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5HYLVHG-DQXDU\$FFHSWHG)HEUXDU\

$EVWUDFW In this study, the antioxidant effects of different
solvent soluble fractions derived from the methanolic extracts
RI WKH 6UL /DQNDQ WKHEX SODQW Costus speciosus) leaves
were assessed. For the antioxidant activity of the extracts,
GLSKHQ\OSLFU\OK\GUD]\O '33+  K\GUR[\O DQG DON\O
radical scavenging potentiality were measured using electron
spin resonance (ESR) spectroscopy compared to the standard
DQWLR[LGDQW DVFRUELF DFLG $PRQJ WKH H[WUDFWV HWK\O DFHWDWH
IUDFWLRQ 7($  LQGLFDWHG WKH VWURQJHVW VFDYHQJLQJ DFWLYLW\
against hydroxyl and alkyl radicals with the IC50 values 0.046
DQGPJP/, respectively. The aqueous
IUDFWLRQ 7:( LQGLFDWHGWKHKLJKHVW'33+UDGLFDOVFDYHQJLQJ
activity (IC50 YDOXHPJP/). The total phenolic
FRQWHQWLQWKHEXH[WUDFWVZDVWKHKLJKHVWLQ7($IUDFWLRQZLWK
  0RUHRYHU ERWK 7($ DQG 7:( IUDFWLRQV GLG not
VKRZDQ\VLJQL¿FDQWF\WRWR[LFHIIHFWDJDLQVWYHURFHOOVin vitro
assays. These results indicated the profound antioxidant effects
RIWKH6UL/DQNDQWKHEXOHDIH[WUDFWVIRUWKH¿UVWWLPH,VRODWLRQ
RI DQWLR[LGDWLYH FRPSRXQGV IURP 7($ DQG 7:( IUDFWLRQV
and in vitro antioxidant effects can be considered in further
studies.
.H\ZRUGV $QWLR[LGDQW DFWLYLW\ Costus speciosus, electron
spin resonance, medicinal plants, thebu leaves.

INTRODUCTION
Reactive oxygen species (ROS) are involved in many
diseases and these reactive molecules are formed during
physiological processes (Heo & Jeon, 2008). ROS are
unstable free radicals such as hydroxyl (•OH), nitric
oxide (NO•), peroxyl (ROO•) and superoxide (O2•),
and commonly generated with the excessive metabolic
* Corresponding author (kalpa.samarakoon@gmail.com)

