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ABSTRACT

In previous work, three flavonoids viz Luteolin-78@lucopyranoside (1), Quercetin-3-@-d-glucuronide (II) and
Formononetin-7-Q3-D-Glucoside (l1l) were isolated from Cassia toeales. As an extension of work, the present
study aimed to evaluate the anti-oxidant and amies potential of these flavonoids using in-vitroduals. The
ethanol extract was standardized using HPLC by arng with known markers. The total phenolic contend
flavonoid content was accessed using Folin-Denid AICl; method respectively. The antioxidant potentiaihef
samples was evaluated using inhibition of hydreagiical, 2,2-diphenyl-1-picrylhydrazyl (DPPH), amitric oxide
scavenging methods. Breast cancer (MCF7) cell fias used as the in-vitro cancer model for MTT askayhe
HPLC analysis, 4 flavonoids were identified by cangon with retention time of standard marker viguercetin,
kaempferol, formononetin and luteolin. The totakpblic content and flavonoid content was founde&alB.60 %
w/w and 9.5% w/w respectively. The radical scaveggactivity of the isolated flavonoids decreasedthie
following order: quercetin (I values 15, 14, 18 pg/mL) > luteolin @g&alues 19, 21, 14 pg/mL) > formononetin
(ICso values 20, 23, 18 pg/mL) respectively. The flawsmduteolin and quercetin possess potent anticancer
property against breast cancer cells (MCF7) withd@alue of 14 and 18g/mL respectively. This study suggests
potential antioxidant and anticancer activitiestbé flavonoids of Cassia tora.
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INTRODUCTION

Cancer is a multistep disease incorporating phiysécevironmental, metabolic, chemical, and genfetitors, which
play a direct and/or indirect role in the inductiand deterioration of cancers. For the past decadesh research
has been developed in order to discover naturalpoomds with potential anticancer activity and selvelant-
derived agents (e.g., paclitaxel, docetaxel; vistihe, vincristine; topotecan, irinotecan, etopesietc.) have been
successfully used for cancer treatments [1-3]. Agnthe anticancer medications, 69% of drugs apprtetween
1940 and 2002 are either natural products or dpeeldased on knowledge gained from natural proddct.
Application of plants in the treatment of canceeras to be inevitable, constituting the basis fordera medical
science and providing a great source for new diigs
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Flavonoids are naturally occurring polyphenolic abetlites distributed throughout the plant kingdaks. natural
products, flavonoids are regarded as safe andyeasbitainable, making them ideal candidates for eanc
chemoprevention or associated agents in cliniedttnent [7]. Almost all artificial agents currentiging used in
cancer therapy are highly toxic and produce sedareage to normal cells [8]. The ideal anticancemagvould
exert minimal adverse effects on normal tissue$ wiximal capacity to kill tumor cells and/or inhiltumor
growth [9]. The lack of substantial toxic effects fong-term therapies and inherent biologicahdtgtiof flavonoids
make them ideal candidates for new therapeutict [h@eed, flavonoids have been shown to reveabtoyic
activity toward various human cancer cells withditor no effect on normal cells, and this fact btiswulated large
interest in developing of potential flavonoid-basdtemotherapeutics for anticancer treatment [11je Eo the
polyphenolic structure, flavonoids have been fouadpossess both anti- and prooxidant action [12hilgV
antioxidant effect and ability to scavenge reactivggen species (ROS) have been shown to accountdst of the
reported biological effects of phenolic compourstsyeral recent studies have revealed that anticautigities of
flavonoids may be mediated through prooxidant act@ancer cells exhibit a higher and more persigiginative
stress level compared to normal cells, renderintigment cells more vulnerable to being killed bygs that boost
increased ROS levels, such as some flavonoids [13].

