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Antioxidant functionality and cytotoxicity of Terminalia bellirica extract
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Department of Food Science and Technology, Seoul Women’s University, Seoul 01797, Korea

Abstract

Terminalia bellirica, a deciduous tree belonging to the family Combretaceae, is a traditional medicinal plant widely used in Southeast
Asia. However, information on the bioactivity and safety of T. bellirica is limited. This study aimed to investigate the physiological
activities of T. bellirica extract, focusing on its in vitro antioxidant properties. We evaluated the cytotoxic and genotoxic potentials
of these compounds. The results revealed that the T. bellirica extract contained high levels of polyphenolic compounds, including
tannic acid. In vitro and cell-based analyses confirmed the antioxidant activity and reactive oxygen species-scavenging ability of
the extract, suggesting its potential as a functional agent. Furthermore, the extract did not exhibit cytotoxicity or genotoxicity at
actual intake levels, as assessed using water-soluble tetrazolium-1 and comet assays. These findings suggest that T. bellirica extract
can be safely used as a functional antioxidant.
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INE= Mot & ?zf“@o]% HH] %}3}, A A&, = 95 i
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Terminalia bellirica (ElP|U=2]ol HWlglgl7he Hlol|thbaheda), HEXoZ AREE| o] YPTHDeb et al., 2016; Gupta et al., 2017).
H|5}tH(behada), |2 (beleric) = HIAELE wlo] 2 @2 (bastard J3Y T, bellirica®)] 0]} Z-& AR %5 w){‘,ﬂ’ﬂ Sl st
myrobalan)© & GHA Q= AR Combretaceae)o]] &= A ZA Am= AgEaoH, | EojXok in vitro W in vivo 5729
SRR, HoAlola} BolAlole] Bolet e Qo] E5 B A JASE B9 W 2 Y 7 BT, A ¥E Pehe JA
o+ oH, 71242 ZPujETHMeena et al., 2010; Bhanwase et = o gJo} Z-8-5 735} tloket AEskA W okEjskA] fo] o
al., 2023). AEst P2 Terminalia bellirica (Gaertn.) Roxb.0] 1, 3t A9/} Ba1E)al Qltk(Latha & Daisy, 2011; Dharmaratne et al.,
oy, mp|AEL U, HrEElg A, A S SYololoA 7+ 2018; Tanaka et al., 2018;Patra, et al., 2020). 7. bellirica®] ©]2|3t A3
A} 2#H k8 A& 3 sluo|tHAyoob et al., 2014; Gupta et al., &AL glucoside, tannins, gallic acid, corilagin, ellagic acid, ethyl
2020). °] LF-9] 2k& §52 Unani, Siddha @ Traditional Chinese gallate, galloyl glucose, chebulagic acid 2 arjunolic acid 5-2] TH¥stH
Medicine 5 TFeH A& 25t A Ao 7|E=|o] ATHAbraham et el ko] TElo] Q7] WEoE o AT Kumari et al,
al., 2014; Sharma et al., 2021). T. bellirica®] Z, Y5742, G, 2017; Kumar & Khurana, 2018). 12{L} T, bellirica®] AE1&40] of
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B AME T bellirica 2EE0] PP E3] 3pAlkst &
ol 23 Fol AT A|lZpEoA Atstalat siglom, 5
8 B B8 ARsE 9 IAE A58 HgotaAt st

At

= U

T. bellirica &

T. bellirica= RGO AR50t 70% OEhE(10 g/200 mL)
2 40TCOJA] 30:7F bath sonicator (Bransonic 5800, Branson Ultra-
sonics, Danbury, CT, USA)E o]-85}o] &3] ARSI

