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ABSTRACT

Thelnvitro anticancer effect of CALE (Cassia auricul ata leaf extract) was
evaluated in human breast adenocarcinomaM CF-7 and human larynx carci-
noma Hep-2 cell lines. CALE was found to inhibit the growth of both cell
lines in a dose dependent manner with I1C, values of 400ug and 500ug for
MCF-7 and Hep-2 cellsrespectively. The results showed anti cancer effect
due to nuclear fragmentation and DNA laddering in agarose gel electro-
phoresis. Morphological analysis by Transmission electron microscopy
showed mitochondrial membrane damagein CALE treated MCF-7 and Hep-
2 cells. CALE was found to have cytostatic effect on the growth of both
cellsmeasured by the DNA, RNA and total protein contents. Levelsof GSH
decreased upon CALE treatment indicating the involvement of cellular an-
tioxidants. The activitiesof LDH and G reduced following CALE treatment
for both the cell lines. The activities of mitochondrial membrane bound
enzymes like Na'/K* ATPase, Ca?* ATPase and Mg? ATPase decreased
suggesting mitochondriamediated cytotoxicity of CALE against breast and
larynx cancer cells. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thereisared challengefor designing and synthe-
sizing completely novel drugsfor specificcdlular tar-
gets, very much achemotherapeutic approach. There-
fore existing biological resources can beexploitedin
searchfor new molecules, becausewhiletherearemany
compoundsaready under investigation for their chemo
preventive properties. In recent years plant and plant

products serve vital sourcesof blocking and suppress-
ing agentsthat interferethe carcinogenic process. The
plantsassuch or their established products have been
widely reported for their chemo preventiveand thera-
peutic potential s against cancer’®24, Epidemiol ogica
studies have suggested that dietary habitscould influ-
enceasmany as 30% of cancers. Thestudiesa sorevel
that specific pharmacol ogically active agents presentin
diet might reducetherelativerisk of cancer develop-
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ment. Whilesome compoundsof diet havebeenblamed
for inducing cancer, numerous studiessuggest thet there
are also protective agents found particularly in veg-
etables, fruits, herbsand spices. Theexplaitation of plant
products aschemo preventive agentsisvery much at-
tractive, just for thereason of least toxicity. A remark-
ablesugeof interest in chemoprevention research has
thusled totheidentification of many phyto chemicadsas
effectivechemo preventiveagents. Ethanomedica plant-
usedatain many formshasaso been highly utilizedin
the devel opment of formularies and pharmacopoeias,
providingamajor focusingloba hedlth care, aswell as
contributing substantially to the drug devel opment pro-
Cess.

Cassiaauriculata. Linn (Cesa pinasese) isoneof
such plant with fast growing, branched, tall, ever green
shrub with reddish - brown branches. Dried flower and
leaf of the plants are being used for medicinal treat-
mentstraditionally. Theplant also findsitsusein an-
tidiabetic activity!>>23, antihyperlipidaemic effect, anti
viral, anti spasmodic activitiesand anti pyreitic activ-
ity®>24, Theleaf extract of Cassia auriculata shows
emollient effectd’® and anti bacteria activities®. The
leaf extract of the plant isproved to haveeffect in treat-
ment of acoholicliver injury™. Thereforeour present
study was focused on the biochemical and morpho-
logical anaysisof CALE treated MCF-7 and Hep-2
cdllines.

MATERIALSAND METHODS

Chemicals

Analytical gradereagentswere used in the study.
Eagle’sMinimal essential media(S.MEM) and Fetal
bovine serum (FBS) were purchased from GIBCO. 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide(MTT), proteinase K, were purchased from Sigma
Chemical Company, St Louis, MO, USA. Molecular
weight ladderswerefrom Boringermanhemm-Germany,
GIBCOBRL, Geni IndiaLtd. Nucleo Spin DNA ex-
traction kit wasfrom Macherey-Nagel Gmbg and Co,
Germany.

