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Abstract

The aim of the present study was to investigateptfagective effect of Withaferin-A on red blood Icel
integrity during 7,12-dimethylbenz[a]lanthracene (BA) induced oral carcinogenesis. The protectiveecffof
Withaferin-A was assessed by measuring the stdtgtyooconjugates, membrane bound enzyme activity reed
blood cell osmotic fragility. Oral squamous celll@aoma was induced in the buccal pouch of Syriatden
hamsters by painting with 0.5% DMBA in liquid pdiafthrice a week for 14 weeks. The levels of glyaojugates,
membrane bound enzyme activity, osmotic fragilityd ahiobarbituric acid reactive substances (TBAR®Ye
analyzed by using specific colorimetric methods. deerved 100% tumor formation in DMBA painted hters
Increase in plasma glycoconjugates at the expeiga dlood cell membrane glycoconjugates levelsevadserved
in DMBA painted hamsters as compared to controldtars. Erythrocytes from DMBA painted hamsters weoge
fragile than those from control hamsters. The égtiof membrane bound enzyme (N&" ATPase) decreased
whereas TBARS level was increased in DMBA paintemsters as compared to control hamsters. Oral
administration of Withaferin-A at a dose of 20mg*Kgw significantly prevented the tumor formationvasll as
normalized the biochemical variables in DMBA pathteamsters. Our results thus demonstrate the pineexffect
of Withaferin-A on red blood cell integrity durirgMBA induced oral carcinogenesis.
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Abbreviations: DMBA - 7,12-dimethylbenz[a]anthracenEBARS — thiobarbituric acid reactive substances

Introduction

Carcinogenesis is a multi-step process involvingesd mutations, each of which results in discrete
changes in the cellular metabolism (Ranajit, 20@¥al squamous cell carcinoma is predominantlyseake of
human population in the fifth to eighth decadedifef The incidence and mortality rate of oral cangary widely
across the world. However, the higher incidencesraf cancer are reported every year from devefppountries,
particularly from India (Moore et al., 2000). Epidielogical studies have shown that chewing of bgteétl with
tobacco is the major etiological factor of oral@aogenesis in India (Gupta and Nandakumar; 1999).

The importance of tumor markers for the detectibmalignancies and its prognosis has prompted the
investigation of the possible biochemical markdrseveral malignancies. DMBA-induced experimentall gancer
is the most widely-accepted experimental modelstadying chemoprevention of oral cancer, sinceag several
morphological and histological similarities withrhan oral carcinoma (Miyata et al., 2001; Shkla@9)9
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Neoplastic transformation of a variety of cell tgpes associated with changes in the composition of
membrane glycoproteins (Dwivedi et al., 1990). @Gjymteins are complex proteins in which carbohytradre
linked covalently to asparagine or serine or thre@mesidues of polypeptides. The cell surface gpyoteins have
been shown to play an important role in pinocytodifferentiation, tumorigenesis, intracellular egaition and
adhesion, as receptors for many hormones and siraed as mediators of immunological specificity.mou-
associated carbohydrate changes have also beenimugbé diagnosis of human cancers (Dabelsteen6)199
Measurement of serum glycoconjugates is usefulhi diagnosis of patients with oral pre-cancer amcea
(Manoharan et al, 2004).

Sialic acid, a group of acylated neuraminic acidyp a major role in the antigenic characterizatdn
cells. They are widely distributed in nature asmieal sugars on oligosaccharides attached to prageilipid
moieties. Sialic acid molecules can potentiallyiliithintermolecular and intercellular interactiog birtue of their
negative charge. Serum sialic acid levels have lsed as laboratory markers in cancers (Goodaral, €2005;
Sebzda et al, 2006). It has also been demonstthtdédnetastatic potential of tumor cells is projporal to cell
surface sialylation (Varki, 1997). Marked elevatioihserum sialic acid concentrations with variolisical stages
of a disease has been documented in several matigsaincluding oral cancer (Manoharan et al., 2608
Aranganathan et al., 2005). Serum fucose, a tefmigretose sugar of the glycoprotein chains, isadatde in the
blood of both normal persons and persons with wffetypes of malignancies. Profound studies hénava an
increased serum fucose level in a wide spectrumadignancies (Vasanthi et al, 1998 ; Rao et aB81&screvente
et al., 2006). Fucose and mannose are the mosttedseigars when it comes to slowing the growtlearicer cells
(Rao et al., 1998).

Na'/K*-ATPase is ubiquitously distributed throughout sedif higher organisms and its importance is
highlighted by the fact it represents the only naetism for Naextrusion in mammalian cells. The W& -ATPase
(Na'/K*-pump) maintains the electro-chemical gradientsNaf and K by catalyzing the transfer of three
intracellular N& ions in exchange for two extracellulaf iéns per molecule of ATP hydrolyzed (Thirunavukigra
and Sakthisekaran, 2003). The activities of readdloell membrane bound enzymes are affected delenpted
membrane lipid peroxidation and during alteratiamsblood red cell osmotic fragility (Rauchova et, @995;
Rajalingam et al, 2008).