Cassia toraLinn. (Family: Caesalpiniaceae) is an annual hafh39 cm high growing in India as wasteland rainy
season weed. The leaves and seed3askia toraare found to be used in leprosy, psoriasis, riogmy flatulence,
colic, dyspepsia, constipation, cough, bronchitid aardiac disorders in the Ayurvedic system of icied. It is a
rich source of anthraquinone glycosides and flaids§l4,15]. Hence the present study was desigoexyaluate
antioxidant and cytotoxic effect of flavonoids iat@d from the ethanol extract G&ssia tordeaves.

MATERIALS AND METHODS

Plant Material

The plant specimen for the proposed study was delliein Chennai, Tamilnadu. It was identified anthanticated
by Dr. P. Jayaraman, Director, Plant Anatomy Rede@entre (PARC), Tambaram, Chennai. A voucherispat
No. PARC/2011/2141 has been deposited for furtbferences.

HPLC analysis

The qualitative analysis of the sample was perfarraecording to the method of Boligon et al., 2018]] The
Jasco HPLC system consists of a pump (model Jdd2089, intelligent HPLC pump) with an automaticeiction
system programmed at 20 capacities per injection. The detector consi$ta &V/VIS spectrophotometer (Jasco
UV 2075) at a wavelength of 270 nm. The softwaredusas Jasco Borwin version 1.5, LC-Net II/ADC eyst
The column was Thermo ODS Hypersil C18 (250 x4.6, fhipm) in isocratic mode. The separation was achieved
using a mobile phase of methanol, water and phaogphoid (100:100:1, v/v/v) at a flow-rate of 1.9/min. The
effluent was monitored using UV detection at a viewgth of 270 nm. The mobile phase was filteredulgh 0.45

um nylon filter prior to use.

Sample preparation

Powdered sample &. toraleaves was weighed and transferred to a 250 it fited with a reflux condenser.
About 78 ml of extraction solvent (EtOH;8:HCI, 50:20:8) was added, refluxed on a hot whtgh for 135 min,
cooled at room temperature and transferred to anil0@Ilumetric flask. About 20 ml of methanol waddad to the
250 ml flask and sonicated for 30 min, afterwatdsdolution was filtered and the filtrate was tfangd to the 100
ml volumetric flask, the residue was washed onfitter with methanol. The wash was collected in aene 100 ml
volumetric flask and diluted to volume. Identifizat is based on retention times and on-line spedaga in
comparison with authentic standards.

Estimation of Phytoconstituents
The phytoconstituents present in dried coarsely deved Cassia toraleaveswas estimated using standard
procedures.

Total Phenolic Content

The content of total phenolics in the powdered dmag determined by using Folin-Denis reagent. Aliogtam of
the powder was extracted in an ultrasonic wave batn 80 ml of aqueous ethanol solution (70% v/@) 2 hr.
After cooling, the volume of the solution was adfasto 100 ml. The final solution was centrifugaibr to the
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colorimetric determination. Tannic acid standart8 { 110 mg/ml) were dissolved in 100 ml of aqueetiganol
solution (70% v/v) respectively. About 10 ml of FeDenis reagent was added to 1 ml of the extralettion and 1
ml of standard solution. After reacting for 3 mir§ ml of 35% sodium carbonate solution was addetithe test
solution was diluted to 100 ml with water and mixédter 45 min, an aliquot was centrifuged for 5nmirhe
absorption coefficient for the supernatant was mexkat 745 nm. The total phenolic content ofdékizact were
calculated using the mean regression coefficiemhfthe standards [17].

Determination of Total Flavonoids

Total flavonoid content in dried plant material westimated by spectrometric method. (Perkin-EIm&«Wis
spectrometer Lambda 16 (Germany)) [1&)ried powdered plant material (10 gm) was extradigctontinuous
mixing in 100 ml of 70% ethanol, 24 hr at room tewgiure. After filtration, ethanol was evaporatetdillonly
water remained. Water phase was subsequently tedradth ethyl acetate. The extract was dried @mdrydrous
sodium sulphate, filtered and concentrated undeowa up to a concentration of 1 gm/ml of extradteyl were
further diluted with ethyl acetate to obtain 0.0f/ml solutions. About 10 ml of the solution wasnisgerred into a
25 ml volumetric flask, 1 ml of 2% AlGwas added and the solution was filled to volumihwiethanol-acetic acid
and was kept aside for 30 min. The absorbance vessuned at 390 nm against the same solution witAllg
being blank. The total flavonoid content was deteed using a standard curve with quercetin (100001mg/L) as
the standard. Total flavonoid content is expressenhg of quercetin equivalents (Q) /g of extract.

