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ABSTRACT

Anthocyanins are natural pigments used as food additives and known for
its potent antioxidant and antiproliferative property. So this study aimsto
evaluate anthocyanin content, to analyse antioxidant activity and
antipropliferative from red sorghum bran. When acidified methanol was
used as a solvent for extraction maximum amount of anthocyanin was
obtained when compared with methanol alone as a solvent. On separation
by TLC and HPLC, the compounds were identified as apigenindin and
[uteolindin. The antioxidant activity was also found to be higher in red
sorgam bran. Anthocyanin from red sorgam bran also showed moderate
cytotoxic activity against HT 29 and HEP G2 cell lines. However, it isas-
sumed that the antioxidant and antiproliferative activity of the extract from
red sorgam bran was due to apigenindin and luteolindin. So the anthocya-
nins extracted from easily available red sorghum bran would be avaluable
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source for antioxidant and antiproliferative activity in food industry.
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INTRODUCTION

Anthocyaninsarebecomingincreasingly important
not only asfood colorants, but also as antioxidants.
Anthocyanins are reported to have some therapeutic
benefitsincluding vasoprotective and anti-inflanmeatory
properties, anti-cancer and chemoprotective proper-
ties, aswell as anti-neoplastic properties. Anthocya-
ninsaretherefore, cons dered to contribute significantly
to the beneficial effectsof consuming fruitsand veg-
etables. Thereisarising demand for natural sourcesof
food colorantswith nutraceutica benefitsand dterna
tive sourcesof natural anthocyaninsarebecomingin-
creasingly important.

Specidly sorghumscontainsignificant level sof an-
thocyanins and other phenols concentrated in their
brang®l. Black sorghum was reported to have signifi-
cantly more anthocyanin pigments than other sor-
ghumg®.. Therefore, thissorghum hasagood potential
for commercia exploitation. Anthocyaninshave been
extensvdy sudiedinfruitsand vegetables. Limited deta
existson thetypesand levelsof anthocyaninsin cere-
als, probably because they have never been regarded
asacommercially significant source. Nip and Burns
were able to isolate and identify apigeninidin,
goigeninidin-5-glucosde lutedlinidinand luteolinidin-5-
glucosideinred and white sorghum varieties by paper
chromatography.
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Sorghumgrainisanimportant staplefoodin devel-
oping countries of the semiarid tropicsandisused as
ananimal feedin both devel oped and devel oping coun-
trieswhere people depend on it asthe main source of
energy and proteinl. Besidestheantioxidant enzymes,
sorghum seedsare provided with antioxidant substances
that areableto scavenger radica products. These com-
poundsinclude lipid-soluble products, such astoco-
pherolsand, water-sol uble substances such as ascor-
bic acid and thiols. On the other hand, the chemical
componentsof thesorghumgrain cuticleareflavonoids,
anthocyanidinsand tanning®Y. Rey et al.** haveiden-
tified apigeninidin asamgor anthocyanidin presentin
sorghum. Regarding its physiological function,
apigeninidin showed ahigh fungicidal activity insor-
ghum¥, andit wasreported that gpigeninidin effectively
guenched ascorbyl radical and lipid radicals when
supplemented with doses up to 200 pg/ ml®,

Gousa so reported luteolinidinand gpigeninidin as
the mgj or anthocyanidinsfrom ablack sorghum vari-
ety. Cyanidin and pelargonidin wereaso reportedin
corn®, and sorghum. Themost common anthocyanins
in sorghum are the 3-deoxyanthocyaniding®¥, which
compriseluteolinidinand gpigeninidin. Theseanthocya
ninshaveasmal distributionin nature, and aredistinct
fromthemorewiddy distributed anthocyanidins. These
3-deoxyanthocyanidinswere reportedly very stablein
acidic solutionsrdtiveto theanthocyanidinscommonly
foundinfruitsand vegetables®l. Thelack of oxygenat
C-3isbdievedtoimprovether stability. These points
to the potential advantage of sorghum over fruitsand
vegetables asaviable commercial sourcefor antho-
cyanins. Toeffectively characterizeand quantify the sor-
ghum anthocyanins, itisimportant to extract theminan
efficient mannerinwhichther origind formispreserved
asmuch aspossible. Theefficiency of severa solvents
to extract anthocyanins and other phenolsfrom fruits,
vegetables??323% and cereals have been reported.
However, thereis no agreement on which solvent ex-
tractsanthocyanins better. The sol ventsthat stand out
asmost efficient are acidified methanol and aqueous
acetone (70%). Consequently thesetwo solventswere
compared inthisstudy in termsof their extracting po-
tentia onred sorghum anthocyanins.

Commercidly prepared grape (Mtisvinifera), bil-
berry (Vaccinium myrtillus L.), and chokeberry
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(Aronia meloncarpa E.), anthocyanin-rich extracts
(ARES) inhibited the growth of HT29 cells as com-
pared to nontumorigenic coloncells.

The objectivesof this study wereto assessthean-
thocyanin content, antioxidant potentia and cytotoxity
activity from bran of ared sorghum variety.

EXPERIMENTAL

Samples

Thebran of Sorghumbicolor (L.) red sorgamwere
collected from farmersfield in Tamil Nadu and was
stored at - 20° C.