Withania somnifera (Solanaceae), a shrub commonly found on the Inslidazontinent, has been used for
centuries as a traditional medicine for various Aomailments. Experimental studies have reporteti\Whthania
somnifera have antitumor and immunomodulatory activities iBaand Kuttan, 2001; Davis and Kuttan, 2000).
Withaferin-A, a highly oxygenated steroidal lactpieethe principal withanolide in Indiawithania somnifera and
its related Solanaceae species. Diverse pharmacalogctivities reported for Withaferin-A includeanti-
inflammatory, antitumor and antioxidant propertibarada et al., 1996; Bhattacharya et al., 199W%.structure of
Withaferin-A is given in Figure 1.

To the best of our knowledge, we have found nongifie reports on the protective effect of WithafeA
on red blood cell integrity during 7,12-dimethylzésdanthracene induced hamster buccal pouch cayemesis.
The present study thus investigated the protedffect of Withferin-A on red blood cell integrityudng DMBA
induced oral carcinogenesis.

Materials and Methods
Animals

Male golden Syrian hamsters 8-10 weeks old weigBidxg.20g was purchased from National Institute of
Nutrition, Hyderabad, India and was maintained enttal Animal House, Rajah Muthaiah Medical College
Hospital, Annamalai University. The hamsters weoaided five in a polypropylene cage and provideddsed
pellet diet and watead libitum. The hamsters were maintained under controlledlifons of temperature and
humidity with a 12 h light/dark cycle. The hamstersre maintained as per the principles and guidsliof the
ethical committee for animal care of Annamalai Wmsity in accordance with Indian National Law orinaal care
and use.

Chemicals

The carcinogen, DMBA, was obtained from Sigma-AdrChemical Pvt. Ltd., Bangalore India. All other
chemicals used were of analytical grade.
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Isolation of Withaferin-A from Withania somnifera root

Withaferin-A (WA) was extracted and isolated frormmimercially availableWithania somnifera root
powder by the method of Subramanian and Sethi (198% crude extract was prepared with 95% ethandl
further fractionation was carried out using petuoteether, ether and chloroform, in that order. Efteer and
chloroform fractions were subjected to column chamgraphy (neutral alumina) and thin layer chromeiphy
(silica gel). The final product, Wihaferin-A, a st&lal lactone (8, 27 dihydroxy-1-oxo-B, 6@, epoxy witha 2-24
dienolide) obtained as a creamy white crystallimgssance, has Rf = 0.4 and molecular weight 47@. id@antity of
isolated Withaferin-A was done by Mass spectra iddentity was confirmed by comparing with thettantic
Withaferin-A, purchased from Calbiochem, Darmst&ittymany. The yield and purity of the isolated \&ftrin-A
was found to be 0.11% and >90% respectively. Fgreemental studies, the obtained Withaferin-A isstfi
dissolved in a few drops of absolute ethanol fo#dvby dilution with 30% polyethylene glycol-400 (B£00) in
phosphate-buffered saline (PBS).

Experimental design

The experimental design (Proposal No. 357 dated®.1012006) was approved by the Annamalai
University animal ethical committee (Register numbd60/1999/CPCSFA), Annamalai University,
Annamalainagar. A total number of 40 hamsters wanglomized into four groups of 10 hamsters eacbufsil
hamsters were served as control and were paintddiguid paraffin alone thrice a week for 14 weekstheir left
buccal pouches. Groups 2 and 3 hamsters were gaiite 0.5% DMBA in liquid paraffin thrice a weelorf 14
weeks on their left buccal pouches. DMBA paintimghiamster’'s buccal pouches was done by using nudber
painting brush, which leaves approximately 0.4mgHEMon hamster buccal pouch in each application IBhk
1999). Group 2 hamsters received no other treatn®@oup 3 hamsters were orally administered Withiaf& at a
dose of 20mg/kg bw, starting one week before thmosure to the carcinogen and continued on daysnate to
DMBA painting, until the sacrification of the harmast. Group 4 hamsters received oral administratibn
Withaferin-A alone throughout the experimental pdriThe experiment was terminated at the end afiédéks and
all hamsters were sacrificed by cervical dislogatio

