showed

nuclear margination and chromatin condensation. Late orange/red apoptotic cells showed

fragmented chromatin and apoptotic bodies.

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

Caspase-3, a marker of apoptosis and has shown to be adequate for potent activation of

apoptosis29,30. Caspase 3 activity significantly increased in PEBE treated A549 cells and CBE
treated H460 cells at the IC50 value after 24 h to 48 h treatment. After 48 h of incubation of

A549 cell line with PEBE there was a 3-fold increase in caspase-3 levels as compared to A549

control cells as shown in Figure 3.19 (a).
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Figure 3.19 a) A549 cells were seeded in 24 well plates, then treated with PEBE in
concentration and time - dependent manner. Caspase-3 activity were measured
spectrophotometrically by detection of chromophore pNA at 405nm. Data expressed as mean
+ SEM, n=3 **p < 0.01, ***p < 0.001 as compared to control.

Caspase-3 activity significantly increased at IC50 value of CBE from 12 h to 24 h treatment
in H460 cell line as shown in Figure 3.19 (b). From these data, we can say that Caspase-3 may

also function before or at the stage when commitment to loss of cell viability is made.
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Figure 3.19 b) H460 cells were seeded in 24 well plates, then treated with CBE in
concentration and time - dependent manner. Caspase-3 activity were measured
spectrophotometrically by detection of chromophore pNA at 405nm. Data expressed as mean
+ SEM, n=3 **p < 0.01, ***p < 0.001 as compared to control.

3.6.10 Alteration in Mitochondrial Membrane Potential by TMRM Staining
Cell health can be assessed by proper functioning of mitochondria which can be monitored by
observing changes in mitochondrial membrane potential (MMP). The role of intrinsic apoptosis
pathway was further validated by the changes in mitochondrial membrane potential in A549
cells treated with PEBE (1 mg, 1.5 mg) for 48 h and H460 cells treated with CBE at (1 mg,1.5
mg) for 24 h. PEBE and CBE significantly decreased the mitochondrial membrane potential
(A¥m) in A549 as shown in Figure 3.20 a, b, ¢ and H460 cells as shown in Figure 3.20 d, e, f

with increasing concentrations.
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Untreated A549 1mg/ml 1.5mg/ml
. .
Untreated H460 cells 1mg/ml 1.5mg/ml

Figure 3.20 Cells were stained with TMRM and imaged by standard fluorescence techniques.
PEBE (Img/ml, 1.5mg/ml) for 48 h did not show significant change in TMRM fluorescence
intensity in A549 cells (a - ¢), while CBE (1mg/ml, 1.5mg/ml) for 24 h significantly decreased
TMRM florescence intensity in H460 cells (d - ).

3.6.11 Conclusion

Our data validates with proof of mechanism the efficacy of Bauhinia variegata PEBE against
A549 cells proliferation and that of CBE against H460 cells thus targeting two types of lung
cancer cell lines widely® accepted as most common forms of lung cancer. The extracts of
Bauhinia variegata bark extracts were differently inhibiting A549 cells proliferation but
petroleum ether extract was found to be the foremost potent inhibitor of A549 cells
proliferation. MTT assay showed that the effect was optimal at 48 h treatment. Colonogenic
study revealed that PEBE showed significant anti-tumorigenic activity. Treatment with PEBE
showed a decrease in DNA bands and fragmentation of genomic DNA was observed at 48 h
treatment. ROS production is an early phase in apoptosis induced by PEBE treatment. Caspase-

3, an important effector of apoptosis got activated by PEBE treatment on A549 cells after 48
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h. The decrease in MMP of A549 cells treated with various concentrations of PEBE was
observed using TMRM dye as compared to control cells proving apoptosis.

On the other hand, H460 cells proliferation was maximally affected by but
chloroform bark extract with IC50 of 1 mg/ml at 24 h. Colonogenic ability of CBE shows
significant difference in mean tumor diameter. CBE acted via the apoptotic pathway & showed
fragmentation of genomic DNA in dose and time dependent manner. Increase in ROS was
responsible for CBE-induced apoptosis in H460 cell line. Unravelling the molecular
mechanism showed that CBE causes the activation of caspase-3 in H460 cells at24 h treatment.
Further, there is a decrease in MMP ofH460 cells treated with various concentrations of CBE
as compared to untreated cells, which was observed using TMRM dye.