oxygen. Under normal physiological conditions, ROS are
effectively eliminated by natural endogenous antioxidant
enzymes such as superoxide dismutase (SOD), catalase
&$7  DQG JOXWDWKLRQH SHUR[LGDVH *3[  .LP et al.,
 1RQHQ]\PDWLFDQWLR[LGDQWVVXFKDVYLWDPLQ&Į
tocopherol and selenium are also involved in protecting
internal organs and tissues from ROS. However, under
certain conditions, imbalances between the antioxidant
system and the ROS can result in damage to the biological
WLVVXHVDQGPDFURELRPROHFXOHVVXFKDVSURWHLQVOLSLGV
and nucleic acids (Qian et al., 2008). This phenomenon
is known as oxidative stress and can be associated with
many degenerative diseases of ageing, such as cancers,
coronary heart diseases and atherosclerosis (Finkel &
Holbrook, 2000).
These disorders are increasing due to certain
conditions such as environment pollution, chemicals
RI VPRNH DOFRKRO DQG KLJKIDW GLHWV 5HVHDUFKHUV DUH
continually seeking a good source with potent antioxidant
ability as an alternative for the dietary supplements.
Medicinal plants are considered as a rich source of natural
DQWLR[LGDQWV /Let al., 2008) and have been used to treat
chronic diseases many centuries ago. In particular, South
$VLDQDQG$VLD3DFL¿FFRXQWULHVKDYHXWLOL]HGPHGLFLQDO
SODQW PDWHULDOV H[SHFWLQJ KHDOWK EHQH¿WV DQG ORQJ OLIH
(Inayatullah et al., 2012). Therefore, many researchers
attempt to evaluate the therapeutic potential of medicinal
plants, as they are rich in phytochemicals (Chen et al.,
2008). In fact, antioxidant compounds are potential
candidates for future drug discovery and considered as
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alternative possibilities in pharmacological applications.
Costus speciosus Koen is an ornamental plant well
known as Thebu (Sinhala), 6SLUDO ÀDJ (English), Keu
or Keukand (Hindi), Kembu (Sanskrit) and Kostam
(Tamil) (Srivastava et al., 2011). It belongs to the order
Zingiberales and family Zingiberaceae. The rhizomes
of the Zingiberaceae family are importantly being used
LQ PDQ\$VLDQ FRXQWULHVDQG WKHLUPHGLFLQDOSURSHUWLHV
KDYH EHHQ EURDGO\ GLVFXVVHG ,Q 6UL /DQND WKH WKHEX
plant is very popular in home gardens and its leaves are
traditionally consumed as a green leaf salad. Different
SDUWVRIWKHSODQWVXFKDVWKHUKL]RPHVVWHPÀRZHUVDQG
URRWV DUH DSSOLHG LQ $\XUYHGLF WKHUDS\ DQG KDYH EHHQ
used in folk medicine for a long time. The knowledge
RI WKH KHDOWK EHQH¿WV RI WKHEX SODQW LV KLJKHU DPRQJ
WKH 6UL /DQNDQV ZKR EHOLHYH WKDW LW can cure diabetics
and other chronic diseases. Bandara et al. (1989) have
UHSRUWHG WKH LVRODWLRQ RI PHWK\O  K\GUR[\SKHQ\O 
 ( SURSHQRDWHIURP6UL/DQNDQC. speciosus through
the screening of antifungal activity among 63 medicinal
SODQW H[WUDFWV $QRWKHU VWXG\ WKDW HYDOXDWHG VWHURLGDO
VDSRJHQLQVIURP6UL/DQNDQSODQWVSHFLHVUHYHDOHGWKDW
the rhizome of C. speciosus was the best material for
LVRODWLQJVDSRJHQLQV *XQDWKLODNDet al $UHFHQW
study reported that methanol and water extracts of the
C. speciosus leaf effectively reduced the insulin resistance
in experimental wistar rats (Subasinghe et al., 2012).
Despite the facts, the biological and chemical evaluation
RIWKH6UL/DQNDQWKHEXSODQWOHDIKDVQRWEHHQFDUULHGRXW
so far. This research attempts to evaluate the antioxidant
DFWLYLWLHV RI WKH 6UL /DQNDQ WKHEX SODQW OHDYHV GHULYHG
organic solvent extracts, through free radical scavenging
activities using electron spin resonance spectroscopy. In
addition, the cytotoxic effect of the thebu extracts against
vero cells has also been determined in vitro.
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collected from Maharagama area in the Western Province
RI 6UL /DQND DQG WKH DXWKHQWLFDWHG VSHFLPHQ ZDV NHSW
LQ WKH 5HVHDUFK /DERUDWRU\ 'HSDUWPHQW RI &KHPLVWU\
8QLYHUVLW\ RI &RORPER IRU LGHQWL¿FDWLRQ 7KH VDPSOHV
were washed well and dried at room temperature for
24 h. The leaves were cut into smaller pieces and
VWRUHGDW °C. The sample (310.6 g) was ground into
D ¿QH SRZGHU LQ D ODERUDWRU\ PHFKDQLFDO EOHQGHU DQG
KRPRJHQL]HG 7KH KRPRJHQL]HG OHDI VDPSOH LQ  
PHWKDQROZDVVRQLFDWHG XOWUDVRXQGDVVLVWHGH[WUDFWLRQ 
at 25 °C for 90 min periods three times. The extract was
¿OWHUHGLQDYDFXXPXVLQJ:KDWPDQ1R :KDWPDQ/WG
0DLGHQVWRQH(QJODQG ¿OWHUSDSHUDQGWKHVROYHQWZDV
HYDSRUDWHGXVLQJDURWDU\HYDSRUDWRU )LVKHU6FLHQWL¿F
/RXJKERURXJK 8.  7KH FROOHFWHG FUXGH PHWKDQROLF
H[WUDFW 70(J ZDVVHSDUDWHGLQWRIRXUGLIIHUHQW
fractions: nKH[DQH 7+(  J  FKORURIRUP 7&(
J HWK\ODFHWDWH 7($J DQGDTXHRXV 7:(
0.35 g), respectively.
Determination of the total phenolic content
The total phenolic content was determined according
to Chandler and Dodds (1983). One milliliter of the
VDPSOH ZDV PL[HG LQ D WHVW WXEH FRQWDLQLQJ  P/ RI
HWKDQROP/RIGLVWLOOHGZDWHUDQGP/RI
 )ROLQ±&LRFDOWHX UHDJHQW 7KH PL[WXUH ZDV DOORZHG
WR UHDFW IRU  PLQ  P/ RI   1D2CO3 was added,
mixed thoroughly and placed in the dark for 1 h. The
DEVRUEDQFH ZDV PHDVXUHG DW  QP XVLQJ D 89±9,6
VSHFWURPHWHU$JDOOLFDFLGVWDQGDUGFXUYHZDVREWDLQHG
for the calibration of phenolic content.
DPPH radical scavenging assay

