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Effects of Gamma Irradiation on Color Changes and
Antioxidative Activities of Caesalpinia sappan L.
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Abstract

Caesalpinia sappan L. is an indeciduous tree distributed in China, India, Miyanmar and Vietnam. Its
heartwood has long been used in oriental folk medicines to treat diseases. In this study, antioxidative activities
of Caesalpinia sappan L. and the effect of gamma irradiation on its chemical and biological properties were
investigated. The ethyl acetate fraction (EtOAc fr.) of Caesalpinia sappan L. was irradiated with 100 kGy
of gamma ray. The dark red color of EtOAc fr. was significantly (p<0.05) removed by irradiation (Hunter
L and b values increased and a value decreased). The total phenolic content of EtOAc fr. was 865 mg/g and
it was increased to 1195 mg/g by gamma irradiation. DPPH radical and superoxide anion radical scavenging
activities and lipid peroxidation inhibitory activity of EtOAc fr. were very high and its activities were also
increased by gamma irradiation. EtOAc fr. also inhibited the irradiation-induced DNA damage of lymphocyte
as determined by comet assay. In conclusion, EtOAc fr. of Caesalpinia sappan L. extract showed high
antioxidative activities in vitro. Furthermore, gamma irradiation on EtOAc fr. ameliorated the color and
antioxidative properties. Therefore, it can be suggested that Caesalpinia sappan L. may be a good material
for antioxidant function and gamma irradiation may be applied for the improvement of chemical and biological
properties of Caesalpinia sappan L.
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3714 AEY AF AaE AAPLAR 3t 55§39 A FrFska slok "R ohekat A FAkskA Eo] e
MR & 53 =He=d FdR Ao Atae AW o of gko} A 2 kA FA A F4EAe o
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#2412 A~ Z(Reative nitrogen species, RNS) 2 2 A 3k= o}, A EA o g ¥ —‘ES‘}% &4 FA3te3 2 FAEE 7t
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}atkz}ol]l 23t microsome % mitochondria 59 &7 & (6-9).
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’Corresponding author. E-mail: skjo@kaeri.re kr
Phone: 82-63-570-3220, Fax: 82-63-570-3229



SR 5leA] o bR ZAA QA &3 Rad bl
] A FAAA ol &9t s
A1 EAR 8] A7) Hofel EIH °i
{‘r%ﬂ‘:} 53] HZele Ad F
S22 AlE-3l7] HP

L

% d—?—é#ﬂ 5'——1-51 S{ii
2A 24 F4-x Al Foll vt
(10-14).

ZE-(Caesalpinia sappan 1) Leguminosaedl] <3t %
d #Eo2A QAR FH, T @i-e} FdopAlote
A, L AT shd &5 A¥E F brazilein®t

brazilin®] #3417 A&, FRALS, FE2HE, R
shatgat A RS S mdvt glgol maEgl e, &

Ho“ﬂ]/“]% o]H 2 Q3 gtk AAE AN, & =
* 7—}}— Za}d)) A3 grH(15-19). wheba B oA

E(Caesalpinia sappan L.) &5 7154 2AEA
A g garslgA wsts

=

%%6}71 Al et =4 ¥
el

AE(Casalpinia sappan L) A A (s
A& gk et A Fgisted o] &4
3 A8z A8-sgdd.

AE x% ol 52s5]

eFely ol zhzh 200 g el Wi o]ef 33}
mLE 7ste] 3A7F #ed FE3sct. o]
(Union 5KR Hanil, Korea)& ©]-§-3te] A=A
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31, magnesium sulfate(MgSOs) sodium sulfate
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T4 ) /‘dﬂ 407t Ci2) Cobalt-60 3=t ZAFAIA(IR-221
MDS Nordion International Co. Ltd., Ottawa, Canada)<
o] g3te] A-&(12+1°C)ellA A7t 10 kGy9 AZFE=
100 kGy®l FAa%ez ssqot Frazke] e
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5 mm, Bruker, Instruments,
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2] National Physical Laboratory(NPL) 74 ol] &3} &
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evaporator(EYELA N-1000, Japan)Z ©]-&3te] £ & A
Ag & -60°C WEnAA FA3}3, freeze dryer(lishin
FD5505, Korea) 2 o] -4-8le] A F E43lgdch Al
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o] &7]a Color Difference Meter(Spectrophotometer
CM-3500D, Minolta Co, Ltd., Osaka, Japan)& o]8-3}+
Nluminant D65 10° #Ad A FA st 7Ale &4 A
EEEy aEvges ZEINY ARl o,
Hunter color L( =, lightness), a(8 ¥ X, redness) % b(3}+
A, yellowness)E At 5A€ k2 Spectra
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Osaka, Japan)& °|4-3}¢] 7] E3}%ch
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Co., St. Louis, MO, USA) 0.2 mL #7}skar 23°Cell A 183k
SA A ATt L F 5% NaCOs 3 mLE 7}3}e] 23°CellA] 14]
7k wkx]) F 83333524 (UVIKON XS, SECOMAN, France)
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DPPH &}tz 24 3A A|f-2 7F A& 10 uLle) 0.15 mM
DPPH £9(99.9% methanole] &3l) 990 uL¥ & 713k &
vortex mixer® 103&7F A &sle] 30% F BFF=A
(Shimadzu UV-1201, Japan)E AH&-3}ed 517 nmel A &%
T2 &x 89t} AR} 5 (Electron Donating Abilities,
EDA)E Algd7hel 37179 F3 % 3 Aol g o
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Superoxide anion radical &7 &4 &3