Sampleextraction

Two extraction solvents 1% HCIl in methanol and
methanol were used for extraction procedureinvolved
the addition of 10 ml solventto 0.5 g samplein 50 ml
centrifuge tubesand shaking thesamplesfor 2h at low
speed inan orbit shaker (Neolab). Sampleswerethen
sored at -20 °C in the dark overnight to allow for maxi-
mum diffusion of phenolicsfrom the cellular matrix.
Sampleswerethen equilibrated to room temperature
and centrifuged at 7,000 g for 10 min and taken for
anaysis. Residueswererinsed with two additional 10
ml volumesof solvent with shaking for 5 min, centrifug-
ing at 7000 g for 10 min, and taken for analysis. The
three aliquots were mixed and stored at -20°C in the
dark until biochemica analyss.

Analytical procedures
Flavanoid confir mation test

A small amount of extracted samplewastreated
with ferric chloride and the resultswere observed for
thepresenceof flavanoid.

Total phenolicsassay

Tota phenolic compoundsin anthocyanin samples
were quantified using Folin-Ciocalteu’s method*®. 25
pl of Folin- Ciocalteau’s reagent (50%, v/v) was added
to 10 ul of extract. After 5 min incubation at room tem-
perature, 25 ul of 20 % (w/v) Sodium carbonate and
water were added to afinal volume of 200 ul. Blanks
were prepared by replacing the reagent by water to
correct for interfering compounds. After 30 min of in-
cubation, the absorbanceread at 760 nm using UV /

-
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V1S spectrophotometer (Genesysb).
Sability at variable pH

The stability of the compound wastested by treat-
ing about 1ml of samplewith 1ml of Sodium acetate at

pH 1.0 and Potassium chloride at pH 4.5. The colour
changewas observed®,

Deter mination of total anthocyanins

The pH differential method asreported by Ful eki
and Francig®¥, Guisti® and Wrol stad®! was used for
guantitative determination with minor modifications.
Each of two 0.2 ml diquotswasdiluted with 2.8 ml of
pH 1.0 buffer (125ml of 0.2N KCI, and 385ml of 0.2
N HCI) or pH 4.5 buffer (400 ml of 1 N sodium ac-
etate, 240ml of 1 N HCI, and 360 ml distilled water)
solutions, respectively. Theabsorbancewas measured
by scanning through aUV / VIS spectrophotometer
(Genesys5, Technical tradelinks pvt.Itd) between 210
750 nmranges. Total anthocyanin pigmentswere de-
termined from absorbancein pH 1.0 buffer, whilemo-
nomeric anthocyaninsweredetermined fromthediffer-
ences between absorbancein pH 1.0 and 4.5 buffers.
Extinction coefficientsfor anthocyanin sandardswere
determined using the formuladescribed by Fuleki and
Francig®. Thetotal Anthocyanin content and their ab-
sorbance maximawas determined by usngUV / VIS
spectrophotometer.

Chromatographic analyses

The sampleextractswere separated by thin-layer
chromatography (TLC) onsilicagd plates(Himedia).
Sampleswerespotted and ar dried. Separation of com-
pounds coul d be accomplished by spotting up to the
equivalent of 0.04 g sampleextract. The solvent sys-
tem wasthe upper phase of amixtureof ethyl acetate/
water/formic acid/HCI (85:8:6:1,vol/vol)®. Com-
poundswere detected under ultraviolet light (366 nm)
before and after exposing the plates to ammonia
fumes*® and by spraying the plateswith aqueous 2%
FeCl 1. Thesilicagel containingindividual bands of
compoundswas scraped from plates. Compoundswere
eluted from the gel withtheoriginal TLC solvent by
centrifugation (Biocana ytical Systems, West L afayette,
IN). The sampleswerethen reduced to dryness under
vacuum and resuspended in HPLC-grade methanol for
usein bioassaysand for compound identification. For
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further characterization some sampleswere spotted
again on silicagel TLC plates and the plates were
sprayed with 1% AICI, in ethanol®! and Benedict’s
reagent“dl,

HPL C analysis

For HPLC andysisof anthocyanins, separationwas
carried out on reverse phase C-18 column (Shimadzhu).
Solvent A waswater : Acetic acid : Methanol (8:1:1)
and Solvent Bwasmethanal : Aceticacid (9:1). Samples
(20 ul) were injected and eluted isocratically with 40%
solvent B at aflow rate of 1 ml min. Twenty micro
litersof crudeextract from sorghum mesocotyls (gen-
erous gift from Dr. R.L.Nicholson) was used asthe
phytoal exin standard. Compounds were detected at
480nm for the presence of 3- deoxy anthocyanidin.