In-vitro antioxidant

Several concentrations ranging from 50-400 pg/mihef ethanolic extract and concentrations ranginghf5-40
pag/ml of flavonoids Luteolin-7-@-glucopyranoside (1), quercetin-34®d-glucuronide (II) and Formononetin-7-
O-B-D-Glucoside (lll) were tested for their antioxidaactivity in different in-vitro models [19]. It as observed
that free radicals scavenging property of the wes$ found to be in a concentration dependent mainnall the
models.

Nitric oxide radical scavenging assay

Nitric oxide was generated from sodium nitropruss&thd measured by Griess reaction. Sodium nitsspda (5
mM) in standard phosphate buffer saline solutia@ZB M, pH: 7.4) was incubated with different comications of
ethanolic extract (50-400 pg/ml) dissolved in phwgp buffer saline (0.025 M, pH: 7.4) and the tubese
incubated at Z& for 5 hr. Control experiments without the testngmunds but equivalent amounts of buffer were
conducted in an identical manner. After 5 hr, 0l5ofrincubation solution was removed and dilutedwd.5 ml of
Griess reagent (1% sulphanilamide, 2% O-phosphamid and 0.1% naphthyl ethylene diamine dihydrogtié).
The procedure was repeated with isolated flavon{d40 i g/ml). The absorbance of the chromophorenéd
during diazotization of nitrite with sulphanilamidad its subsequent coupling with naphthyl ethyldiaenine was
read at 546 nm.

DPPH radical scavenging activity

The free radical scavenging activity was measureteims of hydrogen donating or radical scavengihiity,
using the stable radical, DPPH. About 0.1 mM solutbef DPPH in methanol was prepared and 1 ml afgblution
was added to 3 ml of the different concentratioretbfanolic extract (50-400 ug/ml), in differentttésbes. The
procedure was repeated with isolated flavonoidd(Q5tg/ml), and control (without the test compoumat, with an
equivalent amount of methanol). The mixture waskshaand allowed to stand at room temperature fonB0Dand
the absorbance was measured at 517 nm using aggreatibmeter. Decrease in absorbance of the reactigture
indicates higher free radical scavenging activity.

Hydroxyl radical scavenging activity

The assay was performed by adding 0.1 ml EDTA, @m0f ferric chloride, 0.1 ml of hydrogen peroxjd&36 ml
of deoxyribose, 1 ml of ethanol extract (50-400miy/ 0.33 ml of phosphate buffer (50 mM. pH 7.@)1 ml of
ascorbic acid in sequence and incubated ¥ 33 1 hr. The procedure was repeated with isdléisesonoids (5-40
pg/ml), and control (without the test compound, With an equivalent amount of methanol). A 1.0 mitjpn of the
incubated mixture was mixed with 1.0 ml of 10%dhiloro acetic acid and 1.0 ml of 0.5% thio barbdwacid to
develop the pink chromogen, which was measure®2ambn. All determinations were performed in plicates.
Percentage inhibition was calculated by using timiila,
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Percentage inhibition (%) = (Absorbance of confAbsorbance of test) x 100
Absorbance oftrol

In-Vitro Anticancer Activity

Cell Line and Culture

MCEF7 cell line was obtained from National Centre @ell Sciences, Pune (NCCS). The cells were miaiathin
minimal essential media supplemented with 10% FRBicillin (100U/mL), and streptomycin (1Q@/mL) in a
humidified atmosphere of 4@/mL CQ, at 37°C.