A& 75 pL, 1 mM EDTA”} *39 50 mM sodium
phosphate buffer(pH 7.4) 75 yL, 0.5 mU xanthine oxidase,
WST-8(Dojindo Laboratories, Kumamoto, Japan) solution
75 uLE 96-well platesl] H7}ate] 187 Al-2ollA] <A 3}
Al At} 25 mM xanthine 60 nLg A71g ¥ 304l micro-
plate reader(Molecular Devices, USA)E- o]&3}e] 450
nm(ref. 650 nm) FAAA FF=F FA st Super-
oxide anion radical A &4 AZH I HE2TF] F
BE Aol E 2T FHEE o o] NEEE vt
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Rat liver microsome?2| 2|

Fz o] 7ko. 2 3E microsome 2]+ Hogeboom<] "
@D we} A5 Eev o2 dlglen, BE 222 0~
4°Ce A2-ellA Astelct AF 2 e AEE 1L 09%
NaCl 4] o] 2~33] A% 3}3 {2 & NaCl §-4-& A
A F AAHste] 1 g ¢ 4 mLe] 4589025 M su-
crose)s 7HeF vhg 22 7] 5 AMEste] 4°CellA] FA 3
stodel, Fd3hA whalgl 238 9,000 x goll A 2087 A&
AdE Aok o] 7E 105000 % goll Al 1A17Y &

22483 FPES JFgoE2N 7E AlxY 718
A Aol AR microsome 32 At oL 015
M KCl buffer® #4217 BCA Protein Assay Reagent kit
= oA AHukg gt 3 10 mg protein/mLe] HEE 4
Ao g FAMsle] ~70°Cel HIs}sdch

X EopsMst AN 2o 5 iy
Potassium phosphate $+3=-8-21(50 mM, pH 7.4) 740 uL,
premixture(0.8 mM FeSOs, 2 mM ascorbic acid) 200 uL<}

microsome(10 mg protein/mL) 50 uLE Y3 oek-&of 54l

A& 10 uLE 92 F 37°CellA] 1412 59k WA el wb
Solofl 209% TCA 49 250 uLE- 7}sle] uk-g-& A=A 7]
% 19 TBA 49 250 uL= 7}s}a 100°Coll A 1537k &4l
% 5000 rpm o2 5% FoF A F-E sk A F3
EE 532 nm FA ek 2 Az A akE A2
2ol W3 A5 A7e] MDA A A AEE ok
A} zro] AbEshelch
Lipid peroxidation inhibition (%):ﬁxm
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As: A 83 H7H v 3=
Ab: A 8¢} Fe*'/ascorbate S 7F8HA] 942 blank?] F4%

HiARMO| olal FtEl DNA &4 &3
2% gl =70 whabd FAbe WAk F et e &
M3t irradiator(Gammacell 40 Exactor, Nordion

International Inc., Ontario, Canada)& o] 8-}y ®'Cs-yAl
(Aekg: 114 Gy/min)2 2 Gy9] A2 13] ZARSoh