Antioxidant properties

The antioxidant properties were analysed using
DPPH method. The DPPH isastablefreeradica with
an absorption band at 515 nm. It losesthisabsorption
when reduced by an antioxidant or afreeradical spe-
cies. The DPPH method iswidely used to determine
antiradica /antioxidant activity of purified phenoliccom-
pounds as well as natural plant extractg®2037:4353,
Bondet et al.,[” found that most phenolic antioxidants
react slowly with DPPH, reaching asteady statein 1-
6h or longer. Thissuggeststhat antioxidant activity us-
ing DPPH should be evaluated over time. Themethod
a s0 hasgood repeatability and isused frequently. Also,
color interference of DPPH with samplesthat contain
anthocyanins|eadsto underestimation of antioxidant
activity!2,

DPPH freeradical-scavenging assay

The extracted samplewere assayed for freeradi-
ca scavenging activity by the DPPH assay. The proce-
dure used is an adaptation of those previously de-
scribed®L¢, Ethanolic DPPH (400 mM) wasused in
thereaction mixture. Serid dilutionsof thetest sample
were combined with the DPPH solution. Methanol was
used as a negative control and ascorbic acid and a
tocopherol were used as positive controls. Thereac-
tion mixtureswereincubated for 30 min at 37°C and
the change in absorbance at 517 nm was measured.
Meanvaueswereobtaned from triplicate experiments.
Inhibition percent was % Inhibition = [(C - S/C)] x
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100 where Cisthenet absorbance of the control and S
isthe net absorbance of thesample. Percent inhibition
was plotted against concentration, and theequationfor
thelinewasusedto obtainthelC, value. Alower IC_
vaueindicatesgreater antioxidant activity.
In-vitro studies
Cytotoxicity screening

HT 29 cell line (Human Colon carcinoma) and
HepG2 (Human Liver carcinoma) were cultured in
McCoy’s 5A and DMEM (Dulbecco’s modified eagles
medium) medium respectively containing 10%fetd calf
serum, penicillin (100 U) and streptomycin (100 pg).
10ml of DMEM or McCoy’s 5A containing 10% serum
was added to the flask and pipetted to breakdown the
clumps of cells. Total cell count was taken using a
haemocytometer and cal cul ated thetota number of cells.
The medium was added according to the cell popula-
tion needed. Required amount of medium containingthe
required number of cells (0.5-1.0x10° cells/ml) was
transferred into bottlesaccording to thecell count and
the volume was made up with medium and required
amount of serum (10% growth mediumand 2% mainte-
nance medium) wasadded. Theflaskswereincubated
at 37°C and the cellswere periodically checked for any
morphologica changesand contamination. After thefor-
mation of monolayer, the cdlswerefurther utilized.

Determination of mitochondrial synthesis by
microculturetetrazolium (MTT) assay™

Thisisacolorimetric assay that reduction of yellow
3-(4,5—dimethylthiazol — 2 —yl)— 2,5 — dipheny] tet-
razolium bromide (M TT) by succinate dehydrogenase.
TheMTT entersinto the cellsand passesinto themito-
chondriawhereit isreduced to aninsoluble, coloured
(dark purple) formazan product. The cellswerethen
solubilised with an organic product (eg i sopropanol)
and solubilised formazan product ismeasured spectro-
photometrically. Thereductionof MTT leve intheas-
say canoccur only if thecellsareviable. Sotheviability
of thecellsindicatesthelevel of activity ismeasured
based ontheviability of thecdls. IntheMTT assay the
number of viable cellswasfound to be proportiona to
theextent of formazan production.

The percentage growth inhibition of thecell was
cd culated usingtheformulabe ow:

Natural Products

Mean OD of Individual Test Group
Mean OD of Control Group

% Growth
Inhibition

= 100-[ i|><100
Determination of total cell protein content by
sulphorhodamine B (SRB) assay

SRB assay isused to determinethetotal cell pro-
tein content. The principleisbased ontheability of the
protein protein dye sulforhodamine B to bind e ectro-
dtatically with basicaminacidsresiduesof the protein of
TCA fixed cells. Sincetheassay ispH dependent, un-
der mild acidic conditionsit bindsto protein and under
mild basic conditionsit can beextracted from cellsand
solubilized for measurements. Results of the SRB as-
say werelinear with cell number and cellular protein
measured at cellular densities. The SRB possesacolo-
rimetric end point andisnondestructiveand indefinitely
stable. Thispractica point and isnondestructiveand
indefinitely stable. Thesepractical advancesmakethe
SRB assay an appropriate and sensitive assay to de-
terminethetotal cell content of thecell lines. Colour
development in SRB assay israpid, stableand visible.
The devel oped colour can be measured over abroad
range of visiblewavelength in either aspectrophotom-
eter or a96 well plate reader. When TCA-fixed and
SRB stained samplesareair-dried, they can be stored
indefinitely without deterioration.

The percentage growthinhibition was cal cul ated
using theformulabel ow:

Mean OD of Individual Test Group
Mean OD of Control Group

% Growth
Inhibition

= 100—|: i|x100

RESULTSAND DISCUSSION

Anthocyanin extraction and quantification

The extraction of anthocyanin from red sorgam
bran was donein methanol and acidified methanol. A
Spectrum of the extracts, the peak inthevisiblere-
gion wasrecorded at 400 nm in Spectrophotometer
(Genesys 5), where asingle peak was observed in
methanol extract but in acidified methanol extract three
peaks were observed and the Absorbance was al so
highin acidified methanol extract (3.742) of sorgam
bran compared with methanol extract (0.085)(Figure
1). .9, Because Joseph et al., in 2004 have already
stated that the acidified methanol preservesthe ex-

-
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tracted anthocyaninsintheir original formforlong solvent system used inthisstudy for quantification and
duration sothat theacidified methanol ismost preffered  analysisof anthocyanins.

