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A B S T R A C T

The protecti ve effects of water extracts of sugarcane (Sacc harum officinarum L.) lea ves 

among three varieties, including 28NG256, wild type, and ROC10, on t-BHP-induce d oxida- 

tiv e stress in Clon e 9 cells wer e systemat ically compared. Among these three varieties,

28NG256 sho wed the highest protecti ve effect against 0.2 mM t-BH P-induced oxidativ e

stress in Clone 9 cells. In addition, 28N G256 displa yed higher inhibitory effect s on ROS gen- 

eration than wild type and ROC10. Moreo ver , 28NG256 sho wed higher positiv e re gulated 

GSH lev els and antioxida nt enzymes as well as higher protecti ve potential against cell 

death by inhibiting caspa se-3 activity and mi tochondrial membrane depolarization. Chlor -

og enic and caff eic acids present in 28NG256 decreased significantly the generation of ROS ,

which ma y partly be responsible for the effect of Clone 9 cell gr owth. Thus, 28N G256,

among the three varieties studied, sho wed the most protecti ve effects against t-BHP-

induce d oxidativ e stress in Clone 9 cells.

� 2013 Else vier Ltd. All right s reserve d.

1. Intro duction 

Li ve r is an important or gan in volved in xenobio tic metab o- 

lism (Sahu et al., 2008 ). Hep atoc ytes make up the majority 

of liv er structur e and the y are acti ve in the meta bolism of 

exogenous che micals, thus causing a liv er to be the tar get 

for toxic substance s (Kim et al., 2007 ). No wada ys, liv er -rela ted 

disease s are still among the leading causes of morbidity and 

mortality in the world. Among causes of liv er -r elated dis- 

eases, oxidati ve str ess has been sho wn to be linked to he pa- 

toxicity and other liv er patholo gical conditions (Leal, Beg on ˜ a

Ruiz-Larr ea, Martı́nez, & Lacort, 1998). Man y synthetic com- 

pounds like thalidomid e, corticoster oids, and natur al com- 

pounds suc h as cur cumin, gl yc yrrhizin , and sil ymarin fro m

plants are re gar ded as drugs for the tr eatment of hep atic dis- 

eases, ho we ve r, onl y a fe w of these compound s were success- 

fully used in humans (Muriel & Riv era -Espinoza, 2008 ). Thus,

mor e resear ch efforts are needed to stud y drugs for liv er -r e- 

lated diseases drugs.

It is well kno wn that oxidati ve stre ss caused by the rea ctiv e

oxygen species (ROS) ma y oxidize cellular DN A, pro teins and 

lipids and contribut e to disease pro gre ssion thro ugh interfer -

ing with signal cascade systems. Ho wever , man y studies ha ve 

sho wn that interv ention of bioacti ve compou nds fro m foods 

or dietar y supplemen ts suc h as ve getab les, fruits and other 

natur al sour ces ma y eliminate or decr ease ROS , leading to pro -

tection again st liv er injur y, because the y exhibit one or a com- 

bination of antioxid ant, antifibrotic, imm unomo dulator y, or 
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anti vira l activ ities (Yang, Li, Wang, & Wu, 2010 ). In other wor ds,

compoun ds that are ab le to suppr ess or reta rd oxidati ve stre ss

in he patic tissues can be potential candid ates for enhancin g

he patopro tecti ve activ ity ag ainst liv er -r elated disease .

Sugar cane (Sacc harum officinarum L.), wildl y distribute d in 

the subtr opics, is one of the most importan t sour ces of sugar .

During sugar pro duction, the sugar cane leaf is first remo ve d.

Bypr oducts of ag roin dustries suc h as seed testa, hulls, peels 

and lea ve s, are either disposed of or used as feedstuff and fer -

tilizer . Sugar cane lea ve s ar e often discar ded or burned. Ho w- 

ever , the disposal has become a matter of gre at concer n.

Hence , mor e ratio nal uses of sugar cane lea ves are necessar y.

In a pre vious stud y, the water extr acts of sugar cane lea ve s

at 1500 and 2500 lg/ml pro moted effecti vel y the accum ula- 

tion of RO S gener ation, conseque ntly inducin g apoptosis,

and ther eb y pushing He pG2 cells to war d cell death. Clearl y,

the pro -oxidant activ ity of sugar cane lea ve s at 1500 and 

2500 lg/ml can contribute to their antipr olifera ti ve effects 

on He pG2 cells. Bioacti ve constit uents suc h as caffeic, chlor o- 

genic and hydrox ybenzoic acids pre sent in sugar cane lea ve s

could in part contribut e to antipr olifera ti ve effects on Hep G2 

cells (Lee , Chen, Yu, Wang, & Duh, 2012 ).

The water extr acts of sugar cane lea ves in the ran ge of 0–

500 lg/ml ha ve been describe d as displa ying antioxid ant acti v- 

ity , ha ving the potential to decre ase ROS gener ation (Lee et al.,

2012). In other wor ds, sugar cane lea ve s tested with pro ven anti- 

oxidant activ ity ma y ha ve pro-ox idant activ ity as well, dep end- 

ing on the concent ratio ns used. This finding is in ag ree ment 

with the results of Tian and Hua (2005) who sho wed that aloin 

and aloe-emodi n displa ye d antioxidan t or pro-ox idant activ ity 

on plasmid DN A, de pending on their natur e (structure and con- 

centr ations). Giv en that sugar cane lea ves can reduce ROS gen- 

era tion, the y ma y also amelior ate oxidati ve insult in cellular 

systems. Thus, the aim of this stud y was to explor e the he pato- 

pro tecti ve effect of sugar cane lea ves of three va rieties, namel y

28NG256, wild type , and ROC 10, which are widel y pro cessed for 

sugar cane in Taiwa n, ag ainst tert-butyl hydr opero xide (t-BHP)-

induced oxidati ve stre ss in Clone 9 cells. The mec hanism of ac- 

tion was also elucidat ed.