Thus, it can be said that PEBE and CBE induced apoptosis of A549 and H460 cell
lines is through the activation of caspase-3 signaling and involves mitochondrial cell death
mediated pathway, leading to observed anti cancerous effect as shown in Figure 3.22. A

pictorial representation of the summary of this work is shown in Figure 3.21.
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Figure 3.21 Schematic representation of the mechanism of anticancer action of PEBE and CBE

of Bauhinia variegata.
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3.7 Chemical characterization of Bauhinia variegata L. bark extract by TG-
DSC, FT-IR and GC-MS analytical techniques.

3.7.1 Introduction
Thermal analysis has become a significant tool for characterization of dry extracts and plant
products. TG alongside other techniques helps in better understanding of the organic
molecules especially if the compounds are intended for pharmaceutical use®’. FTIR analysis
will help reveal the chemical composition in PEBE and CBE. The standardization and
characterization of dried extracts of therapeutic plants have been demonstrated by numerous
authors as uses of various thermal analysis techniques in pharmaceutical technology®%%.
The method of drug treatment aims at finding a product which attends market
necessities as well as provides efficacy, safety and quality. This thermal analysis is going tobe
useful in studying the behavior of drugs degradation during its dumping process after its
expiration since it may also release some toxic bye products which may be harmful for the
society. The objective of this section is to characterize the dried extracts of Bauhinia

variegata by TG/DSC analysis and FTIR coupled with GC-MS (TG- DSC-FTIR-GC-MS).

3.7.2. Thermal analysis parameters (TGA/ DSC)

The analysis of the change within the mass of a sample on heating is understood as
thermogravimetric analysis (TG). For TGA procedure, about 4 mg of PEBE and CBE samples
were analyzed within the temperature interval of 30-600°C with a continuing heating rate of
10 °C /min using Al203 crucible under a nitrogen flow of 50 ml/min during a (NETZSCH
STA 449F3Jupiter. 2005). All mass loss percentages were determined using Proteus analysis
software. The DSC curves of PEBE and CBE were obtained duringa NETZSCH DSC 200F3
Maia, using PAN aluminum crucibles with about 3-4 mg of samples under nitrogen
atmosphere at the flow of 50 mL/min. The pan was sealed and transferred to the heating
chamber to equilibrate for 2hrs. As a reference, a pan that was empty was used. Rising
temperature experiments were conducted at the temperature range from 25 to 300 °C and

heating rate of 10° C /min. Software called Proteus was used to analyze the data.

3.7.3 Fourier-transform infrared spectroscopy (FTIR)
Dried PEBE and CBE, 10 mg was encapsulated in 100 mg of KBr pellet so as to organize
translucent sample discs. The powdered sample was loaded in FTIR spectroscope (BRUKER,

FTIR spectrophotometer, Alpha 1) with a scan range from 500 to 4000 cm?,
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3.7.4 Gas chromatography—mass spectrometry Analysis for identification

of compounds (GC-MS)
GC-MS analysis was administered on a Perkin Elmer Turbo-mass coupled with GC-Auto-

XL, MS at 70eV using helium as carrier gas*.

3.8 Results and Discussion

3.8.1 Thermal analysis parameters of extracts:

In this thermograph, it can be observed that with increase in temperature, the substances
undergo gradual decomposition,then the change within the mass of the substances occurs with
the breaking of chemical bonds at the elevated temperatures. This analytical technique is
often used for characterization of plant extracts. The TG curves obtained for Bauhinia
variegata extracts under N2 atmosphere (pyrolysis) are presented in Figure 3.22 a and 3.22b.
The extract thermal comportment was divided into three sequential steps, with the primary
one associated with loss of loosely bound water due to sample dehydration. In graph’s, until
200°C, PEBE and CBE showed thermal stability with minor variations in mass. Around 150
- 200 <C, a change in mass% was observed as PEBE — 1.73% and CBE — 4.24% and possibly
related to non-oxidative degradation of extracts. Exothermic peaks arerepresentative during

the thermal degradation of plant extracts.