PLATE
-2 A . g B
\ _:
_ I%

A — Methanol extraction of Anthocyanin from husk of red
sorghum

C

C - Luteolinidin

a0m Wi

B — Acidified methanol extraction of Anthocyanin from husk of
red sorghum

Lrraa

D - Apigenindin

Figurel: Spectral characteristicsof peakscorresponding to methanol and acidified methanol extraction, luteolinidin and
apigeninidinisolated fromred sorghum bran by UV — Visible spectrophotometer.

Flavanoid confir mation test

Theanthocyaninwasextracted fromthered sorgam
bran using acidified methanol and methanol solvent ex-
tracts systems respectively, shows brown colour inthe
presence of flavanoid. Recent studies have shown that
many flavonoidsand rel ated polyphenol scontribute s g-
nificantly tothetotd antioxidant activity of many fruits
and vegetables.

Total phenolic assay

Thetotd content of phenolsinthemethanol extract
from the bran of red sorgam was 38 mg/ml and the
phenol content in acidified methanol extract was 97 mg/
ml (Figure 2). Seneet al., 2001 reported that nitro-

gen nutrition and environmenta factorsthat promote
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Figure2: Anthocyanin content from thebran of red sorghum

O methanol extract H
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growth and grain yield a so enhancesphenol synthesis
in sorghum. Polyphenols are used to represent
anti carcinogenic food componentsinahumandiet rich
infruitsand vegetables.

Sability at variablepH

The sample appeared red colored at pH 1.0 and
colour disappeared at apH 4.5. Theresultswerefound
to be same in both the solvents used for extraction.
Anthocyanin wasfound to be stablein low pH24,

Deter mination of total anthocyanins

Thetota content of Anthocyaninin methanol ex-
tract of red sorgam branwas98.59 mg/ L and 242.7
mg/ L inmethanol and acidified methanol extractsre-
spectively (Figure 2). Acidified methanol extract re-
sulted, insignificantly higher valuesfor thetota antho-
cyaninsthan methanol extract. Thetotal anthocyanins
extracted by acidified methanol extractswereon an
averageof 57% higher than themethanol extracts. Sev-
eral authorsreported that agueous acetone was better
than variousa coholic solventsfor fruit procyanidins,
anthocyaninsand other phenol §222, However, more
recently Lu and Foo (2001)™ observed significant
anthocyaninsinteraction with aqueous acetoneto form
pyrano-anthocyanidinsinggnificantly lowered quanti-
ties of detectable anthocyanins. However, sinceacidi-
fied methanol preservesthe extracted anthocyaninsin
their original form better, it should be the sol vent of
choicefor quantification and anaysisof anthocyanins.
Sorghum brans had on averagethreeto four timesthe
levelsof anthocyaninsingrains. Joseph et.al ., (2004)1
also reported that sorgam branswere agood source of
anthocyaninsas sorghum anthocyaninsarereadily con-
centrated by decortication. Thisimpliesthat acidified
methanol ismore powerful solvent than methanol for
extracting red sorgam anti oxidants. Bruneton, 2006
a so reported that methanol and acetone, andto alesser
extent water and ethanol and their mixturearefrequently
used for phenolic extraction.

Red sorghum brans were a very good source of
anthocyanins (1.9—4.8 mg/g) relative to the commer-
cia sourcescurrently available (0.2-10 mg/g). This
coupled with thefact that they possessmostly therela
tively stable 3-deoxyanthocyanidinsgivestheman edge
over thefruits and vegetables as a source of natural
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anthocyanins. The sorghum bran anthocyanin hasan
additiona advantageintermsof storagestability rela
tivetothefruitsand vegetables. Sorghumisharvested
at low moisture (13 — 15%) compared to fruits and
vegetableswhich normally have >80% moi sture and
requiresignificant timeand energy for dryingtoimprove
their storage stability. Because of thisthered sorghum
bran can beacompetitive source of anthocyaninsa so.

IMonomeric anthocyanins contributed an average
of 30-50% of'the anthocyanins in the sorghums. This
impliesthelarger part of sorghum anthocyaninsare po-
lymerized or complexed with other compoundsand are
not readlily separated by the extraction conditionsused.
Such complexed anthocyaninsusually have better color
stability in solution than their monomeric constitu-
ent§12,16,57] .

Compound identification

Separation of the methanol and acidified methanal
solubleextractsby silicagel in TLC demonstrated the
presence of several compounds. Six bandswerevisu-
dized after theseparationin TLC. These pigmentsrep-
resented by bands D and F were the most prominent
componentsof the extracts, and it wasthe compounds
associated with these bandsthat we attempted to iden-
tify. Pigments D and F wereeluted from silicagel and
subjected to acid hydrolysiswith2M HCI for upto 2
hr at 100°C. Hydrolysates were dried under vacuum
andtheres duewasdissolved in acidified methanol with
0.01%HCI. TLConsllicagd platesdemonstrated that
hydrolysisdid not affect the Rf, indicatingthat neither D
nor Fwasaglycoside. TLC of e uantsof bandsD and
Fwith solventsof ethyl acetate/water/formicacid/HCI
(85:8:6:1, vol/val, upper phase) and butanol/aceticacid/
water (6:1:2, vol/vol) indicated that only asingle com-
pound was present in each band. Fluorescence of com-
pound F but not compound D was quenched when
sprayed with Benedict’s reagent, indicating the pres-
ence of an ortho dihydroxylation“?, The Rf value of
apigeninjdinwasfound to be 0.76 and the band shows
orange— yellow and under UV light the band shows
orange. The Rf value of luteolinidin wasfound to be
0.19 and the band shows dark — rose and under UV
light theband showsdark red. Thesetwo anthocyanidins
(Iuteolinidinand apigeninidin) arestructuraly different
fromtherest of theanthocyanidinswhich arecommonly