Reagents

MEM was purchased from Hi Media Laboratories; febalvine serum (FBS) was purchased from Cistron
laboratories; Trypsin, methylthiazolyl diphenylsestolium bromide (MTT), and Dimethyl sulfoxide (DN$ were
purchased from Sisco research laboratory chemikhlebai. All of the other chemicals and reagentsewsbtained
from Sigma-Aldrich, Mumbai.

Procedure

Cells (1x18/well) were plated in 5L of medium/well in 6-well plates (Costar CornirRpchester, NY). After 48
hours incubation, the cell reaches the confluefiben, cells were incubated in the presence saniple®l-48h at
37°C. After removal of the sample solution and viaghwith phosphate-buffered saline (pH 7.4)mt/well
(5mg/mL) of 0.5% 3-(4,5-dimethyl-2-thiazolyl)-2,5-dipnyl-tetrazolium bromide cells (MTT) phosphatefbtéd
saline solution was added. Afteh4ncubation, 0.0M HCl/isopropanol was added. Viable cells were deteed

by the absorbance at 5ith. Measurements were performed, and the conciemtnaquired for a 50% inhibition of
viability (ICso) was determined graphically. The absorbance an&¥®as measured with a UV-Spectrophotometer
using wells without sample containing cells as k&af20]. The effect of the samples on the prolifieraof MCF-7
cells was expressed as the % cell viability, usivegfollowing formula:

% cell viability = Ao Of treated cells x 100
& of control cells

Statistical analysis

Level of significance of all the parameters wasregped as the arithmetic mean + SEM and was amblyzene-
way analysis of variance (ANOVA), followed by Duritie “t” test. P value less than 0.0B< 0.05) was the critical
criterion for statistical significance.

RESULTS AND DISCUSSION

In an earlier work, three flavonoids were isolatgd., Luteolin-7-Og-glucopyranosidel§, quercetin-3-GB-d-
glucuronide(ll) and Formononetin-7-@-D-Glucoside(lll ) [21]. The therapeutic potential of flavonoids ahe
necessity for scientific validation in popular mgde have prompted increased interest in the field.

HPLC analysis

Qualitative analysis of the ethanol extract of@@ssia tordeaves demonstrates the presence of seven contponen
In the present investigation, three flavonoids wdemntified at 254 nm using peak area by comparisanretention
times of the standard marker, quercetin, Kaempfdmsmononetin and luteolin (Figure 1la and 1b). Thain
difference was in peak, eluted at 12.07 min, 192 and 31 min respectively. These results showetbee, that
Cassia toraleaves are a rich source of the important biollgicactive flavonoids, quercetin, kaempferol,
formononetin and luteolin.
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Figure 1a: HPLC fingerprint of ethanol extract of Cassia tora leaves
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Figure 1b: HPLC fingerprint of reference standards
1: Quercetin 2: Kaempferol 3: Formononetin 4: Lutedin
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Estimation of Phytoconstituents

Flavonoids are the most diverse and widespreadogobnatural compounds and are likely to be thetrimoportant

natural phenolics. These compounds possess a bpeattum of chemical and biological activities udihg radical

scavenging activity. The contents of total phenatsl flavonoids were estimated by the standard suared

expressed as gallic acid equivalents for total pteeand quercetin equivalents for flavonoids. Theant of total

phenolic content and total flavonoid content in #thanol extract showed 18.60 mg/g dry weight, esped as
Gallic acid equivalents and 9.5% mg/g expressegluiascetin equivalents respectively.

Anti-oxidant activity

Antioxidants are significant in the prevention dfinman illness and may function as free radical Sugwes,
complexes of pro-oxidant metals, reducing agents guencher of singlet oxygen formation. Free rddipasses
the ability to reduce the oxidative damage assediatith many disease including neurodegeneratigeadies,
cancer, cardiovascular disease, cataracts and fPjSAntioxidants through their scavenging powes aseful for
the management of these diseases. The resultdatedated in Table 1.

