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Abstract

Caesalpinia sappan L. is an oriental medicinal plant distributed in the Asia Pacific region including India, Malaysia,
and China. The dried heartwood of Caesalpinia sappan has been traditionally used as an analgesic and anti-inflam-
matory drug. In this study, the effects of extract methods of C. sappan on contents of total polyphenols and flavo-
noids, antioxidant activity, and cytotoxic activity were evaluated. As a result, hot water extract from C. sappan
(CSWE) significantly exhibited contents of total polyphenols and flavonoids (22.6 mg GAE/g and 14.5 mg QE/g)
higher than 70% ethanol extract (CSEE) (17.6 mg GAE/g and 13.2 mg QE/g). However, CSEE showed greater anti-
oxidant activity than CSWE in both DPPH and ABTS. Also, the cytotoxicity of C. sappan against three kinds of
cancer cell lines was higher in CSEE than in CSWE. These results show that ethanol extract is a better extract
method than hot water method to maintain antioxidant and anti-cancer activities.
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SFOM(Kim, 1989), &5 Al AFHoE 238 U8
Z A5 tH(Toegel et al., 2012). &259] 7|54 A+=
55 2 dd9528(Xie et al., 2000; Wu et al., 2011)
I} 73 2H8-(Baek et al., 2000), “d* X|-f-(Tewtrakul et al.,
2015), 7FX & (Srilakshmi et al., 2010), &4Fsk(Badami et
al., 2003), &Y (Wang et al., 2011) o] B IE AT}
AF7HA 2EFZE dig gefet A7t ZegEogte
U A Fo2 &8357] olst EF 2 FAH L o8 =
o] S-S gt AL ol ] dET). uehA,
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=, % Fehuwo|se

T X
o
B Ao AV AE(Caesalpinia sappanyS T~ 25

Al(Daegu, Korea)ol Al F+3A Tt 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), 2-2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS), dimethyl sulfoxide
(DMSO), L-ascorbic acid, 3-(4,5-dimethylthiazol-2-yl)-2,5-
dimethyl tetrazolium (MTT), sulforhodamine B (SRB), tri-
chloroacetic acid (TCA), Folin-Ciocalteu's phenol reagent,
gallic acid, quercetin, potassium hydroxide, sodium chloride,
potassium chloride, trizama base= Sigma Chemical Co.
(St. Louis, MO, USA)Al| A -3ttt Al zulofof] AHg-gt
fetal bovine serum (FBS), penicillin-streptomycin solution,
trypsin 0.25% EDTA solution, dulbecco's modified eagle's
minimal essential medium (DMEM), roswell park memorial
institute medium (RPMI-1640 with L-glutamine), minimum
essential medium (MEM)-> Hyclone Co. (Logan, UT, USA)
oA Fstth A A ZFQD A-549 (T Al E),
HeLa (A< A1), Hep3B (74} Al E)e= @44 £5-23)
(Seoul, Korea)ol| A ¢ who} A3} T

FES MZE
Ak GF FEES LS 100g] F/F5 2LE 7he)
o] 65°Ce] FxAM 447 FF FEINYL, ABE F=

i=¥e}

2o 100 goll 70% SNEHS 2L
pml 2 24X 7+ F7F "
(Toyo No. 2, Advantec, Tokyo, Japan)E ©]-&-3}o] o }35}
3 745=7](LABOROTA 4000-efficient, Heidolph Instru-
ments GmbH & Co., Schwabach, Germany)E ©]-8-3}> &
=3t & FZA7AZ71(EYELA, Tokyo Rikakikai Co., Tokyo,
Japan)ol| Al 7z ste] Aol ARE-ak3ATt.
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Z ZodE %2 Folin-Denisi 2.2 =7 5}%1 th(Folin
et al, 1912). 3|X ¥ A& I mLdl F7FF 5mLE 3
% Folin-Ciocalteu's phenol reagent 0.5 mLE 7}S}3L vortex
2 Este] 887+ vkSA17]1AL o3 719 7% Na,CO, (Duksan
Pure Chemical Co., Ansan, Korea) 10 mLE F7}5}4t. &
Fore ol&ste] AT FyE 25mL= dee] ¢
Aol 2A17F F<F WA $F T UV/Vis spectrophotometer
(DU 800, Beckman Coulter Inc., Fullerton, CA, USA)=
750 nmol| A ¥FE-H o] FREE SASIAT ATEELR
gallic acid& AHE-3t] & ZE|olE FEFS AE g gallic
acid mg T3 (mg GAE/g)o.Z HFAsISG o A3k 33
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#3t ¥ 10% aluminum nitrate (Duksan Pure Chemical Co.,
Ansan, Korea) 1 mL®} 1M potassium acetate (Duksan
Pure Chemical Co.) 100 uL, 80% ©|&-& 43 mLE AT
2 7R & Rl 408 St ¥EEAIZ] T 510 nm
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DPPH radical 21 &4 &8