A Tudéan Journal
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found in fruits and vegetables.The common
anthocyanidins lack an oxygen molecule at the C-3
position (Figure 3). But The 3-deoxya-
nthocyanidins,(luteolinidinand goigeninidin) had absorp-
tion maximumthat wereparticularly different fromthose
of theother anthocyanidins. Theabsorption maximum
of gpigeninidinis468 nm, and luteolinidinis482 nmin
pH 1 buffer solutionwhich dso exhibitsyelow and or-
angecolour, respectively. Thiswasin contrast with the
other anthocyanidinswhich wereall reddish at pH 1.
At near neutrd pH (in methanol), apigeninidin appeared
yellowish orangein colour, and luteolinidin appeared
reddish orangein colour. Therest of theanthocyanins
ranged from red to dark bluein color at neutral pH.
CompoundsA, D, E, and F exhibited yellow fluores-
cencewhen sprayed with acoholicAICI3, indicating
that these compoundswereflavonoids?Y.

Chemical structureof apigenidin

Figure 3 : Chemical structure of 3-deoxyanthocyanidins,
luteolinidin and apigeninidin.

Pigment D exhibited an asorption maximum of 480
nm and pigment F amaximum of 495-498 nminacidi-
fied methanol. Theseabsorption maximaand the shapes
of the spectra suggested that D and F were the 3-
deoxyanocyanidinsgpigeninidinand luteolinidin, respec-
tively2654, Compounds D and F exhibited the same
spectraand TLC mobilitiesas authentic apigeninidin
andluteolinidin. Also, they exhibited thesameretention
times asthe apigeninidin and luteolinidin standards
(26.43 min and 23.45 min, respectively) when sepa-
rated by HPL C on areversed-phase C18 column (Fig-
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ure4). Compound F exhibited abathochromic shift of
44-47 nminthe presence of AICl, whereas compound
D did not, which againindicated ortho dihydroxylation
incompound Fandthat D and Fwereapigeninidinand
leuteolinidin, respectively?9.

bm  ESRSAgr—=JR V., _i“’
The pigment complex was separated on silica gel (2.5mm) with
the upper phase of a mixture of ethyl acetate/water/formic acid/
HCI (85:8:6:1,vol/val).

*Bands D and F were composed mainly of apigeninidin and
luteolinidin, respectively. Other bands were not identified.
BandsA-E fluoresced, whereasband F wasadark red-absorbing
area.

A,B,C,E — other flavoinds

Figure4: Thin layer chromatography of the anthocyanin
extracted from bran of sorghum

Dependent upon thetimewhen samplesweretaken,
HPL C separations of extractsa so gavesevera minor
peaksindicating the presence of other pigmentsthat
absorbinthevisiblerangein additionto gpigeninidin
and luteolinidin (Figure4). Two of the compoundswere
identified asthe 3-deoxyanthocyanidinsgpigeninidin (1)
and luteolinidin (I1). Theserare anthocyanidinsdiffer
from the common anthocyanidinsbecausethey lack the
hydroxyl group at carbon-3 of the oxygen heterocyle
(C ring) of the flavonoid nucleus. In addition to
apigeninidin and luteolinidintherewere severd asyet
unidentified compoundsinthehusk of red sorgamwith
theaccumulation of apigeninidinand luteolinidin, sug-
gested that the other compounds were precursors of
apigeninidinand luteolinidin. Regardlessof their origin
or route of synthesisit isimportant to notethat com-
poundsA, B, C, and E a so showed fungitoxicity toH.
maydis and C. graminicola.*.

At neutrd pH, apigeninidin showsyellowish orange
and leuteolinidin showsreddish orange. The absorp-

——————, Natural Products
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tion maximum of apigeninidinin pH 1 wasfoundto be
468 nm and the col our wasye low. The absorption maxi-
mum of leuteolinidin wasfound to be 482 nm and the
colour wasorangeat pH 1. Theother compoundswere
redto dark blueat pH 1.

HPLC analysis

For HPLC analysisof 3 deoxy anthocyanins, sepa-
ration was carried out on reverse phase C-18 column
(Shimadzhu). Asastandard the extractsfrom sorgam
mesocotyl“*” were used. Only one compound was
seemed to present in both acidified methanol and
methanol extracts of sorgam bran and the compound
wasidentified asluteolinidin, based onther retention

rerryprerrrrrrprerearprrrrpetret
] 10 il n

Retension time { min)
Methanol extract

timeand spectral characteristicsrelativeto the stan-
dard compounds (Figure 5).