Biochemical analysis

Biochemical studies were conducted on plasma ayithrecyte membrane of control and experimental
hamsters in each group. Blood samples were coflertt® heparinized tubes. The plasma was sepatayed
centrifugation at 3000rpm for 15 mins. After plassgparation, the erythrocyte membrane was prepayeitie
method of Dodge et al(1968) modified by Quist (1980). Lipid peroxidati@s evidenced by the formation of
thiobarbutiric acid reactive substances (TBARSgligthrocyte membrane was estimated by the methdbaohan
(1950). The precipitate obtained after treating gtesma with 95% ethanol was used for the estimatioprotein
bound hexose and hexosamine. Similarly, the pretgbbtained after treating the erythrocyte memsavith 1%
phosphotungstic acid followed by 5% TCA was usedtlie estimation of protein found hexose and hexasa.
The protein bound hexose, hexosamine, total sadid and fucose were estimated by the methods ebesi ,
1972), Wagner (1979), Warren (1959) and Dische Simettles (1948) respectively. Plasma lipid bourdicsiacid
level was determined by the method of Katopodis 8tmtk (1980). Osmotic fragility was determined the
method of Parpart et gl1946) and mean corpuscular fragility was calculdig recording the saline concentration,
which would have resulted in 50% haemolysis.

Statistical Analysis

The data are expressed as meaBD. Statistical comparisons were performed by @ag-analysis of
variance (ANOVA), followed by Duncan’s Multiple Rge Test (DMRT). The results were considered stediby
significant if the p values were less than 0.05.

Results

The levels of protein bound hexose, hexosamin@] galic acid, lipid bound sialic acid and fucdse
plasma of control and experimental hamsters in gaghp is shown in Table 1. The levels of plasnagin bound
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Table 1: Protein bound hexose, hexosamine, total sialic, dipid bound sialic acid and fucose in plasmaaftcol
and experimental hamsters in each group (n=10)

Parameters . Protein bound e . Lipid bound
Protein bound . Total Sialic acid e )
----------------- hexose (mg/dL) hexosamine (mg/dL) sialic acid Fucose (mg/dL)
Groups (mg/dL) (mg/dL)
Group | £ G a a a
Control 92.10+ 8.2 78.24+ 6.1 50.14+ 4.10 14.18+ 1.20 9.38+ 0.52
GrOUp I 8b b b b d)
DMBA 135.3& 14.6 110.82+ 9.26 79.40+ 6.28 32.24+ 2.72 18.23+ 1.1
Group 1l
DMBA + 100.34+ 7.65° 85.26+ 7.05° 54.85+ 5.28° 16.25+ 2.20° 10.26+ 0.92°
Withaferin-A
Group IV
Withaferin-A 90.12+ 9.3C° 77.53+ 7.68 49.43+ 3.86' 13.44+ 0.98 9.30% 0.65'

Values are expressed as meadD.
Values not sharing a common superscript signiflyatiffer at P<0.05 (DMRT).

Table 2: Protein bound hexose, hexosamine, total sialic &igls in erythrocyte membranes of control and
experimental hamsters in each group (n=10)

Parameters Protein bound hexose Protein bound hexosamine Total Sialic acid
Groups (Hg/mgprotein) (Mg/mgprotein) (ng/mgprotein)
Group | .
Control 132.85+ 10.68 87.42+ 6.83 36.56+ 3.471
Groupll b b .
DMBA 97.20+ 7.87 65.27+ 5.94 24.18+ 2.62
Grouplll
DMBA + 122.68+ 9.74° 79.66% 7.67° 32.67+ 3.22°

Withaferin-A
GrouplV

Values are expressed as me&D.
Values not sharing a common superscript Bagmitly differ at P<0.05 (DMRT)
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Figure 1: Structure of Withaferin-A

Table 3: TBARS content and activity of Ne&K* ATPase, in erythrocyte membrane and Mean corpustnalgility
of control and experiments hamsters in each groef).

Erythrocyte membrane TBARS (n
Parameters moles/mg protein)

----------------- Na*-K* ATPase (U'/mg Mean corpuscular
Groups protein) fragility*
Group | 0.40 £ 0.02
Control 0.34+ 0.07 1.08+ 0.0
Group I 1.10+0.12
DMBA 0.76+ 0.08 0.64 +0.08

Group I 0.42+ 0.09

DMBA + 0.97+0.09 0.48 +£0.04
Withaferin-A

Group IV 0.32+0.08
Withaferin-A 1.05+ 0.07 0.39 £0.02

A - n mole of inorganic phosphorus liberated/hdalues are expressed as meadD.
Values not sharing a common superscript significantly differ at P<0.05 (DMRT). *Concentration of NaCl
solution (g %) at 50% hemolysis.
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Figure 2: Osmotic fragility curve of control and experimental hamsters in each group. The degree of haemolysis
was calculated by comparing with 0.1% NacCl solutidrich represented 100% lysis.

hexose, hexosamine, total sialic acid, lipid bowmlic acid and fucose were significantly increasedumor
bearing hamsters as compared to control hamsteat a@ministration of Withaferin-A at a dose of 2@/kg body
weight to DMBA painted harmsters brought back theels to near normal range. Hamsters treated withaférin-
A alone showed no significant difference in protbound hexose, hexosamine, total sialic acid, Igpdnd sialic
acid and fucose levels as compared to control leasist