'LPHWK\OS\UUROLQ 1R[LGH '032  D]RELV
DPLGLQRSURSDQH  K\GURFKORULGH $$3+  Į 
S\ULG\OR[LGH 1WEXW\OQLWURQH 32%1  DQG 
GLSKHQ\OSLFU\OK\GUD]\O '33+ ZHUHSXUFKDVHGIURP
WKH6LJPD&KHPLFDOV&R 6W/RXLV86$ 'XOEHFFR¶V
PRGL¿HG(DJOH¶VPHGLXP '0(0 IHWDOERYLQHVHUXP
)%6 DQGVWUHSWRP\FLQ±SHQLFLOOLQZDVSXUFKDVHGIURP
*LEFR *DLWKHUVEXUJ0' $OOWKHRWKHUUHDJHQWVZHUH
of the highest commercially available grade.

GLSKHQ\OSLFU\OK\GUD]\O '33+  LV D IUHH UDGLFDO
donor, which can be detected via electron spin resonance
(65  VSHFWURPHWU\ -(6)$ PDFKLQH -2(/ 7RN\R
Japan) by the technique described by Nanjo et al. (1996).
ȝ/RIHDFKVDPSOHZDVDGGHGLQWRȝ/RI'33+ 
ȝPRO/ LQHWKDQRO$IWHUVHFRIYLJRURXVPL[LQJWKH
VROXWLRQV ZHUH WUDQVIHUUHG LQWR  ȝ/ WHÀRQ FDSLOODU\
WXEHVDQG¿WWHGLQWRWKHFDYLW\RIWKH(65VSHFWURPHWHU
7KH VSLQ DGGXFW ZDV GHWHUPLQHG RQ -(6)$ (65
spectrometer exactly 2 min later. The measurement
conditions were as follows: power: 1 mW, modulation
frequency: 5 × 100 kHz, modulation width: 0.8 mT,
sweep width: 10 mT, sweep time: 30 sec, temperature:
298 K.