Z280] 2 Zagls g=ES Folin-DenisH(Appel et al., 2001)0]
olslo] BASIITE &5 80 uL (156 ug/mL)o]l 50% Folin-Cio-
calteu A|2K(Sigma-Aldrich, St. Louis, MO, USA) 20 uLE 7}slo] &
AOJA 58 59t HESAIZ] & 2% Na,CO; (Samchun Pure Chemical
Co., Ltd.) 100 uLE 7Foirt. 3027t oA HESAIZ] 2of| mi-
croplate TH=7](SpectraMax” M3, Molecular Devices, Sunnyvale, CA,
USA)E 0}831o] 750 nmol] SRS 2sloick & Eelsol
S1FS tannic acid (Sigma-AldrichyE ¥FE4E o|-gafo] T&3t
EERo R ARSI

w2t 245199tk &5 50 uLol| 5% NaNO, (Sigma-Aldrich) 30
uLE 715t TR, 55 3 29% AICL; - 6H,0 (Sigma-Aldrich) 60 pLE
71st0] daxollA 6371 HESAIZATE ©% 1 N NaOH (Duksan Pure
Chemicals Co., Ltd., Ansan, Korea) 100 pLE #7}5to] 115 59t
FREAIZL 510 nmolA FBEES S7sIchSpectraMax® M3,
Molecular Devices). & Z2}R-0]=9] SFE (+)-catechin (ENZO
Life Sciences, Farmingdale, NY, USA)Z EFEZE oldslo] =&
o EaEuAlo e A, & B2 9 § Sehiols
F 274 BF 539 curcumin (Sigma-Aldrich, >65% curcumin
W AES W dheros olgslel vlmI,

225 0.1 go] 15 mL distilled water (DW)E 7}5}11, $=8%0]|A]
0 52t SEote] 7Hget & AHED(1,200xg, 208513t A5
A 0.1 mLo] 7.5 mL DWE &7}5}k1, 0.5 mL 1 N Folin-Ciocalteau

(98]

210

(Sigma-Aldrich) A]2F} 1 mLe] 35% Na,CO; (Sigma-Aldrich) &
A2 719t DWE ol§3lo] 5 10 mLe] R} =S A2
% 3027 9SAA o] §] SFES 700 ol AT
(SpectraMax” M3, Molecular Devices), tannic acid (Sigma-Aldrich)
HEZEHZ 0, 5, 10, 20, 25 ppmO= AH|X3t & FUL PHOo=
Bale] A% BERHO RN F580 5 Sl YRS

SAts 2y &%

e

2,2'-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS; Sig-
ma-Aldrich) S o188 3289] IS B 2L T3} Zo] 1
SPSIHTHLee et al., 2009; Lee et al., 2015). 10 mM ABTS?} 10 mM
KoS$:052 7.4:2.6 (vv)2] HIERE TYJE F, 37C FAoflA 2447F
53 HESAIA ABTS 2Hzg /s, AkE-8H(phosphate
buffered saline, PBS)°.2 734 nmof|A] 0.650+0.0209] S4=7} &%
= 5|Aj5Hch 222 50 uLo] S5 ABTS 22 89 150 L
£ 71510] /d20] fanoflA 3087F BEGAIY] F 734 nmojA] S8
£ 24519ItKSpectraMax™ M3, Molecular Devices).

2,2-diphenyl-2-picrylhydrazyl (DPPH; Alfa Aesar, Wardhill, MA,
USA) it 27458 R4jsto] 28] Push BHE 25
PATH(Lee et al., 2009). Z, HTHE=E 600 pMe] DPPH §HZ A=
St F, 80% (v/v) HERES 0]-85}0] 517 nmOjlA] 0.65+0.029] S5
7} SIES DI, 7 322 100 uLo} S}4IE DPPH 8o
100 pL2 Egtsto] anolAf 3087t HHSAIX] & 517 nmoj|A &
B2 =459 HSpectraMax® M3, Molecular Devices). 2} &
9] FAksE EAJ-2 L-ascorbic acid (Samchun Pure Chemical Co.,
L)l st PSR Yepon

M| ZEHH 2

2 AFOIN A8 ATATHEL Caco2 AFE FRAES
2Y(Korean Cell Line Bank, Seoul, Korea)olA] E9Fgro} mini-
mum essential medium (Welgene Inc., Gyeongsan, Korea)oJ|A4] BjoF
stolom, 7t vixlol= 10% & E8/d3t AefoFd%(heat inacti-
vated fetal bovine serum), HU-AZ(100 units/mL) L AEFEnfo|
A(100 pg/mLyS 71510 5% CO,, 37C Z7A2] AlLug7|of|A
st