DPPH radicalell i3t 427 &/ Bloise] WS o4&
sto] =753 th(Blois, 1958). 0.1 M sodium acetate buffer
(pH5.5)5 °o]&3te s]4€ AlE 1 mLel 7.5x10°M DPPH
& 2mLE H7bste] wyk & 37°C ¢FAaellA 30%%F v
SAIAY. ©]A & UV/Vis spectrophotometerg ©]-8 3}
517 nmollA §F =5 =% 31921 positive control 2= L-
ascorbic acidE AFHE-3}$iT} DPPH radical &7 842 t}
=9 AL E ARSI AL 33) vhE SA S & WH o=

HER A

Inhibition (%)
Y27 FRE - A8 A7 R
W=7 FHE

ABTS radical 27 &M =%
ABTS radical 27 84L& Re 59 WHE o] &3l =

potassium persulfate 84S 1:12 &3l 30°C LaelA
124)7F WFx]3}e] ABTS radical cation® A|Z3Iith. 2 &
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SmM potassium phosphate buffer (pH 7.4)2 3]4] 3}l
413 nmellA FF=7F 0.70] HEE sk 84 E ABTS
£ 4mLe] 0.1 M sodium acetate buffer (pH 5.5)%2 3|4
H AE 40uLE 718te] 1E7F vHeA1Z] 3 413 nmeol| A
FHE=E ZA3A L positive controlZ+=  L-ascorbic
acidE AFE-3Fth ABTS radical &7 42 DPPH
radical 227 43 FLg ALPE S o] &38HAL 33] HHE
% 5 BAH = YeER U

MZZ= HiQE

A-549= RPMI-164081 4], Hep 3B= DMEMH#]A], HeLa
© MEMHI A S ARE-8tod v stsilet. ZF viAlell 10% (wiv)
FBS2} 1%(w/v) penicillin streptomycine 7 7}FeF 23 <]
& ZAIste] gl AHE-st e 37°C, 5% CO, incu-
bator (Forma 3546, Thermo Scientific Inc., Massachusetts,
USA)elA 4 7tAC = At wjefstar] Aol AH&-st
ATh

MTT assay
FE2E GAE Y A& axs A3 Yl
Carmichael 59| WWOZ MTT assayS A&tk

cells/mLe] FXEZ 96 well plated] 180 uL® 3 7}ataL
37°C, 5% CO, incubatordll Al 24A|17F &<t w3ttt 7]
Z mA 80uLS AABIE Zt welld] AIES FEHE
100 pLA H7rsted 919F 72 27004 48417 F<t wleF
3 3 7} wellol 5 mg/mLe] MTTEH-S 20 uL¥ A7}t
o] 4A17F FF etk mgd A A T DMSO<}
ethanolS 1:1 H]E&Z ES &9S 150 uLy 2+ welloll
A7rste] 3087 £E9 WHSAIZL F ELISA reader
(Versamax, Molecular Device, California, USA)E ©]-&-3}
ol 550 meIM FBES SsT AR FR7H S A
T oAl PBSE H7bete] 1o w3 Ao w A
oh AIE A ZA2 ob] AN S ARE-she] QA

met AEe] AlE 2407 k)i,

Cytotoxicity (%)
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SRB assay

SRB assay= Doll et al. (1981)2] WHE o] &3t =A
Stk SAEZE 5x10%cells/mL F =2 96 well plate©]
100 uL #5=3}3L 37°C, 5% CO, incubator®l] A 24A] 7k
Fob ke & 7} wellol A|RE FEEE 100 uL¥ H7}H
shod 48AIZF FQF F7F wiFsiadth WA E A AT v
7} wellell 10% TCA 100 LS H7Fsted 4°CollA] wH-g-A]
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At} IA7F 3 TCAE A ASI 96 well plateE B2
53] M2 ste] A2or Az 3 Z} welloll 1% acetic
acidell €33 0.4% (w/v) SRB &2 100 uL¥ 3 7}ske]
2o A 30%7F WHeAIFAT SRBE HME cellS 1%
acetic acid® 53] A& § o)X AXAATLE AxE
96 well plate] 10 mM tris buffer (pH 10.5) 100 pLE 7}
welloll 718k t}S ELISA readerE ©]8-3le] 540 nmell
AN FREE SHEAT AR FH7H= A8 di4l PBS
£ ol&ale] 919 FYs o R AFsen, ¢AlE
A3l &4 MTT assayet 53t 25 o]&3ste] YeERY
t}.
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X=zo| SHXE