Sample collection and preparation

Hydroxyl radical scavenging assay

Thebu plant (Costus speciosus) leaf samples were

Hydroxyl radicals were generated via the Fenton reaction,

0(7+2'6$1'0$7(5,$/6
Chemicals and reagents
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and reacted rapidly with nitrone spin trap DMPO; the
UHVXOWDQW'0322+DGGXFWVZDVGHWHFWDEOHZLWKDQ(65
spectrometer (Rosen & Rauckman, 1984). The reaction
PL[WXUHVFRQWDLQLQJP/RI0'032P/
of 10 mM FeSO4 DQG  P/ RI  P0 +2O2 were
PL[HG ZLWK WKH WHVWHG VDPSOH  P/  7KH VROXWLRQ
ZDVWKHQWUDQVIHUUHGLQWRDȝ/WHÀRQFDSLOODU\WXEH
DQG WKH VSLQ DGGXFW ZDV PHDVXUHG RQ D -(6)$ (65
VSHFWURPHWHU -2(/7RN\R-DSDQ H[DFWO\PLQODWHU
The measurement conditions were as follows: power:
1 mW, modulation frequency: 1 × 100 kHz, modulation
width: 0.2 mT, sweep width: 10 mT, sweep time: 30 sec,
temperature: 298 K.
$ON\OUDGLFDOVFDYHQJLQJDVVD\
$ON\O UDGLFDOV ZHUH JHQHUDWHG via$$3+7KH UHDFWLRQ
PL[WXUHVFRQWDLQLQJP/RIGHLRQL]HG+22P/
RIP0$$3+DQGP/RIP032%1ZHUH
PL[HGZLWKWKHWHVWHGVDPSOHV P/ 7KHVROXWLRQ
was then incubated for 30 min at 37 °C in a water bath
(Hiramoto et al   DQG WUDQVIHUUHG LQWR D  ȝ/
WHÀRQ FDSLOODU\ WXEH 7KH VSLQ DGGXFW ZDV UHFRUGHG
RQ -(6)$ (65 VSHFWURPHWHU -2(/ 7RN\R -DSDQ 
The measurement conditions were as follows: power:
7~8 mW, modulation frequency: 5 × 100 kHz, modulation
width: 0.2 mT, sweep width: 10 mT, sweep time: 30 sec,
temperature: 298 K.
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Cell culture
Vero cells (monkey kidney cell line) were grown in
DMEM supplemented with   KHDWLQDFWLYDWHG IHWDO
ERYLQHVHUXPVWUHSWRP\FLQ PJP/) and penicillin
8P/). The cultures were maintained at 37 °C in a
&22 incubator.
'HWHUPLQDWLRQRIFHOOYLDELOLW\ 077DVVD\
9HURFHOOVZHUHVHHGHGLQDZHOOSODWHDWDFRQFHQWUDWLRQ
of 1 × 105FHOOVP/. Sixteen hrs after seeding, the cells
ZHUH WUHDWHG ZLWK HWK\O DFHWDWH 7($  DQG DTXHRXV
7:( H[WUDFWVRI various concentrations (2.5, 5.0 and
 J P/). The cells were then incubated for an
DGGLWLRQDO  K DW  & 077 VWRFN VROXWLRQ  /
 PJ P/ in PBS) was then added to each well to a
WRWDOUHDFWLRQYROXPHRI/$IWHUKRILQFXEDWLRQ
the plates were centrifuged (800 g, 5 min) and the
supernatants were aspirated. The formazan crystals in
HDFKZHOOZHUHGLVVROYHGLQ/RIGLPHWK\OVXOIR[LGH
(DMSO) and the absorbance was measured at 540 nm
XVLQJ(/,6$SODWHUHDGHU
Statistical analysis
$OOWKHGDWDZHUHH[SUHVVHGDVPHDQVWDQGDUGGHYLDWLRQ
of three determinations. Statistical comparison was

)LJXUH 7RWDO SKHQROLF FRQWHQW 73&   LQ GLIIHUHQW VROYHQW H[WUDFWV IURP
thebu plant leaves

0HWKDQROH[WUDFW 70( QKH[DQHH[WUDFW 7+( FKORURIRUPH[WUDFW
7&( HWK\ODFHWDWHH[WUDFW 7($ DTXHRXVH[WUDFW 7:( 
Values are mean ± SD of three determinations.