MEsZE ehitet st

A3 U EAJAAZ(reactive oxygen species, ROS) 2742 AL
ut =314 2" 7-dichlorofluoroescein diacetate (H,DCFDA; Molecular
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Probes Inc., Eugene, OR, USA)E o]-&s}o] 451t} Caco-2 Al
H(1x10° AI2/100 pL)E vigste] F2E0] 21A2F A & 200
UM TRABKREA(H,0,, Sigma-AldrichyS H7lst] 3A17F YESA|A
% 2447} viekatoiTh PAHR O ZE curcumin AE(Sigma-Al-
drich)Z o[-&5I%%=H], AHIAoA AlL=/do] YEhA] k= 10
ug/mLo| FE= ST F 2441 % A2 F 7} wellof] 20
uM H,DCFDA 100 pL-& A7}st0] 3087t Qhaol A vRSA]7] ),
dimethyl sulfoxide (Sigma-Aldrich) 100 pL 715107 excitation T4
485 nme} emission T 535 nmoA F3FS =751 K Spectra-
Max® M3, Molecular Devices).

M3E Y JASIa A catalase (CAT)2} superoxide dismutase
(SOD)9] &AJS CAT E4 7|E(BioMax, Guri, Korea)2} SOD &
4] 7]E(Cayman Chemical Co., Ann Arbor, USA)YS o]-&s}o] ZHz}
EA5IT) Caco-2 AIE(1x10° A 22 mLYE &2 21412 A
2] 3 200 uM FABIEGA(Sigma-Aldrich) S H7}5le] 347 vRS-
K7 % 24421 sIgick 5 71 AskEL BELS ARl
mEEgo] uet 38k BAESITh PHGREOR 10 pgmLo)

curcumin AE-E o|-835}o] v w5kt

HEZ=d

Z2ZE9] Caco-2 A|ES] st BAIL water-soluble tetrazolium
salt-1 (WST-1; Roche, Basel, Switzerlandy2 ©]-8-5}0] A|EZAIZ}; A
3 a2 G151k Caco-2 AJZE(1x10* A|3E/100 pL)yS BjYSH
T 2ZE9 717} 6A7F T 24417 B9t A4 Asr). 94
AR SLSHA 6AIRE AR B HARA] 89 mix &
A SS9 mix, -S9 mix)o] wet H|w H715FtHLee et al.,
2019; Kim et al., 2021). S9 mix+= S9 fraction (rat liver S9 homo-
genate in KCI, MP Biomedicals, CA, USA)¥} cofactor (Cofator III,
Genogen Co. Ltd, Cheongju, Republic of Korea)E 2:4.79] H|&Z2
Yol HF = 1% XSG, PAEHAS B7H1o] 6
Ak iRt A, 89 mixo] OJg RS G AT 9
3o} o2 A7 T 18412 5t F571S £ AT WST-I
AOF 10 uLE 242t A7FSKL 4412E 52k HI9FsE 3 440 nmo] A
Z3% = microplate reader (SpectraMax” M3, Molecular Devices)

£ ol83l] ZAster.