BE A e FHFEETHARE AN, S
Z]2]= SPSS program (version 22, SPSS Inc., Chicago, IL,
USA)S ]85} E4HE4(ANOVA, analysis of variance)
2 rtest= EASIATH ST 7 AIEE 7H felA A
2 AABIAAL, AFFHSS Duncan's multiple range test
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2 AFolA e I ZE(CSWE)# des &
E(CSEE)?] & Zo|¥E S =743 A3+ Table 19
Uehd A3 7ro] z+zF 22.6 mg GAE/g, 17.6 mg GAE/g
2,95 FE2EY F ZYvE FH] Y8z =y
CSWE$} CSEE¢] & ZglH-ol= shake 7h7t [45mg
QF/g, 132 mg QF/gl2 &A= F Ze|vsd 2ol &
T FE=0| e FEE vE F St o=
| =4 YEPtH(Table 1), F ol A7AFo=2 Q17)7t
= w7 F E9s S A4S Lim 5o 93t
oprtolw ], EFulE], A, 27 & EEdE2

7}z 838, 12.1, 379, 192 mg GAE/gS a3t A,

o
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Table 1. Contents of total polyphenol and flavonoid of ethanol
(CSWE) and hot water extracts (CSWE) from Caesalpinia
sappan

Sample" CSWE CSEE
Total polyphenols (mg GAE/g)®  22.64+0.05 17.63£0.75™
Total flavonoids (mg QE/g)” 14.5440.30 13.15+0.46"

Data represent the mean+SD of three independent experiments.

DCSWE: hot water extract from Caesalpinia sappan, CSEE: ethanol
extract from Caesalpinia sappan

mg of total polyphenol content/g of sample based on garlic acid as
standard.

¥mg of total flavonoid content/g of sample based on quercetin as
standard.

“The marker (*) indicates significant difference between the CSWE and
CSEE by t-test (p<0.05)
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Nt FEES 5 FEEC w8l A wxd 44
DPPH radical &7 &AJo] fol3ozg =2 7oz e

%t} CSEE®| DPPH radical 47 %_“é% 10, 50, 100,
200, 400, 600, 800 ug/mL =X ZH; 36.5, 50.8, 59.4,
73.0, 79.1, 82.6, 82.8%= UEIRTE 80% olEHE AEFZ
£9°] DPPH radical &2A&4 235 ARG AFodA =
800 ug/mL2] FEolA 87.9%% ¥ AF9} FAEE Axs
HtHKang et al,, 2013). 28 {780 FEES o]&3)
DPPHE ©] &3} HAFATS A Aol X= 5mg/
mL ©]7%e] FEoA BT 50% o9 XJ}*&} H&l
FAIL 1 % ethylacetae 8 ZFo] 71 3
FHE HojF vk EFo] 7P W
o frAksE 475 UEfl A th(Jeon et a A
ATE A grebAl ] kst & i*}ﬂ A} BlLE
W, 28 25, vFE, A, vl 1474 Sol ¥
ko Ay, vlBhy, Tx, ) el HlEiA =
& BTG t(Lee et al., 2002).

= =

Inhibiton rate (%)
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Fig. 1. The electron donating ability of ethanol (CSEE) and hot
water extracts (CSWE) from Caesalpinia sappan using the
DPPH assay. AA: ascorbic acid, CSWE: hot water extract from
Caesalpinia sappan, CSEE: ethanol extract from Caesalpinia
sappan. Data represent the meantSD of three independent
experiments. The different upper case letters (A-F) and lower case
letters (a-c) indicate significant difference (p<0.05) among the
different concentration and sample of each extract by Duncan's
multiple range test.

e

ABTS radical &~7{ &4

CSWES} CSEE®] ABTS radical 27 84 =34 Ax=
Fig. 29} Zo] F A5 BT F57F Z715te] w2t ABTS
radical 227 €H/d©] v%@ai F7tehe Ao R YER S
H, RE A% FLo|A CSEE7l CSWES] H]s|
ABTS radical 227 &AL el o] DPPH radical /\74
a4 =8 A fAks %k%—% BT} 800 pg/mLe] &
Lo|A CSWEE 88.8%2] ABTS radical 2271 &84S UEl
Mew, CSEES 94.9%°] w2 &7 24% Yehith
W 2] 72 ABTS radical 2752 ZAMSEH Aol oshA
500 ug/mL2] FEolA ofateluE], 7 2], A, 2T
7} 83.1, 59.8, 90.5, 61.8%2] ABTS radical 2271%5< e}

WTHLIm et al, 2015). &5FF=-2 400 pg/mLt 600
ug/mLe] FEol A erEFEE0] 79.5%2} 94.9%2] A7
T Ho] R, URTE =3, oprfolHE b= fA}
A B e &