9DOXHVZLWKGLIIHUHQWOHWWHUVDUHVLJQL¿FDQWO\GLIIHUHQWDWSDV
analysed by DMRT.
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SHUIRUPHGXVLQJRQHZD\DQDO\VLVRIYDULDQFHIROORZHG
by Duncan’s multiple range test (DMRT). Probability
YDOXHV RI OHVV WKDQ  S    ZHUH FRQVLGHUHG DV
VLJQL¿FDQW

DPPH radical scavenging activity
DPPH chemicals generate stable free radicals and are
widely used to test the antioxidant activity of compounds
or extracts of food materials, as free radical scavenging
properties or hydrogen donor capacity. The antioxidant
activity of different organic solvent extracts of thebu
plant leaves were determined using DPPH radicals by the
(65PHWKRG )LJXUH $PRQJWKHWKHEXH[WUDFWV70(
7+( 7($ DQG 7:( IUDFWLRQV VKRZHG DURXQG  
'33+VFDYHQJLQJDFWLYLW\DWPJP/ concentration,
ZKHUHDV7&(VKRZHGDURXQGRI'33+VFDYHQJLQJ
activity at the same concentration. In particular,
7:( IUDFWLRQ LQGLFDWHG D UHPDUNDEOH GRVH GHSHQGDQW
increase of DPPH scavenging activity with increasing

5(68/76
7RWDOSKHQROLFFRQWHQW 73&
7KHKLJKHVW73&  ZDVUHSRUWHGDV  IURPWKH7
($H[WUDFW7&(DQG70(H[WUDFWVDOVRVKRZHGDVLPLODU
73&  RIDQG  UHVSHFWLYHO\DQGGLG not
VLJQL¿FDQWO\GLIIHUIURP WKH7($H[WUDFW+RZHYHUWKH
7+(DQG7:(H[WUDFWVUHSRUWHGVLJQL¿FDQWO\ORZHU73&
values of DQG  UHVSHFWLYHO\ )LJXUH 
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)LJXUH DPPH radical scavenging activity of different solvent extracts from thebu plant
OHDYHV YL] PHWKDQRO H[WUDFW 70(  QKH[DQH H[WUDFW 7+(  FKORURIRUP
H[WUDFW 7&( HWK\ODFHWDWHH[WUDFW 7($ DQGDTXHRXVH[WUDFW 7:( 
Different colour bars show the different concentrations treated from extracts.
Values are mean ± SD of three determinations.

9DOXHVZLWKGLIIHUHQWOHWWHUVDUHVLJQL¿FDQWO\GLIIHUHQWDWSDVDQDO\VHG
by DMRT.

7DEOH

Radical scavenging activities of different solvent extractions from thebu (Costus speciosus) plant leaves a

6DPSOHV
IC50YDOXHV PJP/) b
DPPH
Hydroxyl
$ON\O
a
b

70(

7+(

7&(

7($

7:(

$$

0.320 ± 0.01
0.258 ± 0.02


0.607 ± 0.02
0.273 ± 0.01


0.639 ± 0.05
0.138 ± 0.03


0.403 ± 0.02
0.046 ± 0.002


0.110 ± 0.01
0.986 ± 0.04


0.0035 ± 0.003
0.0033 ± 0.005


The values of IC50 were determined by triplicate individual experiments. Values are mean ± SD of three determinations
7KHFRQFHQWUDWLRQRIVDPSOHUHTXLUHGWRVFDYHQJHRIWKHUDGLFDOVFDYHQJLQJDFWLYLW\
0HWKDQROH[WUDFW 70( QKH[DQHH[WUDFW 7+( FKORURIRUPH[WUDFW 7&( HWK\ODFHWDWHH[WUDFW 7($ DTXHRXVH[WUDFW 7:( 
DQGDVFRUELFDFLG $$
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)LJXUH Hydroxyl radical scavenging activity of different solvent extracts from thebu plant leaves
YL]0HWKDQROH[WUDFW 70( QKH[DQHH[WUDFW 7+( FKORURIRUPH[WUDFW 7&( HWK\O
DFHWDWHH[WUDFW 7($ DQGDTXHRXVH[WUDFW 7:( 
Different colour bars show the different concentrations treated from extracts.