Yz A 24} 3 DNA $8-8 ebalr] $ske] A
719 %& A3tr} AR £2CE 218k} 5 ZTF DNA

&4 AE+ Singh $(22)9] W] £33t At

0.6% normal melting agarose(GIBCO BRL; Grand
Island Co., NY., USA)7} 12l ¥ Frosted slidee] WA =
A} B Z 2 05% low melting agarose(GIBCO BRL) 75
uLe} E3ste] o] 5 AR F coverglass® YL 4°ColA] 10
27 23 kg lysis buffer(25 M NaCl, 100 mM
NazEDTA, 10 mM Tris base, 1% Triton X-100, 10%
DMSO, pH 10)ell 1417t 5t AlZE &A1z AlEE
A7199 5224300 mM NaOH, 1 mM EDTA, pH>12.3)
slell ] 2087 A XA A DNAS ekrpeto] Ea)A] 3 of-g
25V, 300 mA°A 2047 o] & A A A71dE-&
Alsiact oL be] g F3A17]17] A8 tris buf-
fer(0.4 M Tris, pH 74 % 33] AlHsle] &elo]l =g F34A
7132 DNA7} &eto|=e A 3td 4= 9l =2 ethanolel] 1412k
ARtk o] =s AF A F] & ethidium bromide(20
ng/mL)E 43 F Al£2] DNA &4 =5 CCD 7hgt
7} 32 s n A& At A8k, o] vl A A
= 2 13 (Komet 4.0, Kinetic imaging, Ltd., Great Britain)
S E3) B3l DNA &4 T H5kd DNA 7hetbo]
o] =3}o) A A tail 4ol tail length(TL; ym) =+ tail
19} tail | DNA =}3 (fragment) ] F& 523471 o}
s} 742 Ao 7 AOlg = tail moment(TM)E Hrebgl e
, TL 2 TM 3tel Z718<E DNAZF &8 Wo] e
gt

Tail moment=(tail mean—head mean) X tail %$DNA/100
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Table 1. Comparision of DPPH radical scavenging activity
of solvent fractions from gamma-irradiated Caesalpinia
sappan L.

kGy Fraction ICs (ng/mL)
CHCI3 2339
0 EtOAc 0.71
n-BuOH 99.8
H20 250<
CHCIz 250<
EtOAc 0.61
100 n-BuOH 527
H0 250<

Bol AujAY-E Fal AR A=k 100 kGy
mwfﬂ F, Bl zALE AR AR

F3te] Table 16l Yrehligdch 2 Az}, 4714 571804
& 2 EtOAc #3 E9 Axpyoge] dAF Eohom,
2 f7) 8 B Eele AT EA ] A A
t}. Shrishailappa $(23)9] A&%dl il sH4ks gAd oA
7b B3 Eo g 24 =& CHC(>1000 pg/mL), EtOAc
(171 png/mL) &olglem, & A2 ICx kel o o} ok
apol 7} Q)i A gt A dx|ste] B Ao] Aj}stAl B3t

& o 5= glglrh o] F9 A= {78 EEE
Z 714 FAe] =2 EtOAc +3 58 A 8= A43hdr).

A= EtOAc 2282 & o= &zt Y Mxtof chst Zot
M z=Abe| =3f

Al BAle] dE] EAleE dEA RFES oA diEE
2 o|Fe ZHE F2o vlel BR v ArHeRE
41719 el wpe} el o2 X #r]e] 9k 93]
oz} 5t 5 BE F o 2 xS ok
g} 28] Zaluolm 3 ks B4R oA glch
7oA zA) dabstg ol mlAlE g 2ALSL7] $18he,
AAE EtOAc 3529 Zuld zA}d wh & & =& 3
W55 Table 20 Vel th &% EtOAc +8 &9 % 7
E ke v zAE) 865 mg/g‘%lf—ﬂ Hbal, A= 1195
mg/gl B AR R Fo8HA F713HE 2 tH(p<0.05).
ol2]dh A wpapAlel o8 dEA BHgHE AL o
Z Qs AT 3tekr Zr1El9dc). o] 72 Beaulieu £(24)0]
oFolell 2 kGy9l #AetAlE A=d A F dw Tkl
Z7lslg e B} # f;}fﬂu} i% EtOAc #3 &2 Zhvt
A z2A AFe Axusts S A, 24 F H =)
£ 465904 9372 71 /i 2 el abeds) 9reae

vehd-S ghalslgd 3, M (ah) e 531904 1628 F4
3] Wojg oy A% (bzh)e] Z-$elx 767004 1312 ZA}
Zol Z7lstedch w3 F AR AN = A xe] 2 W3}
7} A& #ald 4 qlgdrh