MTT assay

MTT assay= Aol A= AlE TLZE0E MTT7H
3950 formazan crystalo] A EE AEE FHEZE =
Al AxEAS ZA3= WoltJeon et al., 2009).
2 A-toA HeLa, Hep3B, A549 cello] disled MTT
assayE ©|&ste] AlX 548 S8 A3+ Fig 3% 2
t}. CSWE$} CSEEZ 400 ug/mLe] 5= H71etS o,
HeLaol| W3 M¥ 542 CSWE7F 90.0%, CSEE:
91.8%= TS Al x| tish Mx SR fFofHo=z
=7 Vel CSEEE HeLa, Hep3B, A549 cellol thal
AT TR BT I FE20 H& =& AE5A

Aa Aa Aa
Bbe —Abg
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Fig. 2. The electron donating ability of ethanol (CSEE) and hot
water extracts (CSWE) from Caesalpinia sappan using the
ABST assay. AA: ascorbic acid, CSWE: hot water extract from
Caesalpinia sappan, CSEE: ethanol extract from Caesalpinia
sappan. Data represent the mean+SD of three independent experi-
ments. The different upper case letters (A-F) and lower case letters
(a-c) indicate significant difference (p<0.05) among the different
concentration and sample of each extract by Duncan's multiple
range test.
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Fig. 3. Cytotoxicity effect ethanol (CSEE) and hot water
extracts (CSWE) from Caesalpinia sappan on human cancer
cell lines using the MTT assay. Cancer cell lines used were A)
HelLa (female cervix adenocarcinoma) cell, B) Hep3B (human
hepatocellular carcinoma) cell, and C) A549 (male lung carcinoma)
cell. CSWE: hot water extract from Caesalpinia sappan, CSEE:
ethanol extract from Caesalpinia sappan. Data represent the
mean+SD of three independent experiments. The different letters
indicate significant difference (p<0.05) among the different
concentration by Duncan's multiple range test.
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2oo] 714 5 FUEINT Hol B A7ATY Pol
8ol wE FHae] gk AolE B FATH(Lee
et al., 2007).

SRB assay

SRB assay:= 4o}l = AlE Tl dS GAste] A2
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Fig. 4. Cytotoxicity effect ethanol (CSEE) and hot water
extracts (CSWE) from Caesalpinia sappan on human cancer
cell lines using the SRB assay. Cancer cell lines used were A)
HelLa (female cervix adenocarcinoma) cell, B) Hep3B (human
hepatocellular carcinoma) cell, and C) A549 (male lung carcinoma)
cell. CSWE: hot water extract from Caesalpinia sappan, CSEE:
ethanol extract from Caesalpinia sappan. Data represent the
mean+SD of three independent experiments. The different letters
indicate significant difference (p<0.05) among the different
concentration by Duncan's multiple range test.

2009). CSWES} CSEEE 400 ug/mLe] T=% H7FsIi<S
], HeLaol] ti3dt A|¥ Z4-& CSWEZ} 90.04%, CSEE=
91.79%= ThE ¢Alxo] g ME SHET folFo=R
=7 Uehgth AEo e 55 Hela, Hep3B, A549
celldA] BF A5 FE20l val] 2 Al X54S B
St SRB assay= MTT assay$} &7 MEZA 2 AHE
2 Ao s dE| A E e o E M2 YIE
oA Aol7t Y AoE GHA o, B AT AL
43t HeLa, Hep3B, A549 cellolA+= & zol& Ho|x] ¢
Sk THBanasiak et al., 1999). Han 59 <& Hela cell
o]-g3ate] Akgo] YPBA S ZANG APolM = 2FEE
°] 110.7%°] A EZF2S FEF 21, chloroform F&E©
12.2%, butanol FEE°] 46.5%2] AEZEAS Ho]Fo
chloroform F&&29] 4ol 7 & Zif’—i UEbs T
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(Han et al., 2007).

DPPH radical 22453 722 itsl 43 Zevs 2
St o= S19tE 3 Atololl= fel gt Al Al
o] s 9ty A8 9 oFgAE o
ksl @498 Aek AolA = DPPH radical 227152
ZYE dgtle o FABATT oS Bt
(Choi et al., 2005). Kwak et al. (2004)& 3F=AF Wi &=
T, 717, &5 St xcl= 9% DPPH radical 47
of thgk IC,, &t Ateloll 9] aaA7 S FlskA
o} SR Eh E AollM e T EYulEd  FHREolE
o] ok A FEEAA O =2 AHE HAFIAS
o= B3}, DPPH radical 27453 78 3xksteA] 7t
A MTT, SRB 54 A 3S B3l & FdedL oehs
FEEC] g5 FEEC vlE] o =3tk Leed] A7elA
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