9DOXHVDUHPHDQ6'RIWKUHHGHWHUPLQDWLRQV9DOXHVZLWKGLIIHUHQWOHWWHUVDUHVLJQL¿FDQWO\
GLIIHUHQWDWSDVDQDO\VHGE\'057

)LJXUH $ON\OUDGLFDOVFDYHQJLQJDFWLYLW\RIGLIIHUHQWVROYHQWH[WUDFWVIURPWKHEXSODQWOHDYHV
YL] 0HWKDQRO H[WUDFW 70(  QKH[DQH H[WUDFW 7+(  FKORURIRUP H[WUDFW 7&( 
HWK\ODFHWDWHH[WUDFW 7($ DQGDTXHRXVH[WUDFW 7:( 
Different colour bars show the different concentrations treated from extracts.
Values are mean ± SD of three determinations. Values with different letters are
VLJQL¿FDQWO\GLIIHUHQWDWSDVDQDO\VHGE\'057

FRQFHQWUDWLRQ IURP  WR  PJ P/. It was noted
WKDWERWK70(DQG7:(IUDFWLRQVH[KLELWHGDVLPLODU
pattern of DPPH scavenging activity, although the IC50
YDOXH ZDV WKH ORZHVW LQ WKH 7:( IUDFWLRQ  
 PJ P/) and therefore considered the highest
active fraction compared to the other thebu extracts.
However, ascorbic acid, which was used as a commercial
antioxidant in this study reported an IC50 value of 0.0035
PJP/ (Table 1).
Journal of the National Science Foundation of Sri Lanka 42(3)

Hydroxyl radical scavenging activity
Hydroxyl radicals are highly reactive oxygen species,
ZKLFKDUHFDSDEOHRIFDXVLQJGDPDJHVWR'1$DQGRWKHU
biological tissues. Moreover, they can initiate the lipid
peroxidation process by abstracting hydrogen atoms from
unsaturated fatty acids. Therefore in this study, thebu plant
extracts were assessed to determine the potentiality of
hydroxyl scavenging activity by ESR method (Figure 3).
September 2014
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)LJXUH 7KHF\WRWR[LFHIIHFWRIWKHHWK\ODFHWDWH 7($ DQGDTXHRXV 7:( H[WUDFWVRQ
the viability on vero cells.
Values are expressed as means ± SD in triplicate experiments. Values with different
OHWWHUVDUHVLJQL¿FDQWO\GLIIHUHQWDWSDVDQDO\VHGE\'057

$FFRUGLQJ WR WKH UHVXOWV 7DEOH   WKH 7($ IUDFWLRQ
LQGLFDWHG VLJQL¿FDQWO\ KLJKHU K\GUR[\O VFDYHQJLQJ
properties (IC50 YDOXHPJP/) compared
WRWKHRWKHUIUDFWLRQV,WVKRZHGDERXWRIK\GUR[\O
VFDYHQJLQJ DFWLYLW\ DW  PJ P/ concentration.
$OO WKH RWKHU IUDFWLRQV VKRZHG D VLJQL¿FDQW K\GUR[\O
UDGLFDO VFDYHQJLQJ DFWLYLW\ GRVHGHSHQGHQWO\ 7KH
determined IC50 values are given in Table 1. However,
the commercial antioxidant (ascorbic acid) showed the
strongest scavenging activity on hydroxyl radicals (IC50
YDOXHPJP/).

RI7($ DQG7:( IUDFWLRQV WR GHWHUPLQH WKH HIIHFW RI
cytotoxicity for further experiments. In this in vitro assay,
ERWKIUDFWLRQVUHVXOWHGLQRYHUFHOO survivability at
DOOWKHFRQFHQWUDWLRQV DQGJP/) tested
)LJXUH 7KHUHIRUH7($DQG7:(IUDFWLRQVGRQRW
exhibit cytotoxic effects at the treated concentrations
against normal cells and can be used for further in vitro
experiments.