Finally, from 350 to 600 C, the PEBE was thoroughly degraded, leaving 17.96% residual
mass. For CBE, from 320 to 600 -C, the extract got fully degraded leaving 21.34% residual
mass. This is often mostly due to non-oxidative atmosphere used for thermal analysis. As
observed in TGA results of extracts, thermal events like mass losses were within the range of
30-100 °C (Phase I), 100-360 ~C (Phase IT) and 360—600 ~C (Phase III).
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Figure 3.22 a) TG curves for dried PEBE and b) CBE of Bauhinia variegata
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DSC (differential scanning calorimetry) is a technique to measure the changes in materials as
a function of temperature and time. In Figure 3.23 a and 3.23 b, the schematic DSC curve
shows typical thermal effect. The curve shows three transition phases, glass transitions labelled
(1), the peak due to crystallization labelled as (2) and eventually the decomposition labelled as
(3). Peak area corresponds to the enthalpy involved during the process. For PEBE, the melting
temperatures, within the differential scanning calorimetry (DSC) curve, occurred between 55
and 100°C (peak at 79.4°C) indicating a mix of the extract. For CBE, the melting temperature
arose between 50 - 70°C (peak at 51.2°C). The decomposition processes begin above 140°C
for PEBE and for CBE and it starts above 110°C.
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Figure 3.23 a) DSC curves for dried PEBE and b) CBE of Bauhinia variegata

3.8.2 Fourier-transform infrared spectroscopy (FTIR)

The data on the peak values and the possible functional groups (obtained by FTIR analysis)
present in the bark extracts (prepared in PE, CHL) of Bauhinia variegata are presented in
Figure 3.24 a, 3.24b and Table 3.4.

Petroleum ether (PE) extract: P.E extract of Bauhinia variegata exhibited a characteristic band
at 1460 cm™ indicating the presence of C-H group, 1734 cm pair of carbonyls (C=0) group,
2926.34 cm™ for C-H stretching and 3437.92 for -OH group.
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Chloroform (CHL) extract: The characteristic absorption band were exhibited at 3019.75 cm™*
(for OH group), 2927.24 cm™® (for C-H stretching), 2854.93 cm™ (for OH group), 1215.55 and
1261.33 cm™.

Transmittance [%]

75

70

Transmittance [%6]

100|

80
L

60
L

40
1

20
L

)

8 9% R32888

3

[

|
3
§

1215.55

1016.18

770.89 ——
669.35 ——
626.77 ——

i
g

o:
864.61

T

1500 1000 500

cm1

Figure 3.24 a) FTIR graph of PEBE of Bauhinia variegata and b) CBE of Bauhinia

variegata.

Table 3.4 FTIR spectral peak values and type of groups obtained for the bark extract (in

petroleum ether and chloroform bark extract solvents) of Bauhinia variegata

Extracts Extracts
(Petroleu vZfSeks Type Intensity Chlorofor vZfS:s Type Intensity
m Ether) m
Peg&'g?m 1388.77 C-H bending m Chloroform 669.35 C-Br stretch S
1460.63 C-H bend m 770.89 C-H bending S
1516.69 C-N=0 S 928.58 C-H stretch m
1623.61 C=C group \ 1016.18 | C-OH group S
C=0
1714.03 S 1096.94 | C-OH group S
carbonylgroup
c=0 C=0
1734.36 N S 1215.55 carbonyl S
carbonylgroup
group
C-H C=0
2853.88 . S 1261.33 carbonyl S
stretching
group
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C-H C-H
2926.34 stretching S 1463.60 stretgchln
Petroleum €=0
3427.92 -OH group \ 1727.55 carbonyl
Ether
group
2433.68 | -NH group
2854.93 -OH group
C-H
2927.24 stretchin
g
Chloroform 3019.75 | -OH group

3.8.3 Gas Chromatography/Mass Spectrometry Analysis

The GC/MS chromatogram showed the presence of various compounds in PEBE and CBE of

Bauhinia variegata as shown in table 3.5 and 3.6. Identification of the phytochemicals is based

on the peak area; retention time and molecular formula (table 3.5. and table 3.6).