Preparation of Cassia auriculata leaf extract
(CALE)

Freshly collected leaves of Cassiaauriculatawas
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cleaned and shadedried. Thedried leaveswere coarse
powdered in alow speed blendor. 1gm of the pow-
dered |eaveswas soaked in 100ml of absoluteethanal.
Themixturewaskept intherotary shaker for 48 hours.
The contentswerefiltered throughmudinclothand the
filter was dried at 55°C. The sediments were re-ex-
tracted as mentioned above. The dried extract was
scrapped and stored at 4°C inair tight vials.

100mg of the ethanolic extract was dissolved in
10ml of MEM without FCS containing 0.5% dimethyl
sulphoxide (DM SO). Working concentrationsof CALE
ranging from 10microgramsto 1milligramwereprepared
freshly and filtered through 0.45micronsfilter before
each assay and tested for any fungal or bacteria con-
taminations. Thefinal concentration of DMSOinthe
medium was <0.01% which had no detectabl e effect
oncdl growth.

Cdl linesand cdl cultures

MCF-7 (Human breast adenocarcinoma) and Hep-
2 (Human larynx cancer) cdl lineswere obtained from
National Center for Cell Sciences, Puneand grownin
S.MEM mediasupplemented with 10% FBS,100 1U/
ml penicillin,100ug/ml streptomycin,20ug/ml Kanamy-
cinAcid Sulphate,20ug/ml Amphotericin-B, 3% L-
Glutamineand 7.5% Sodium-bi-carbonatesolution. The
cellswere maintained as monolayer in 25cm? plastic
tissuecultureflasksat 37°Cinahumidified amosphere
containing 5% CO, inair. Exponentialy growing cells
wereused for dl the experiments.

Cytotoxicity and anticancer assay

Thecytotoxicity of CALE wasfound usngthenon
tumorogenic breast (HBL-100) and African greenmon-
key epithelia (Vero) cdls. TheHBL-100and Verocells
areimmortal, but non tumorogeni c and do not express
most of the specific tumorogenic markers. Both cellsat
aconcentration of 1 x 10° cells per well were seeded
in24 well plates. After overnight growth, themedium
was repl aced with mai ntenance medium (SMEM with-
out FBS) containing the various concentrations of the
CALE andincubated for 24 h. Theplatesweremicro-
scopically examined for cytotoxicity. MTT assay was
used to assessthe cell viability based on thereduction
of MTT by mitochondrial dehydrogenase enzyme of
theviablecdllsto purpleformazon product asdescribed
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by Mosman®. Briefly, cdlsweredilutedinthegrowth
medium and seeded in 24 well plateat aconcentration
of 5 x 10* cells/well. After overnight incubation, the
growth medium wasrepl aced with exposure medium
(SMEM without FBS) containing desired concentra-
tionsof CALE. After 24 h, thecellsin eachwell were
washed with 200ul of PBS, and incubated with 100pl
of 500ug/ml MTT in PBS at 37°C for 3 h. The so
formed M T T-formazon product wasdissolved in 200ul
of DM SO and estimated by measuring the absorbance
at 570nminan ELISA platereader. Cell survival was
expressed as percentage of viable cells of treated
samplesto control samples. Thetest wasperformedin
triplicates and the experimentswere repeated at | east
threetimes. The same protocol wasrepeated to check
the anti cancer activity of CALE using known
tumourogenic MCF-7 and Hep-2cells.

Trypan bluedyeexclusion assay

MCF-7 and Hep-2 cellsat aconcentration of 1 x
10° cellsper well were seeded in 24 well plates. After
24 hours, the medi um was replaced with maintenance
medium (SMEM without FBS) containing various con-
centrationsof CALE andincubated for 24 h. 0.5 ml of
TPV G was added to the wel | s after decanting media.
After 2minutesthe TPV G was neutralized by adding
100ul of FCSand then decanted carefully. The plates
wereincubated at 36°C for five minutes, until thecom-
pletemonol ayer wasremoved from thesurface. Added
1 ml of MEM (without FCS) to thewellsand the sus-
pension was aspirated to break the clumps. 0.2ml of
the suspension was mixed with 0.2ml of try pan blue
and cell count was done asdescribed in cell count as-
say. Cell count was donefor each plate?3.