$ON\OUDGLFDOVFDYHQJLQJDFWLYLW\

Reactive oxygen species (ROS) are the major causative
agents for oxidative stress due to imbalances between
the natural antioxidant enzymes and ROS activities in
the human body. Therefore, antioxidant compounds from
food sources play an important role by eliminating these
reactive molecules and reducing the risk of cancers,
heart disease and diabetes mellitus (Kang et al., 2012).
The antioxidant value of many medicinal plants has
been widely characterized and commercially exploited
/L et al  /LQ et al  .HVDUZDQL  *XSWD
2013).

7KHWUHDWPHQWRI$$3+ZLWK32%1DWoC for 30 min
results in the generation of alkyl radicals. The alkyl radical
scavenging properties of the thebu extracts derived by
GLIIHUHQWVROYHQWVZHUHGHWHUPLQHGLQWKLVVWXG\7KH7($
fraction had the highest alkyl radical scavenging activity
DWPJP/ concentration), but did not show
D VLJQL¿FDQW GLIIHUHQFH DW  PJ P/ concentration
(Figure 4). However, all the other fractions showed
D VLJQL¿FDQW LQFUHDVH LQ WKH DON\O UDGLFDO VFDYHQJLQJ
DFWLYLW\ZLWKLQFUHDVLQJFRQFHQWUDWLRQV$FFRUGLQJWRWKH
IC50 YDOXHVWKHVWURQJHVWDFWLYLW\ZDVVKRZQE\WKH7($
fraction (IC50 YDOXHPJP/), which was
higher than the ascorbic acid IC50 value (0.0123 ± 0.006
PJP/) (Table 1).
(IIHFWRI7($DQG7:(IUDFWLRQVRQFHOOYLDELOLW\LQ
normal cells
Vero cells were treated with different concentrations
September 2014
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Vijayalakshmi and Sarada (2008) have reported that
the methanolic extracts of the peel of the stem and root
of thebu plant (C. specious) showed a higher hydroxyl
radical scavenging activity compared to the commercial
antioxidants. In another study, different solvent extracts
of the thebu rhizomes have been evaluated for in vitro
antioxidant activity and the results have indicated that the
benzene extracts contain the highest total phenolic content
and the respective antioxidant activity (Nehete et al.,
2010). However, the medicinal value of the C. specious
Journal of the National Science Foundation of Sri Lanka 42(3)