Marcelaet.al. (2003) reported the seeds of Sor-
ghum bicolor contain significantly high content of
Apigenindinand there by suggest that anintegrated an-
tioxidant systemistriggered during theearly stages of
sorghum seeds.

Thelack of oxygen on C-3 of the 3-deoxyanthocy-
anidinsisthought to givethem greater stability in solu-
tion compared to the other anthocya-niding®*7. For
example, Timberlakeand Bridle (1980)%" reported that
apigeninidinwas stablein pH 2.8 solutionfor upto 1
year at room temperature and laboratory light, whereas

20+

S
1725

L=
Le

[

T332
.

X80
ET A )
ZETT
EE
3535

L e o e B
i i
Retension time rmin
Acidified methanol extract

200 4

malJ
100+ 3

T ¥

Pl 30

Retension time (min)
Sandard

HPL C profile of anthocyanidin pigments from methanol and acidified methanol extracts, HPL C chromatogram at 480 nm with a
standard extractsfrom sorgam mesocotyl“?. Solvent A waswater: Acetic acid: M ethanol (8:1:1) and Solvent B was methanol: Acetic
acid (9:1). Samples (20 ul) were injected and eluted isocratically with 40% solvent B at a flow rate of 1 ml min. In the standard two
peaks was identified and the compound (1 and 3) was identified as luteolinidin and apigeninidin. In the methanol and acidified
methanol extracts only one compound was identified as luteolinidin, based on their retention time and spectral characteristics

relative to the standard compounds.

Figure5: HPLC profileof anthocyanin extracted from red sorghum bran.
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cyanidindegraded withinafew hoursunder smilar con-
ditions. Hencethe 3-deoxyanthocyanidins may havean
advantage over the other anthocyanidinsinfood appli-
cations. Among the anthocyanin standards used, only
the 3-deoxyanthocyanidins (apigeninidin and
luteolinidin) wereidentifiedin acidified methanol extract
from sorghum (Figure 3).

Antioxidant properties

Theantioxidant activitiesof thesampleextractedin
acidified methanol and methanol were compared
(TABLE 1). Samplesextracted in acidified methanol
had significantly higher antioxidant activity than those
extracted in methanol. So, the sorgam brans can be
used as a high value source at very lower quantities
than other cereal brans as an alternative and can be
used to providehigher antioxidant activity in products.
Red sorgam branimpartsanatural dark red appealing
color normally associated with ‘healthy’ baked goods,
and was shown to produce acceptable qual ity bread®
and cookies at levelsof up to 15% and 50%, respec-
tively in black sorgam brans. It was a so reported that
polyphenoalic compounds, flavonoidshavetheability to
act asantioxidantsby afreeradica scavenging mecha
nism, since the sorghum bran had no condensed
tanni nS.[13'28‘29’4O] .

TABLE 1: Anthocyanin levelsin bran of red sorghum brans
extracted with methanol and acidified methanol

Acidified
S Parameters Methanol M ethanol
No extraction .
Extraction
1. Total content (mg/ml) 38 97
2. Anthocyanin (mg/L) 98.59 242.7
3. Stability at variable pH 20 59
4 Antioxidant properties 0.09 0.2015

(DPPH) pg/ml

Phenolic compounds arethe principa antioxidant
constituentsof natural products and are composed of
phenolic acidsand flavonoids, which arepotent radica
terminators acting by donating hydrogen radical §%9.
Afaq et.al., 1991 reported that flavoids are well -
known anti oxidantsand freeradica scanvengers. High
potentia of polyphenolsto scavengefreeradiasmay
be because of their many phenolic hydroxyl groups.
Similarly inour resultsthe high antioxidant activity was
duethe presence of high phenol content. Fratianni et.al.

—=> [ul| Paper

(2007)1*" found that apigenindin havediverse pharma:
cological activitiesand has demonstrated antioxidant
and anticarcinogenic properties. In addition, Rgj &
shalini, 1999 and Badami et. al., 2003 also reported
alarge number of flavanoidsincluding apigenin and
|uteolin areknown to possess strong antioxidant prop-
erties.

Phenolic compound playsamajor rolein antioxi-
dant activity. Potterat 19971 reported that natural an-
tioxidant phenolic compound in Sechiumedulewith
better performancethan BHT, known asavery effi-
cient synthetic antioxidant agent and widely usedin
Food Technol ogy.

Ordonez et.al., 2003“? reported that the qualita-
tiveand quantitative anaysisof phenolic compoundsin
active, extractsshowed the presenceof flavanoids, fla-
vonol, and the chemical composition responsiblefor
theantioxidant effects.

Thesorgamgrainsand branshad sgnificantly higher
phenolsand antioxidant activity than other cered brans
likewhest, barley, buck whest and rice, among others,
arepromoted asgood source of antioxidants*>27, Such
bransare soldinthemarket for usein fortified baked
products. Black sorghum bran offersamajor advan-
tageintermsof antioxidant vaue per unit weight. The
sorghum bran can be used as a high val ue source of
antioxidantsat lower quantitiesthan other ceredl brans,
or used at Smilar quantitiesto provide higher antioxi-
dant activitiesin products. Anthocyanin content of sor-
ghum bransarefound to be closely related to antho-
cyaninfromfruitsand vegetables.