Transmission electron microscopy

Cdlsweretreated with different concentrations (400
and 500pg/ml for MCF-7 and Hep-2 respectively) of
CALEfor 24 hoursand plated. The cellsprocessing
for TEM was carried by protocols described by
David™.

Cdlswerefixedinmodified carnoy’sfluid buffered
in 0.1 M phosphate buffer at pH 7.4. Fixation wasfor
10to 18 hoursat 4°C, after which the cellswerewashed
infresh buffer, and post fixed for 2 hoursin 1%. Os-
mium tetroxidein thesamebuffer at 4°C. After severa
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washesin 0.1M phosphate buffer, the specimenswere
dehydrated in acetone solutionsand embeddedin CY
212 ord dite. Ultrathin sections of 60 to 80nm thick-
nesswere cut using an ultra-cut E (Reichert Jung) Ul-
tra-microtome and the sectionswere stainedin al co-
holic uranyl acetate (10 minutes) and Lead citrate (10
minutes) beforeexamining thegridsinatransmission
€l ectron microscope (Philips, CM-10) operated at 60-
80K V.

DNA fragmentation analysis

MCF-7 cdllsweretreated with test compound for
24 hrs. 10 x 10° cells were collected along with re-
spectivecontrols, centrifuged a 3000rpmfor 5minand
supernatant discarded. Thecell pellet waswashed with
ice-cold PBS and re suspended. DNA isolation was
carried out using Nucleo Spin DNA extraction kit as
per theinstruction provided. DNA (2ug) wasloadedin
1.6% agarose gel, stained with 0.5ug/ml of ethidium
bromideandvisudizedinaUV illuminator®Y,

Assessment of cytostatic effect

Cellswereplated in 6 well plates (Corning star,
New York ) and incubated with 400ug of CALE for
MCF-7 and 500ug of CALE for Hep-2 cells for a
period of 24 hours. Cytostatic effect of CALE wasas-
sessed by measuring the amount of cellular DNAM,
RNA® and totd protein™” levels.

Biochemical assays

24 wel| plates seeded with MCF-7 cellswerein-
cubated withtheir IC_ level of CALE and control cells
wereincubated with MEM for 24 hrs. Following incu-
bation, cellswere collected by trypsi nization, washed
with PBS (pH 7.4) threetimes and pellet was trans-
ferred into extraction sol ution, which contained 20mM
potassium phosphate buffer (pH 7) and aproteasein-
hibitor cocktail. Cellswere sonicated usngaBiosonic
IV sonicator with 15- sec burstsfor atotd of 4 minon
iceand centrifuged at 15000g for 45 minin arefriger-
ated (Remi, Japan) centrifuge. Thesupernatant obtained
was used in the experiments. Latate dehydrogenase
activity was assessed by the method of Nieland et al .,
1959.Glutathione reductase was assayed by the method
of Dubler and Anderson, 1981. Intracellular levels of
GSH were estimated using the method of Patterson,
1955.
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Mitochondrial membranebound enzymeassays

MCF-7 and Hep-2 cells were incubated with
400ug and 500ug of CALE respectively, for 24 hours.
Thecellswerethen pelleted and washed oncewith phos-
phate buffer and resuspended the same buffer and fro-
zen. The suspensionwasthawed to break thecellsand
cooledinice. Thecell extract wasmadein 2.5mM in
MgCl, and centrifuged at 6000g for 10 minutesto re-
movetheunbroken cells. Themembranefractionwas
collected by centrifugation at 50,0009 for 45 minutes.
After washing twiceand re-homogenizationinthesame
buffer (ice-cold), the membranefraction wasused for
theestimation of Na'/K* ATPasd®, Ca?* ATPasd@ and
M gz+[33].

Satistics

Theanti cancer assay dataare presented asmean
percentagesof control +£S.D and linear regression andy-
siswasusedto calculatethe|C, valuesfor the cyto-
toxicity assays. All other datawereandyzed usngandy-
sisof variance (ANNOVA) followed by Tukey-HSD

test andtheresultswere considered statisticaly signifi-
cant if thep valuewas <0.05.