Inhibition of Hydroxyl radical: The potentially reactive hydroxyl radicals can @uosidative damage to DNA,
lipids and proteins. The effect of ethanolic extraed isolated flavonoids on the inhibition of freelical-mediated
deoxyribose damage was assessed by means of iyalefendent DNA damage assay, which showed sagmifi

results. The Ig value of ethanolic extract, standard and isolaleebhoids I, 11, 11l being of 270 pg/mL, 18 pg/mL,
19 pg/mL, 15 pg/mL, and 20 pg/mL respectively.
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Table 1: Free radical scavenging activity of etharextract and flavonoids from Cassia tora leaves

Drugs Concentration (ug/ml) | Hydroxyl radical inhibition (%) | DPPH radical inhibition (%) | Nitric oxide i nhibition (%)
50 11.24+1.14 13.36+1.36 14.14+1.29
100 18.45+1.72 28.26+2.14 30.36+1.40
Ethanol extract 200 39.13+1.32 56.25+1.46** 61.02+1.72**
300 54.24+0.66** 80.14+2.52** 82.31+1.79**
400 83.24+1.36** 97.17+2.40* 94.15+1.50**
ICx¢ 270 pugml 190 pg/m 130 pg/m
5 13.06+1.46 10.90+1.48 19.24+1.37
10 24.41+2.10 21.69+2.13 34.42+2.15
Compound 20 52.45+1.60** 48.83+1.56** 68.11+3.20**
30 79.08+2.20** 72.56+3.22** 80.25+0.36**
40 87.32+3.28** 90.54+1.38** 95.68+2.59**
ICsc 19 pg/mi 21 pg/mil 14 pg/ml
5 19.32+0.08 18.43+1.22 11.23+1.36
10 33.48+1.64 34.21+1.09 28.32+2.20
20 68.40+2.60** 69.68+0.83** 57.28+1.27*
Compoundl 30 80.20+3.02** 85.35+1.60** 82.43+1.47
40 96.27+1.03** 98.08+0.94** 93.27+2.38**
ICs¢ 15 pg/ml 14 pg/ml 18 pg/ml
5 12.68+1.20 11.97+1.67 12.20+1.58
10 26.46+1.89 22.24+0.05 27.21+1.69
20 50.90+2.11** 44.90+1.12 54.35+1.50**
Compoundl 30 74.43+1 45 68.15+0.93** 69.12+1.40%*
40 88.16+2.36** 85.36+3.17** 90.14+0.75**
ICsc 20 pg/ml 23 pg/ml 18 ug/ml
5 14.31+1.20 12.38+1.80 10.81+1.72
10 30.46+3.09 20.68+1.28 18.68+0.62
Ascorbic acid 20 59.68+1.38** 41.36+1.82 28.26+2.31
30 88.25+1.49* 62.84+1.82* 44.36+1.28**
40 94.60+2.30** 80.82+2.18* 70.10+2.16**
ICsc 18 pg/ml 24 pg/ml 35 pg/ml

Values are mean + SEM of 6 parallel measuremeisis8cal significant test for comparison was ddneANOVA, followed by Dunnet's ‘t’ test
(n=6). All the values are statistically significaat **P< 0.01.

Inhibition of DPPH radical: DPPH assayis considered a valid and easy way to evaluateesgang activity of
antioxidants, since the radical compound is stablé does not have to generate as in other radisalys. DPPH
radicals react with suitable reducing agents aed tlectrons become paired off and the solutioed@®lour with
the number of electrons taken up [19]. The potemiécrease in the concentration of DPPH radical @uéhe
scavenging ability of ethanolic extract and isaafiavonoids 1, I, Ill showed significant free riadl scavenging
activity of about 97%, 85%, 98%, and 90% respebtiat higher doses with the dgvalue being 190 pg/ml, 21
pag/mL, 14 pg/mL and 23 pg/mL respectively.