Anti proliferative assays

Cancer cdlsusually exist under heavy oxidative
stress state, Shinkai et.al., (1986)™ have explained
that heavy oxidative stresses haveinduced mutationin
thecancer cdlls, because of thisthesurvival potentia of
the cancer cdllsisincreased. Mildlevelsof Reactive
Oxygen Species (ROS) in food have been shown to
induceproliferationin cancer cdlg*, Therefore, foods
richinantioxidant phytochemica sareimportant for the
prevention of diseasesrelated to oxidative stresssuch
asheart diseaseand cancer. Inthisstudy our mainaim
istoidentify the potentia of anthocyanin extractionfrom
red sorgam for itsanticancer property against cancer
cdl lines. Thisproperty isevauated throughinvestiga:
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tionsonantioxidantsand viablecd | count. Thecytotoxity
assayswere carried out on two human tumor cell lines
namely, HT 29 (Human Colon Carcinomacell line)
derived from Human intestinal epithelial cells and
HEPG2 (Human Hepatocel lular Liver Carcinomacell
line) derived from Hepatocytes.

Determination of CTC_ by usngMTT and SRB
assay inHT 29 and HEPG2 cell cultures

MTT assay

Cytotoxicity was determined using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT, Sigma) assay reported by Mosmann
(1983)=1, MTT andysishas been developed for evalu-
ating cell-mediated cytotoxicity. The assay was per-
formedin HT29 and HEP G2 and reduction of yellow
tetrazolium salt to apurpleintracellular formazan by
activemitochondria, was spectrophotometrically de-
tected. The MTT cell-viability assay produced a
dosedependent effect on HT29 and HEP G2 cell lines
at 72 h. These absorbance values were converted to
percentage cell viability using theformulapercentage
growthinhibition. The cdlswere preincubated with dif-
ferent concentration of anthocyanin from red sorgam
bran using methanol asasolvent (TABLE 2).

TABLE 2: Determination of CTC, by usngMTT and SRB
assay inHT 29and HEPG2 cdll cultures

c i ati CTC xin
Extract c;gc(en g/rill)cmA%/mL

" MTT SRB
500
g 125
500

Methanol extract of red 250 308 374
sorgam on HEP G2 125

Theresultsare expressed asthe percentage of vi-
ablecdllswith respect tothecontrol. The CTC 50 value
was calculated as 384 (ug/ml) in HT 29 and 360 (ng/
ml) inHEP G2 cdll-lines. It hasbeenreported that dif-
ferent methodsoftenyield considerably different vaues
of cytotoxicity. BecausetheMTT assay isbased onthe
hydrolysisof MTT by mitochondria dehydrogenases
of living cellsresulting inthe production of highly colo-
rimetric blueformazan’®!.

Sulphorhodamine (SRB) cytotoxicity assay
SRB analysis has been performed according to
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Mitry et al. (2000), thisassay ismainly to determine
cdl surviva usng HT29 and HEP G2. The cdll-medi-
ated cytotoxicity assay was performed in HT29 and
HEPG2 cell linesat 72 hin adosedependent manner.
These absorbanceswere converted to percent cell vi-
ability. These absorbance values were converted to
percent cell viability using theformulapercentagegrowth
inhibition. The cellswere preincubated with different
concentration of anthocyaninfromred sorgambranusing
methanol asasolvent (TABLE 2).

Theresultsare expressed asthe percentage of vi-
ablecdlswith respect tothecontrol. TheCTC 50vaue
was calculated as398 (ug/ml) in HT 29 and 374 (ug/
ml) inHEP G2 cdll-lines.

TheMTT and SRB andysisof anthocyanin extracts
showed amoderate effect when subjected to HT 29
and HEP G2 cédll line. Tholeet.al., 2006 reported that
the anticancer bioactivity of berriesespecialy against
theinitiation and promotion stages of carcinogenesis
contai ning phenolslike proanthocyanidinsand querce-
tin. So, theanthocyanin extractsfrom red sorgam bran
can beused effectively at theinitia stagesand promo-
tion stagesof carcinogeness.

A very large number of plant extracts have been
screened for cytotoxic effects against cancer cell lines
over thelast twenty-fiveyearsand haveresulted in some
significant drugsbeingintroduced, paclitaxel probably
taking prideof place. In addition, thetraditional use of
aconsiderable number of plantsfor cancer hasbeen
justified to someextent by thefindingsthat haveshown
that their extractsarecytotoxic, especiadlyif selectivity
iIsdemonstrated, either between different cancer cell
lines or between cancer and non-cancer cdll lines.

Commercidly prepared anthocyanin-rich extracts
(AREs) from grape (Vitis vinifera), bilberry
(Vaccinium myrtillus L.), and chokeberry (Aronia
meloncarpa E.), haveinhibited the growth of HT29
cdlsascompared to nontumorigenic colon cells. Thus
thereistheneed to find anew and effective curative
method for hepatocellular and colon cellular cancer
treatment. Besidesin our studiesit was confirmed by
HPLC and TLC analysisthat the anthocyanin extract
containsapigenindinandleutolindininin higher concen-
tration. Frantianni et.al., 20071*" found that gpigenindin
have diverse pharmacol ogical activitiesand hasdem-
onstrated anti oxidant and anticarcinogenic properties.
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o, thepurified gpigenindinand leutolindininmay givea
good result for cytotoxity assay. Theantiproliferative
activitiesof commonly consumed, pigmented fruitssuch
asgrapes, raspberries, cranberriesor strawberriesand
vegetableswerereported to have potent inhibitory ef-
fectsonHepG2 cdl proliferation.