RESULTSAND DISCUSSION

Cytotoxicity and anticancer activitiesof CALE

Any compound that isactiveagainst the cancer cells
must be checked for itssdectivity or nontoxicity against
norma cdls. Thereforewefirst examined the cytotoxic
effects of CALE on the growth of the normal HBL-
100 and Vero cell sasrespective control s. Further anti-
cancer activity was checked in cancerousM CF-7 and
Hep-2 cells. CALE showed dose dependent cytotoxic
effectson both MCF-7 and Hep-2 cellswith IC_ val-
ues of 400ug (Figure 1a) and 500ug (Figure 1b) re-
spectively, however though not significant the above
mentioned concentrationsof CALE had itseffect on
norma cdll lines(Figurela& b). For dl further experi-
ments|C,, valueswereused. The above observations
wereal so confirmed by the Trypan bluedyeexclusion
assay (Figure2a& b).

M or phological changesof cellsby CALE
Figure 3 showsthe transmission el ectron micro-

= Regular Paper

graphs of MCF-7 and Hep-2 cells treated with 400
and 500ug of CALE respectively for 24 hours. The
untreated control M CF-7 cellshad smooth surfaceand
reduced microvilli (Figure3A). Cdl surfacemicrovilli,
large nucleoli and scanty cytoplasm werecommonin
cancer cells. Hep-2 control cells had giant mitochon-
driawhich are characteristics of the cancer cells (Fig-
ure3 E). Swollen mitochondriaand vacuol eswerecom-
mon in cellsthat were exposed to CALE as evident
fromfigure 3. Lot of vacuolesin cytoplasm, shrunken
and broken nuclel and swollen mitochondriawerefound
incancer cellsthat undergo apoptosis. The cytoplasm
and cd| surfaceweredisorganized. Thenucle of CALE
treated cellswas distingui shable but wasfound to be
badly damaged (Figure 3 C & D). Chromatin was
clumped into solid masses, showingirreversbledegree
of diffusecytotoxicity, withlossof cdl viability. Com-
plete DNA fragmentation wasa so observed on treat-
ment which suggested apoptotic cell death.

DNA fragmentation assay

In the current study, MCF-7 cells treated with
CALE showed characteristic ladder of nucleosomal
oligomersat higher concentration with lower molecular
wel ght nucleosoma multimersappearing at lower con-
centration (Figure4A). Hep-2 cellson treatment ex-
hibited apoptotic ladder with small fragmentsof DNA
(Figure 4 B). Chromosomal DNA fragmentation at
internucleosoma sitesistheearliest oneof thenuclear
eventsand themost extensively studied biochemical
eventingpoptoss. Studies hasshown 180-200 bpfrag-
ments of DNA to occur, prior to cell death>* which
confirms DNA fragmentation in the current study. In
many cultured cell line, apoptosiscan bereadily trig-
gered by DNA-Damaging agents?? DNA fragmenta-
tionisagenera component of apoptosis. Thusthemost
common method to detect apoptosisisthe DNA gel
electrophoresis, inwhich DNA fragmentsare observed.
Mogt of theauthorshave reported that internucleosomal
DNA cleavage occursduring apoptosisinawidevari-
ety of cdllsand tissues®™.,

Cytostatic effectsof CALE

Figure 5 showsthelevelsof total protein, DNA
and RNA inMCF-7 and Hep-2 cdlIsafter treatment of
CALEfor 24 hours. Figure 5 ashowsthe significant
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Figure 1. Effectsof CALE on M CF-7 and Hep-2 cancerouscellsat 24 h incubation timealongwith HBL-100and Vero as
normal cell lines. Céll survival wasmeasured usingM TT assay and expressed as per centageof viablecellsof treated samples
tountreated control samples. Dataar er epr esented by mean + SD of two independent experiments each performed in tetrads.
IC,, valuewascalculated using linear regresson analysis.
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Figure2: Cdl viability of CAL E treated M CF-7 and Hep-2 cellscalculated by try pan bluedyeexclusion assay. Data represents
mean £ SD of two independent experiments each performed in tetrads.
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Figure3: Transmission electron micrographsof CALE treated M CF-7 and Hep-2 cells.
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Figure 4 : Agarose gel electrophoresisof MCF-7 (A) and
Hep-2 (B) cellsshowing DNA ladder sr eflecting the presence
of DNA fragmentson treatment with variousconcentrations
of CALEfor 24h.