Table 3.5. Phytocomponents identified in the petroleum ether bark extract (PEBE) of Bauhinia

variegata by GC/MS. CAS: Chemical abstract service

. Molecular Molecular
S. No. RT (min.) Name of compound formula weight CAS
. |Benzene,1,3- bis (1,1- C++H AN,
1. 9.05 min. Dimethyl ethyl) 14H22 190 1014-60-4
2. 9.43 min. [Trans-2- Undecen-1-ol C11H220 170 75039-84-8
3. 9.87 min. [Trans-2-undecen-1-ol Cq11H220 170 75039-84-8
. |Oxalic acid, allyl CorHaoO i
4. 11.52 min. hexadecyl ester 21M38Y1 354
5. 12.92 min. [1-lodo-2-methylundecane Cq1oHosl 296 73105-67-6
. [Phenol,2,4 -bis (1,1- Ca AHns0 2a.
6. 13.56 min. dimethylethy) 14H22 206 96-76-4
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. |Heptadecane,2,6,10,15 CoqH a.
7. 16.05 min. tetramethyl 21144 296 54833-48-6
8. 19.92 min. [Stearic acidhydrazide C18H3gN20 298 4130-54-5

. |Phthalic acid, nonyl CoanHcO )
S 20.61 min. tridec-2-yn-1-yl ester 307'46-4 470
10. 23.46 min. |n-hexadecenoicacid C16H3202 256 57-10-3
11. 25.04 min. |Oleic acid C18H3402 282 112-80-1
12. 25.96 min. [Oleic acid C18H3409 282 112-80-1

. 2-Methyl-Z-4-

CqcH -

13. 26.97 min. tetradecene 15M30 210
14. 27.38 min. [Oleic acid C1gH3405 282 112-80-1
15. 27.64 min. [Erucic acid CooHy209 338 112-86-7
16. 27.96 min. [Tert- Hexadecanethiol C16H34S 258 25360-09-2
17. 29.88 min. |Heptadecanoicacid C17H3409 270 506-12-7

. |12- Methyl- E, E-2,13- CraHarO )
18. 30.76 min. octadecadien-1-ol 19M36 280

Table 3.6 Phytocomponents identified in the chloroform bark extract (CBE) of Bauhinia

variegata by GC/MS.
Retentio Molecular Molecular
S.N. ntime Name of compound formula Weight CAS
. Phenol,2,4-bis
1 11.04 min. (1, 1dimethylethyl) C14H220 206 96-76-4
2 18.82min, | Hexadecanoicacid, )0y 0n) 284 628-97-7
' ' ethyl ester
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3 21.96 min. Oleic acid C18H3402 282 112-80-1
4 23.97 min. Oleic acid C18H3402 282 112-80-1
. 7-Methyl-Z tetradecen-1- 268

5 25.54 min. ol acetate C17H3202 -

. L 282

6 27.89 min. Oleic acid C18H3402 112-80-1
4-(1,1-Dimethylallyl)-9-

7 29.65 min.  |methoxy-7H-furo(3,2-g) | C17H1604 284 34155-80-1
[1] benzopyran-7-one
6-Hydroxy-3-(3,5di 270

8 30.35 min.  [methyoxypheny) C16H1404 241472
-benzo (b)furan

3.9 Conclusion

Data on thermal and FT-IR analysis on a plant derived raw material is important to establish

parameters on the development of therapeutic products which will help in insuring its quality,

safety and efficacy. This study also showed that thermal disposal of Bauhinia variegata PEBE

and CBE results in the release of harmless bye products which definitely increase the

application of this efficient anti-cancerous drug in pharmaceutical applications where this safe

disposal may be used as a commercial claim.
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