25 EtOAc 2& 22| DPPH =2icjzt 2~ =1}

AR g 242 A e gdo] AAE Foste] A4t
& AT 98-S st AlE W A A4S A
a4 —:—i‘r‘ﬂﬂ]’ﬁ}*&—% HE 2 o] &5 3 girt weia £
"—r_]?ﬁ oﬂ/q LA %xl_,] B2 /\] okoi oA &} free radi-
calel DPPHE o]g-3le] A% FHES HAAFATE FA
stolvh(Fig. . 2 A3, A &9 F=r} $71d45 DPPHe
3 AR5 r Fhsks A% Ballow, vEA AR
Tol| w)&] zlebal F=AF A1 BT AT o] Fe F=(04
pg/mL, 08 pg/mL)elAE §938HA F713t tH(p<0.05).
o] A& Wkt & EALE A 89 #EEgHEe] Feke] St
gtx} B-ghete}, gt 2 EA T ascorbic acid®} v &
o AA FEAAH dzEARC) o] ¥ AApFdsS 3
g 4 9]9lx ¢|e]§ A= Shrishailappa $(23)°] 238+
Aol ol 3k¢it} Kim 5(25)2] =4k A 559 A
Aol 2R Ao}l vlashd, 300 ppmo] FEol A Aok
(86.6%), 5 5H80.4%) 2 27| xH85.7%) 5-8 A5 yEh
QAed 28 5259 49 8|2} F25F 50 ppm(89.5%)l
A o e ARE el &5 FE2EL Arpgelsol
AFvda] ":’50} A ghatstal o] o] 4-7kx7} sl AR Azt

19 Mookey m100kGy |
80 | *
— L *
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Fig. 1. Electron donating ability (%) of non-irradiated and
irradiated EtOAc fr. of a Caesalpinia sappan L. at various
concentrations.

EDA (electron donating ability)=[(1—absorbance of sample
treatment at 517 nm/ absorbance of control treatment at 517
nm) % 100]. "p<0.05 compared to non-irradiated EtOAc fr.

Table 2. Hunter color value, and total phenol content of ethyl acetate fraction of a Caesalpinia sappan L.

Hunter color value

Total phenolic content

Irradiation (kGy)

L a b AEY (mg/g sample)
0 465+0.01 53.1+0.01 76.7x£0.01 865+1.40°
100 93.7+0.01" 1.6+0.01° 131.0+0.01° 88.47 1195+2.16°

U gE=OQverall color difference [(AL)*+(da)*+ (4b)*"%

"p<0.05 compared to irradiated EtOAc fr. of a Caesalpinia sappan L.
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Fig. 2. Superoxide anion radical scavenging activity of non-
irradiated and irradiated EtOAc fr. of a Caesalpinia sappan
L.

Inhibition (%)=[(1—absorbance of sample treatment at 450 nm
/ absorbance of control treatment at 450 nm) x 100].

*p<0.05 compared to non-irradiated EtOAc fr.
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Superoxide anion radical 2aHEA

A8l AbslA Eale] =3 2214l superoxide anion
radical(-Oz )l 8t EtOAc —:—5—] €9 #Al& xanthine/
xanthine oxidase HH-5-7-&- ]88 WST-8 v o2 Ay
Bkt (Fig. 2). EtOAc 3 &2 % 2]&44l superoxide
anion radicale] ok 427 &A-8 Jepgdc} =3 ¢4 3
AtgbAlel BHTS} vla A] 5% 2 kg wal u]$3t A
< veErsleh A7 50 pg/ml 0] 4k F=edl A= 609%
ol AAHE viehigich w3 Ak ZA BT &
Aol mlZAL Almel vlE oA o R F3hoHp<0.05).

| &nptst oA Zof

A WA A H = Fadst A" 45 Zad lip-

oproteing AN T ALTE s ste] FA 24 Fol g

Ao A lipocin® 2 A F o] AEXIF FEstr] ¥
23 $A S RS fiske 5 B e ES o
271 Ao delx 9 th26). Fe¥'/ascorbate HF-27] ol 4]

microsome-s 7| 2 o]-43}e] nbAE = MDA2] oFdl gk
EtOAc #3E9] JA&3E Fig. 3¢ vehiglch o A3
ARe 52 Eden 5L 2 aiats) A as)E ve
Wslo, gt hakslA ol BHTS v 28-S o v)2=gk A
=9 8448 B 5 gk =3, vk 2AA 579 A
ZF 04 ng/mL$} 0.8 pg/mL FXoA] v ZAL Al BTl B)&)
Aoz & 48 Vel ok p<0.05).