Nitric oxide scavenging activity: Nitric oxide (NO) is a free radical produced in mammalian ¢éfigolved in the
regulation of various physiological processes. Koy, excess production of NO is associated witrerse
diseases. Nitric oxide is a very unstable spearader aerobic conditions. It reacts witf © produce stable
product nitrate and nitrite through intermediate3, W,0, and NO,. It is estimated by using Griess reagent and in
presence of test compound which is a scavengethtbamount of nitrous acid will decrease [19].e Htavenging

of nitric oxide by ethanolic extract, and isolatBavonoids, was concentration dependent. Thg \@lue of
ethanolic extract, standard and isolated flavonbitis Il being of 130 pg/mL, 35 pg/mL, 14 pg/mi8 pg/mL and

18 ug/mL respectively. On a comparative basis,fldneonoid formononetin showed better activity ineqghing
nitric oxide with an IGyvalue of 14pug/ml.

In Vitro Anticancer Activity

In order to understand the effect of ethanol exteaxd isolated flavonoids @@assia toraon human breast cancer
cells, experiments were conducted using cultured=Fi€ell lines. MTT assay is a well-establisheditro method
for assessing cytotoxicity against cancer celldinResults of the cell viability were measured giTT assay
(Figure 2). The viability of MCF7 cells was remabkadecreased in a dose dependent manner aftémeatiwith
ethanol extract and isolated flavonoids at all emti@ations (5-16@g/mL) for 24 hour (Table 2). The igvalues
were determined from the graphs of the ethanobekiand flavonoids on MCF7 cell lines.
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Table 2: Cytotoxicity effect of ethanol extract andsolated flavonoids on MCF7 cell line

. % of cell viability
S:No | Concentration (ug/ml) Ethanol extract | Luteolin | Quercetin | Formononetin
1 160 20.8 8.1 11.8 13.7
2 80 33.4 15.3 20.4 23.6
3 40 50.€ 26.7 32.t 46.2
4 20 75.3 34.6 48.6 60.4
5 10 87.5 60.3 69.5 74.3
6 5 90.6 70.4 75.8 83.7
7 ICsc 40 14 19 34

The flavonoid luteoloin and quercetin showed powmotoxic effects with the 1§ values of 14 and 18g/mL in
MCEF7 cell line whereas ethanol extract and thediteid formononetin gave the dCvalues of 40 and 3dg/mL
respectively in MCF7 cell line. According to the tidmal Cancer Institute (NCI), the criteria of ctggic activity
for the crude extract are 4¢£< 20 ug/mL [23]. The IG, values indicated that the anticancer activity suflated
flavonoid fraction was higher than ethanol extragainst MCF7 cell lines (Figures 2), and theyl@f the isolated
flavonoids luteoloin and quercetin fall within tiNCI criteria, thus the flavonoids luteoloin and oretin were

considered as promising anticancer potential. Stadgws relative activity being as luteolin> queirtet
formononetin.

Normal MCF-7 cell Ethanol extract

Lateolin Quercelin Formononetin
Figure 2: Morphological features in MCF-7 cells treated with ethanol extract and flavonoids

The anticancer efficacy of flavonoids is due, astein part to their ability to induce apoptosisturihor cells [24].
Most breast cancers are heterogeneous and cohEBtpositive and -negative cells. Therefore, age¢hat are able
to inhibit the growth of both ER-positive and -nBga tumors are of great interest [25]. Dietarywfiaoids seem to
display such dual activity, inhibiting both receppmsitive and -negative breast cancer cells.
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CONCLUSION

In conclusion, considering that many chemotherdpeagents against tumor cells without sparing nérosdls
remain a major obstacle and development of mulgidresistance further limits chemotherapy in cantee,
promising results will stimulate the developmentflaivonoids for cancer chemoprevention and chermathe
Beneficial effects have been described also by @oimdp certain flavonoids with standard chemothetdigedrugs
leading to decrease in the dosage and associatedytavhile targeting specific resistance mecharssIn this way,
the genotoxic damage caused by standard chemothgiepto normal cells can be diminished, theredmucing
the chance of developing of secondary cancers R26ther work is certainly needed to develop aratipce novel
drugs from natural sources introducing structuigliations into the backbone of flavonoids and mydg their
structures to further improve biological activitydaexhibit more potent anticancer effects [27].
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