2. Ma ter ials and methods 

2.1. Ma terials 

Pero xidase and 2-aminoe th yl were purc hased fro m Sigma (St.

Louis, MO , USA). Sodium carbona te, Folin–Ciocalteu, rutin,

methanol (100%), acetonitrile (>99%), tert-butyl hydrop ero xide 

(t-BHP), and 3-[4,5-dime th ylthiaz ol-2-yl]-2,5-d iphen yl-tetr a- 

zolium brom ide (MTT) were obtained from MERCK (Derms- 

tadt, German y). 2 0,7 0-Dic hlor ofluorescein diacetate (DCFH-

DA) was obtained fr om Calbioc hem (Calbiochem, San Die go ,

CA, USA). Caspase-gl otm 3/7 assa y was purc hased fro m Pro -

me ga Co . (Madison, WI, USA).

2.2. Pr epar ation of samples 

Sugar cane leaf donated by Taiwa n Sugar Corpor ation, Tainan,

Taiw an was cut into small pieces and stor ed at cooling room 

(4 �C) until used. Sugar cane leaf (20 g) was extr acted with 

boiling water (200 ml) for 30 min, and the filtrate was 

fre eze–dried. The yields of the extr acts for 28NG256 , wild,

and ROC 10 were 8.6%, 5.7%, and 13.9%, respecti ve ly .

2.3. Clone 9 cell viability 

Clone 9 cells (ATCC nu mber: CRL-1439) wer e pur cha sed fro m

Bior esour ces Collect ion and Resear ch Center (Shin-chu, Tai- 

wan) and culture d in Dulbecco’s Modified Ea gle Medium:

Nutrient Mixtur e F-12 (DMEM/F12) containing 10% fetal bo- 

vine serum and maintain ed in humidified 5% CO 2/95% air at 

37 �C. The tetr azolium dye colorimetric test (MTT test) was 

used to determine the via bility of Clone 9 cells. Cells were pla- 

ted in 24-w ell flat-bottom plate at a density of 5 · 104 cells/ml

and gro wn. After 24 h incubatio n, cells wer e treate d with or 

without extrac ts. After a period time of incubatio n, 50 ll

0.1% MTT solution were added and cells were incubated for 

1 h. Subsequ ently the reaction was terminate d and the plates 

were incubated for 30 min to solubilize the formazan dye by

addition of dimeth yl sulfoxide , the optical density of each 

well was determin ed at 570 nm (Denizot, Wilson, Batty e,

Berke , & Shortma n, 1986).

2.4. Intr acellular ROS measur ement 

Intr acellular ROS was estimated by using a fluorescent pro be ,

DCFH-D A (Wang & Jo seph, 1999 ). In brief, at the end of incu- 

bation, the cells (106 cells/ml) were collected and re-sus- 

pended with PBS . An aliquot of the suspensio n (195 ll) was 

loaded into a 96-w ell plate and then 5 ml DCFH-D A was added 

(final concent ratio n 5 lM). The DCF fluorescence intensity 

was detected using a Bio-T ek FLx800 micr oplate fluorescence 

reader (Winooski, VT , USA) with an excitati on wavelength of 

485 nm and emissio n wavel ength of 530 nm.

2.5. Determina tion of antioxidant enzyme activity 

Antioxida nt enzyme activ ities of liv er homogenate superna- 

tants were determine d as pre viousl y describe d. He patic gluta- 

thione perox idase (GPx) and glutathio ne redu ctase (GRd)

activ ities wer e measur ed by follo wing the decr ease in the 

ab sorbance due to oxidation of nicotinami de adenine dinu -

cleotide phosphate (NADPH) (Wang, Yu, Chang, Yen, & Duh,

2008). Briefly, a reaction mixtur e containing 1 mM glutathion e

(GSH), 1 unit/ml of GRd, 1 mM NaN 3, 1 mM eth ylenediami ne- 

tetr aacetic acid (EDTA), 0.2 mM NA DPH and 0.1 ml of liv er 

supernat ants was mixed with 0.1 ml of 2.5 mM hydrogen per -

oxide (H2O2) for GPx activ ity determina tion. To anothe r mix- 

tur e containing 1 mM MgCl 2, 1 mM oxidized glutathio ne 

(GSSG), 0.2 mM NADPH, was added 0.1 ml of liv er superna- 

tants for GRd activ ity determin ation. The decr eased ab sor -

bance at 340 nm was measur ed for 3 min. The super oxide 

dism utase (SOD) activ ity was determine d using the xan- 

thine–xanthine oxidase-iod ophen yl nitr ophen yl phen yltet- 

razolium chlo ride (INT) system, as pre viously described 

(Dur ack ova & La buda, 1995 ). The reaction mixtur e containing 

0.05 mM xanthine , 0.025 mM INT , 1 mM EDT A, and 0.1 ml of li- 

ve r supernatan ts was mixed with 0.1 ml xanthine oxidase 

(80 unit/ml). The change in ab sorbance at 510 nm in 3 min 

was monitor ed. The activ ity of catalase (CAT) was measur ed 
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