S Z X7 |1H S (Single-Cell Gel Electrophoresis:
Comet assay)
EtOAc £3 &5 H71ste] widst =35 HJ*W
g 2 DNA 9715 At w3 deke
%A 3}9] Fig. 54 Vel 2} o /‘Vd e
=

Moz

jow
AR DNA 1S AT el 58 ;,ke.
oy

[+
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Fig. 3. Lipid peroxidation inhibitory activity of non-irradi-
ated and irradiated EtOAc fr. of a Caesalpinia sappan L.
Inhibition (%)=[(1—absorbance of sample treatment at 532 nm
/ absorbance of control treatment at 532 nm) < 1001

*p<0.05 compared to non-irradiated EtOAc fr.

Fig. 4. Fluorescence images of lymphocyte in single cell gel
electrophoresis.

(A) Typical control cells with no induced damage; (B) cells with
2 Gy of gamma-irradiation; (C) Cells and EtOAc fr. treatment
(10 pg/mL) with 2 Gy of gamma-irradiation.

301 *
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100 kGy

Fig. 5. The inhibitory effects of Caesalpinia sappan L. on
DNA damage in the mouse lymphocytes induced by 2 Gy
of gamma-irradiation.

NC: Normal control, RC: Radiation control (2 Gy).

O Ethyl acetate fraction of gamma-nonirradiated, B Ethyl acetate
fraction of gamma-irradiated.

TM (tail moment)= (tail mean—head mean) X tail %$DNA/100].
*p<0.05; Significantly different from radiation control group or
non-irradiated EtOAc fr.
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o £AFS ukx] ok Akl A ZE AR AzEE 4y
2] ofat-g Vet sl vh(Fig. 4). A5 FZFolA] whabalel
2]gt DNA 97bt Aot A 25 233 A3 226(+£0.38) %
A 272 3.85(+0.15)¢ vl fr]H o2 FrhE ot
(p<0.05). EtOAc #3%2] DNA 971t At A== 156
(+028)2 WhAbA tz=Fol vl f-od JAEAE Blct
(p<0.05). EF WAL AR B 7S v 2AL Al BTl B3]
o] wo] JAFE Falshsdth(p<0.05).

%Y

(@] oF
i =

2 AP AE 2% A¢FEES 40 &4 L3
2 EtOAc ¥3 &% 7Hx 3 Zhvkad 2AH100 kGy) 3 - 4
A} wshe} garstaAl A wEE Frlsksich B
2A 2% &) £3} £3589 A" EtOAc ¥ &l 7t
A& 24100 kGy)E DPPH 2ht)zt 4784 oA 47}
4-7]-g-v]] 23 E (chloroform, ethylacetate, n-butanol, H20)
% EtOAc #3 &9 AA-g%5 ICx Fto] ulEAbT-oF 24}
T 247 071 2 061 pg/mLE BA3F] Fhow, v]zAb-o}
ZAVE Z7F 385~915% 2 45.7~94.8%°] el # A&
Qe woy AT FAo] A ek w3 Febd =
AH(100 kGy)3F EtOAc #3829 A wiste d =z 2
FAE(bghe] AS- 2AF F F718E ub, AN T (agh)= 3
25tk & dE ek v AL 2ARE 22 865 2
1195 mg/g2-2 &4 F folHa Aol & Blth(p<0.05).
Superoxide anion radical 2784 A3 oA EtOAc £8 %
o] wl Ao} ZARE 247F 163~847% 2 202~925% %
ZAVFS] superoxide anion radicaldl] ¥ A &A o] FA
et 3 A74E 50 pg/mL oAbl FEo A= 60% ©f
Arel A% vehligleh A1 zhaksl oA Al oA EtOAc
13 Zo| ulzARF A 77 146~856% 2 195~
93.4% 2 ZAFTS) A A At & A At A
et gl a A7HEE 04 pg/mLet 0.8 pg/mL F =14 = H]
ZA} A& B8] fodez o FAEL el
(p<0.05). Comet assay= ©]-2% EtOAc ¥3 &9 DNA #
o] &3 Aol A] AF PEZ A walade] <&k DNA #J7t
o Agd AEE 2T A3 TM g2 AN zTlA
3.85(+0.15)e1 9l 3L WAk Z=ARES] A 5- 226(£0.38) %
7 = 9el. b 2ApA 7 AgA e 75 10 ug/mLel)
A ZFF 156(+0.28), 12.01(+0.31)E4 DNAS] $j71<t A
o el f-ol gk JAETAE FAIL 5= A Hp<0.05). o]
gt Al AE-9) FAAE F brazilein, brazilin, gallic acid,
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