The present study demonstrated that anthocyanin
inhibitsthegrowth of HT 29 colon cancer /HEPG2in
aconcentration dependent manner. Maximum cytotoxity
was observed at the concentration of 500 pg/ml after
72 htreatment. In concordance with our resultsapre-
viousreport by showed the sametypeof inhibitory ef-
fect after a72 htreatment.

Ferguston et.al., 20048 reported that flavanoid
rich extracts from cranberry showed invitro
antiproliferativeactivity against HT 29,SW 620 colon
cancer cell lines and also implicated that pro
anthocyanidin contributing for thisactivity. Smililaryin
our studiesit was confirmed that red sorghum branis
asoaflavonidrich source, sothecytotoxic activity may
beduetotheflavanoid.

In our studies, it is showed that the presence of
phenol in the red sorghum bran extract, which also
showed antiproliferativeeffectsagaing cancer cel lines
Polyphenol sare used to represent anti carcinogenic food
components in a human diet rich in fruits and veg-
etabledd. Thisindicatesthat anthocyaninswererapidly
absorbed by cellsand contributed to the cellular anti-
oxidant defenses.

Anthocyanin conggsof gpigenindinand leuteolindin
isaphenolic compound that moves into the cytosol
through the plasmamembrane. Thisphenolic compound
inhibits carcinogensis, and has been demonstrated to
inhibit the proliferation of Human cancer cdl lines.

Maria Claudia et. al., 2004 reported that an-
thocyaninsare promising substancesfor reducing can-
cer risk because of their antiproliferative potentia and
their gpoptoticeffectsspecificaly in cancer cdls. How-
ever, pre-clinical studies using appropriatein vivo ani-
mal modelsaswell as carefully designed pharmacoki-
netics studiesare needed before clinical testing of an-
thocyanins as cancer preventive or therapeuticagents.

It was confirmed that the red sorgam bran contains
apigenindin and leuteolindin in the extracts, so the
cytotoxity may beduethe presence of both of thiscom-
poundsin the extracts. But, Weiqun et.al., 2004 re-
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ported that apigenindin hasbeen shown to induce G2/
M cdll —cycle arrest in human colon cancer cell lines.
In their study they also assessed seven selected
apigenindinanaogsincludingleuteolidin, oncdl cycle,
cell number and cell viability in human SW 480 and
Calco-2 colonic carcinoma cells was shown to have
higher activity.

It wasreported that apigenindin exhibited asignifi-
cant growth inhibition against human haptomacells
namey Hep G2, Hep 3B cdl linesbut not inthenormal
murinelive BNLCL 2 cells. And they a so further in-
vestigated that the cellular mechanism of apigenin effect
onHep G2 cdl death. It was shown that the apoptosi's
induced apigenindinin Hep G2 cdllswas possibly me-
diated through the P53 dependent pathway and thein-
duction of P21 expression, which was probably asso-
ciated withthecell cyclearrestin G2/M phase.

In summary, the datas we reported, have clearly
indi cated that the anthocyanin from red sorgam bran
can exert significant modul atory effectson cdll prolif-
eration, cytotoxicity and oxidativereactionsincellular
systems.

CONCLUSION

In conclusion, red sorghum branswereavery good
source of anthocyanins (1.9 4.8 mg/g) compared to
other anthocyanin sourcescurrently available. Thebran
of red sorghum anthocyaninswere composed largely
of the3-deoxyanthocyanidins,(gpigenindin & luteolindin)
which are more stabl e than the anthocyanins mostly
found infruitsand vegetabl es used currently as com-
mercial sourcesof anthocyanins.

Thequantitiesof anthocyaninfrom red sorghumbran
can be considered asacompetitivenatural food color-
ing agent. The antioxidant activity of the sorghum an-
thocyaninswere similar to those of the anthocyanins
found infruitsand vegetables, hence they may offer
similar health benefits. Thered sorghum bransare su-
perior to other cered bransasasource of antioxidants.
Anthocyaninsfrom red sorgam bran alsoinhibit the
growthof HT 29 and HEP G2 cell linesinaconcentra
tion dependent manner. They may providemorehedth
benefitswhen used in cereal based foodsthan the cur-
rent commercia brans. Theresults obtained have sup-
ported the efficacy of natural phenolicsfrom red sor-
ghum bran offering protection against oxidative stress
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and cytotoxity effectsand highlighted thefact that phe-
nolic-rich processed foodsmay provide hed th benefits.
Thismay bethefirst report of anthocyaninsfrom red
sorghum bran, which acts asasource of anthocyanin
with antioxidant and anticancer properties.

A general recommendation to thepublicistoin-
creasetheintakeof foodsrichin antioxidant compounds
duetotheir well known hedlthy effects. ROShavebeen
associated with carcinogenesis, coronary heart disease
and many other health issues related to advancing
age[ss,ss]_
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