The levels of protein bound hexose, hexosamine tatiadi sialic acid, in erythrocyte membrane of coht
and experimental hamsters in each group is showlite 2. The levels of protein bound hexose, haxise, and
total sialic acid were significantly decreased igtlerocyte membranes of tumor bearing hamstersoagpared to
control hamsters. Oral administration of Withafefinat a dose of 20 mg/kg body weight to DMBA paihte
harmsters brought back the status to near nornmgeraHamsters treated with Withaferin-A alone shbwe
significant difference in protein bound hexose, dsamine, and total sialic acid levels as compacedontrol
hamsters.

The levels of erythrocyte membrane TBARS, actigfymembrane bound Nig*-ATPase and red blood
cell mean corpuscular fragility in control and esipeental hamsters in each group are shown in T&bleThe
activity of membrane bound R&*-ATPase was significantly decreased whereas TBABR®I$ and mean
corpuscular fragility were increased in red bloedl of tumor bearing hamsters as compared to cbhamsters.
The activity of NaK*-ATPase, TBARS and mean corpuscular fragility levekre brought back to near normal
range in DMBA-painted hamsters treated with Withiafé\. No significant difference was observed imisters
treated with Withaferin-A alone and control hamster

Osmotic fragility curves for control and experimenhamsters in each group are shown in Figure 2. Th
fragility curve of DMBA painted hamsters was shifteo the right for control hamsters. Treatment d¥IEA
painted hamsters with Withaferin-A shifted the @ute the left of tumor bearing hamsters. Mean cseplar
fragility values did not differ significantly in Imasters treated with Withaferin-Alone as compared to control
hamsters.
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Discussion

Cell surface glycoproteins and glycolipids of tunoetls have altered carbohydrate composition they m
contribute to aberrant cell-cell recognition, aaillhesion, antigenicity and invasiveness charatiterisf malignant
cells (Dabelsteen, 1996). Cell surface glycosyldess play an important role in regulating cell lfepation and
epithelial growth (Aranganathan et al., 2005).Ha present study, increased levels of plasma gtygagates at the
expense of erythrocyte membranes were noticed sa ilo epithelial cell surface carbohydrate durirngegimental
oral carcinogenesis has been reported (Dabelsi€€§). The depletion of erythrocyte membrane glyotgins
seen in the present study may be due to increasgdhtion or decreased synthesis or as a resuitiased
shedding into circulation. Increase in plasma gtgegugates levels could therefore be due to theasd of
glycoproteins from the erythrocyte membrane or tutissues itself. Neoplastic transformation letmw€levated
plasma sialic acid concentration through the shegldr secretion of sialic acid from the tumor ceiffaces (Senthil
et al, 2007; Suresh et al, 2007). Studies have shthat malignant changes are accompanied by inetdeas
expression of membrane associated fucose contamagomolecules (Kim et al, 1982; Rao et al., 1998)mor
itself may contribute to circulating fucose concatibns either by spontaneous release of glycojmtes the mass
grows or as a result of cell damage through haatlaor treatment (Glick, 1978). Oral adminiswatof Withferin-

A to DMBA painted animals protected the integriti red blood cell membrane by maintaining the statfis
glycoconjugates during oral carcinogenesis.

In the present study, erythrocyte membrane*fifaATPase) activity was decreased accompanied by
decrease in sodium and increase in potassium lavgllasma of tumor bearing hamsters. Oxidativesstrin the
system alters the activities of membrane bound reesy which is assumed to be crucial for cell lysis
(Thirunavukarasu and Sakthisekaran, 2003). It heentreported that alterations in red cell fragilign cause
change in N8K*-ATPase activity (Selvendiran and Sakthisekaran)420 Lowered activity of erythrocyte
membrane N#K*-ATPase in oral cancer bearing hamsters is probatlye to increased membrane
lipidperoxidation. Red blood cells obtained fronmitar bearing hamsters were found to be more fragde those
obtained from control hamsters. Increased redosghotic fragility is probably due to their altedguid content and
increased oxidative stress. Our study suggestshibanembrane permeability and cellular homeostasiseverely
disturbed during DMBA-induced oral carcinogene$sal administration of Withaferin-A significantlyestored
levels of membrane TBARS, activity of NK*-ATPase and red cell osmotic fragility. Our resiilidicate that
Withaferin-A maintained the structural integritytbe membrane and prevented the membrane abndemalitring
oral carcinogenesis.

Conclusion

The present study concludes that Withaferin-A mieté red blood cell integrity during DMBA induced
oral carcinogenesis by maintaining the status ahbrane glycoconjugates, NK*-ATPase activity and red blood
cell osmotic fragility.
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