$QWLR[LGDQWDFWLYLW\RIWKHEXOHDYHV &RVWXVVSHFLRVXV 

leaf extracts has not been documented. Therefore in this
study, the most sensitive, direct and accurate method to
detect the free radical scavenging activity, the electron
spin resonance (ESR) technique based spectroscopy,
was used to monitor the reactive species, including
DPPH, hydroxyl and alkyl radicals scavenging activity
compared to the commercial antioxidant ascorbic acid
DWURRPWHPSHUDWXUH *XRet al., 1999; Sharma & Bhat,
2009).
 %DVHGRQWKHLGHQWL¿HGUDGLFDOVFDYHQJLQJSURSHUWLHV
the strongest scavenging activity was reported in the ethyl
DFHWDWH IUDFWLRQ 7($  DPRQJ WKH WKHEX H[WUDFWV DQG
the determined IC50 values were 0.046 ± 0.002 and 0.055
  PJ P/ against hydroxyl and alkyl radicals,
UHVSHFWLYHO\7:(IUDFWLRQLQGLFDWHGWKHKLJKHVW'33+
radical scavenging activity with an IC50 value of 0.110 ±
PJP/,QDGGLWLRQWKH7+(IUDFWLRQDOVRUHSRUWHG
the highest alkyl radical scavenging activity with IC50
YDOXHPJP/. However, the commercial
antioxidant used in this study indicated the strongest
antioxidant activity tested against DPPH and hydroxyl
compared to the thebu leaf extracts.
Most of the previous studies have supported that
the attributed antioxidant activity is based on the total
polyphenol contents of the respective sample. Chen
et al. (2008) have shown that the methanolic extracts
of the thebu plant rhizomes indicated profound DPPH
radical scavenging and antimicrobial activity compared
to the other Zingiberaceae plants tested. In fact, these
bioactivities were attributed to the total phenolic contents,
which were determined in the extracts. The antioxidant
capacities of 45 medicinal plants were correlated with
the total phenolic contents and indicated as the major
FRQWULEXWRUIRUWKHDQWLR[LGDQWDFWLYLW\RIWKHSODQWV /L
et al., 2008). In this study, the observed total phenolic
contents of the thebu extracts were evidenced for the
DVVHVVHG DQWLR[LGDQW DFWLYLW\ $PRQJ WKH 7($ 7&(
DQG 70( IUDFWLRQV WKH GHWHUPLQHG 73& YDOXHV ZHUH
QRW VLJQL¿FDQWO\ GLIIHUHQW +RZHYHU 7:( DQG 7+(
IUDFWLRQV ZHUH VLJQL¿FDQWO\ ORZHU WKDQ WKH 73& YDOXHV
of the other fractions. The radical scavenging activities
ZHUH KLJKHU LQ 7:( DQG 7+( IUDFWLRQV FRPSDUHG WR
WKH RWKHU H[WUDFWV 7KHUHIRUH WKH LGHQWL¿HG DQWLR[LGDQW
capacity of the thebu extracts can be associated with
the phenolic compounds as well as other secondary
metabolites.
 4XDQWL¿FDWLRQ VWXGLHV RI WKH C. speciosus rhizome
HWKDQROLF H[WUDFWV XVLQJ +37/& PHWKRG KDV UHSRUWHG
the presence of phenolic compounds, steroids, saponin
glycosides and sugars (Verma & Khosa, 2012). In
SDUWLFXODU WKH LGHQWL¿HG SK\WRFKHPLFDOV LQ C. specious
Journal of the National Science Foundation of Sri Lanka 42(3)



and C. igneus also indicated positive evidence for
ÀDYRQRLGVDONDORLGVWHUSHQRLGVVWHURLGVVDSRQLQVDQG
phenolic compounds (Devi & Urooj, 2009). Zingiberaceae
plants contain many compounds such as terpens, steroids,
ÀDYRQRLGVFDURWHQRLGVDQGSK\WRHVWURJHQV &KHQet al.,
2008) and these secondary metabolites are furnished
ZLWK ELRORJLFDO DFWLYLWLHV LQFOXGLQJ DQWLIXQJDO DQWL
LQÀDPPDWRU\DQWLR[LGDQWDQGLQVHFWLFLGDODFWLYLW\ 6LUDW
et al., 1996). Bavarva and Narasimhacharya (2008) have
reported that C. specious rhizome ethanolic extracts have
the potency for antihyperglycaemic, antihyerlipidimic
and antioxidant activities. The methanolic extract of
C. afer. Ker leaf was investigated for pharmacological
activities in vitro and in vivo, and has reported anesthetic,
antihyperglycaemic and blood glucose lowering activity
$QDJDet al., 2004).
Different organic solvent soluble extracts of the
6UL/DQNDQWKHEXSODQWOHDIVKRZHGWKHSRWHQWLDOLW\RIIUHH
UDGLFDOVFDYHQJLQJDFWLYLWLHVLQ(65PHWKRGIRUWKH¿UVW
time. Furthermore, the determined total phenolic content
of the thebu leaf extracts indicated some correlation
with the respective antioxidant activity. The MTT assay
FRQ¿UPHG WKDW ERWK 7:( DQG 7($ IUDFWLRQV FDQ EH
used for in vitro experiments without cytotoxic effects. In
FRQFOXVLRQWKH6UL/DQNDQWKHEXSODQWOHDIH[WUDFWVFDQ
be employed as a good candidate for future therapeutic
uses.
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