reduction of total proteinlevelsin MCF-7 and Hep-2
cellswhen treated with CALE. Figure 5 b showsthe
levelsof DNA for CALE treated cellswith respect to
their untreated controls. Significant reductionintota
DNA content wasobserved for both thecells. Thismay
beduetothecytodtatic effect of CALE. Thetotad RNA
levelsof CALE treated MCF-7 and Hep-2 cellswere
found to bereduced at 24 hours (Figure 5c). The de-
creaseintotal RNA levelsissuggestiveof low cdllular
function which may be dueto static or gpoptotic stage
of cells. Thedecreased levelsof protein asobservedin
the CALE treated MCF-7 and Hep-2 cells could be
related to the decreasein DNA and RNA levels.

L actate dehydrogenaseactivity

Theinter conversion of pyruvatetolactateisregu-
lated by LDH, which has been found to be useful in
recognition of neoplastic disease. Even under aerobic
conitions, thetumour cdllsmaintain high glycolyticrate.
Thuseventually thesetumours produce high level s of
lactic acid®. In order to counteract the increased
amount of lacticacid, theactivity of LDH remainshigh
inthesetumour cdlls. It isthereforenot surprising that
the untreated MCF-7 and Hep-2 cells showed high
levelsof LDH activities(Figure6a& b).

LDH activity remainsasoneof theimportant marker
in ng cdll cytotoxicity!?®*, Thedecreasein LDH
activity wasreported in cancer cellsundergoing cyto-
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toxicity®3234, The decreased activity of LDH (Figure
6a& b), could probably berelated to theinhibition of
glycolyssinthe CALE treated MCF-7 and Hep-2 cdlls.
Itisestablished that glucoseinducesextensivedepriva:
tion apoptosisof cancer cellg*3. Thereduced glyco-
lytic activity would have been the reason for the de-
crease of LDH activity observed inthetreated cells.

Biochemical analysisof CALE treated MCF7 and
Hep-2 cells

Oxidative stressas aconsequence of ROS causes
damageto the cellular componentslikenucleic acids
and protein. Thereduction of DNA, RNA and protein
levesby CALE treatment could be dueto the produc-
tion of ROS. GSH isan important antioxidant, whichis
the substrate for GR. Thelevels of GSH in both the
cdlsreduced following CALE trestment (Figure7a) sug-
gestingit’sutilization either in scavenging freeradicd or
decreased synthes sof GSH resultingfromaninhibition
of protein synthesis. Asmitochondrialack the GSH
synthesizing enzymes, freeradi ca sgenerated promotes
mitochondria uptake of GSH and decreased export of
GSH from mitochondriato cytosol. The net efflux of
GSH isvery dow, whenlow level sof extramitochon-
dria glutathioneis consistent with amechanism that
conservesmitochondrid GSH at timesof cytosolic GSH
depl etion causing the swelling up of mitochondriaas
observed in TEM analysis of CALE treated MCF-7
and Hep-2 cdlls.

A decrease of GSH can produce peroxides and
influx of Ca?* and ultimately cause cell death™. Mito-
chondria impairment occurred asan early event inthe
process of gpoptosisinduced by GSH depletionin neu-
ronal cellg®. Sato et al.[# reported that increasein
reactive oxygen speciesor depletion of endogenousan-
tioxidant level promotescell desth. Hydrogen peroxide
and reactive oxygen intermediatesformed canact asa
metabolic signd by oxidizing specificthiol groupsand
trigger intracdllular eventsleading to apoptosis™. Thus
thereduction of GSH levelsin both cell types could be
connected toitsfreeradical scavenging activities. O,
radica s could have escaped from the mitochondriaby
diffusion and could haveresulted in the generation of
H.,O,. GPx catalyses the reduction of H,O, utilizing
GSH thereby producing GSSG. GSSG reduction to
GSH iscatalysed by the enzymeglutathionereductase.
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Figure5a: Total protein concentration
of MCF-7and Hep-2 cdlstreated with
400 and 500ug of CAL C respectively

Figure5b : Total concentration of M CF-
7 and Hep-2 cdllstreated with 400 and
500pg of CALE respectively for 24 h.

Figure5c: Total RNA concentration
of MCF-7 and Hep-2 cellstrated with
400 and 500ug of CAL E respectively
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Figure5: Thelevelsof DNA, RNA and total proteinin CALE treated M CF-7 and Hep-2 cells. Datar epresentsmean + SD of
threeindividual experimentsperformed intriplicateand resultswere satistically significant at p <0.5.
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Figure6: Thelevelsof LDH activity in CALE treated M CF-7 (a) and Hep-2 (b) cells. Datar epresentsmean = SD of three
individual experimentsperformedin triplicateand resultsweregtatigtically significant at p <0.5.
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Figure7: Thelevelsof GSH (A) and G, (b) activitiesin CALE treated M CF-7 (a) and Hep-2 (b) cells. Datar epresentsmean +
SD of threeindividual experimentsperformed intriplicateand resultswer e statistically significant at p <0.5.

Thismight bethereasonfor the decreasein activity of
glutathione reductase as observed in CALE treated
MCF-7 and Hep-2 cellswhen compared with the con-
trol (Figure7 b). Thustherespiratory stressthat was
encountered by thecell inresponseto CALE treatment
may bethereasonfor thereduced activity of glutathione
reductase.
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Mitochondrial enzymeactivities
Significantinhibition of Na'/K* AT Paseactivities
wasobservedin both cellson CALE treatment (Figure
84a). Therewasreductionin activitiesof Ca?* ATPase
inboth cdlswhentrested with CALE (Figure8b). Mg?*
ATPaseactivitiesal soremanedinhibited suggesting an
dterationinthehomeostasisof theseions (Figure8-c).
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Theseresultsare not surprising asthey may be dueto
themitochondrial membranedamage observed by TEM
in CALE treated MCF-7 and Hep-2 cells. Theinhibi-
tion of Na'/K* ATPase should haveresulted from the
depletion of ATPresulting in cytosolic acidification.
Thereforecytosolicrisein Ca*, Mg?*and Na" witha

25
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Sw 27
£y
2815
£3
5505
85"
E” 0
=

MCF-7 Hep-2

Figure8a: Levelsof Na*' /K*ATPasein MCF-7 & Hep-2 cells
treated with 400 and 500 pg of CAL E respectively for 24 h
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Figure8b: Levelsof Ca?* ATPasein MCF-7 & Hep-2 cells
treated with 400 and 500 pg of CAL E respectively for 24 h
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Figure8c: Levelsof Mg? ATPasein MCF-7 & Hep-2 cells
treated with 400 and 500 pg of CAL E respectively for 24 h

Figure8: Thelevelsof mitochondrial membranebound en-
zymeactivitiesin CALE treated M CF-7 and Hep-2 cdlls Data
representsmean + SD of three individual experiments per-
formedintriplicateand resultswerestatistically significant
atp<0.5.

concomitant decreaseof K*levelscould haveresulted.
Accumulation of GSSG can have dd eterious effectson
the confirmation activity of thiol containing enzymes.
Most of the AT Pases have —SH group on the active
ste. They may react with GSSG causing inactivation of
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theenzymes. Depletion of GSH would haveresultedin
raiseof the GSSG level sand concominant inhibition of
enzymeactivities.

Thusin conclusion, CALE brings about morpho-
logica and biologicd changesin breast and larynx can-
cer cellsthusmaking it offer asanew va uable candi-
date against these forms of cancers. The molecular
mechanisms and pathways of action need to be ex-
plored through further research however this study
bringsinlight to an unexplored new candidatethat could
befocused against cancer.
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