o
FU=d

Caco-2 (1x10° Al32/2 mL)ol| 28-S AJ2Joto] 6417t Hi= 244]
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2t 3 ASAER & PBSE A3t PBSO| Al&]t 5 mM
ethylene-diamine-tetraacetic acid &% 1 mLZ 40z 529 A5}
23#5E o] g3f st ARVIA d3Fe B7Ist] Sist
o] 6AIZE AJZJA] S9 mix EA] -FEH+S9 mix, -89 mix)of| wh} B
I 0H, S9 mix AZ|Rt - 18AF E7]E il comet &
A2 AYsIit. 23 5E ol8slo] 3Rt AIEE YA st
of A7k PBSO]l ThA] @EH(1x10° A2/ mL)sH3Ict. Ra54d &
AZETOZ 100 uM IKISKEAE 0]835]19ick. R&D Systems
(Minneapolis, MN, USA)9] kitE o|-85}o] A|FARS] TR EZF]| u}f
2} comet #42 SIS, AIE AEAS A54 Tt 1:10
(viv) HIE=Z 317 %, 75 pLE comet 0] =0] SA] AA5IRA
T} 0| E5 4T 9] of 2 204 3087t WA[sto] Ak (gela-
tion)A|I7] F-, 4T 2] 7R lysis §Aof| 225ttt 1A[7F =+ lysis
SAS AAKL, £20|=F pH 13 o)) ] &Hof 3027t
A2 oA Asiqitt. e §AS AATT &, SEolEE
4T 9] FAelA 20 V, 300 mAS] 27O Z 40 5t 7| B 5515
th EElo|=E 37 SRR AlHSkL, 70% ofgk=of sE7F A
g 5 AFAA 49 oA 100 uL CygreenO & 308 5t
s}t ulAeto g, &2o]=S Axioskop 2 plus FFEW A
Cometscore 2.0 o]Ju|x] E4 AIXEo|(Carl Zeiss, Oberkochen,
Germany)E o]-8-5to] EA51tt. tAE 4|02 comet tail®] Z
ol ®AISHL, tail Ul DNAS] ¥WlE-E(%)= AASIITHtail U
DNA % % DNA o0& e Zh.

SHEN
DE AFATNE gig+azuas Jehf9om, Statistical

Analysis System L& T3 (Version 9.4, SAS Institute, Inc., Cary,
NC, USA)S 0]&5}9] one-way ANOVA 4 & Tukey’s tests
olg3to] Aldwdt 2] o442 p<0.05 F=olM A st
et
AT

s
e RN T
g EdiE, & SolEL0|E X 3§ BN 2

7. belliica 3%20] SRS v B934 Y Ao
K v Qlo] & ETjvlsnt & St |t T EA518
11, 738l A Z&3tF curcumin AlE(65% ©1A} curcumin TS F
AHIEAC = o &5I31th(Fig. 1). B2 FH Aol ElvlsR
2l curcumin®]A|qt, 1 ©]9] curcuminoid?} L5 ETtHo|= A
£ E3F 835kl QUtHFuloria et al., 2022). L AT}, curcumin A|

EHCH T bellirica 3E20) § B¢l A foj o2 v}
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Fig. 1. (A) Total polyphenol, (B) total flavonoid, and (C) tannic acid contents
in 7. Belliica extract. Curcumin was used as positive control for total
polyphenol and total flavonoid contents. * Denotes significant differences
between 7. Bellirica extract and curcumin (£X0.05).

ATk AR 0] BT E T e AR Uehte
W, T. bellirica 3259 & E¢}H 0]|= $FFE curcumin AJEH
Tho} 135 2202 §OH0R e o HHHIthp<0.05)
%, T bellirica 229 ¥ E2vs T tH] § E2tilolE
ol of 23%% FAHU=T, ofHRt F¥E T bellirica®] F=
$o £5 9 P Auglo] 4F BUS LA Aot
(Arya et al., 2012; Rakholiya et al., 2015). SHH, & EdAl SR
& ol % 5 Bepuiol= S o] 27} 1053} 155 S
o7 Be Aog BAH, o] AA| 7] HirH FAF} YA|sh=
Zo|tHArya et al., 2012). &, T. bellirica FE5E5 S8R 0|E
oF BhdAl 22 Zejnfsg 9 ROz Rl e & &

Ut T bellirica 220 S Evs ¥ Sk 0=

R ro o

212

AA 2ol tigt 94 R AT ole dE ARid A
g Tl et A7 5 28T Aojtk

M

A X

o

oo
g
I

FAFS)

T. bellirica 222 A8 = AT €442 ABTSS} DPPH
2 &7 B42 ol8sto] B7IsIL, 2o &7 840
Z A curcumin AlES FHHEEL R oSt 1 At
T bellirica 3252°] ABTS & DPPH ]z 47%50] golg|glo
™(Fig. 2), YR curcumin AET} FASH HLo] dAls} &
e HEs1al Q= AeF HRIth T bellirica 3259 IALsH
A= A9 EdoAx E1% H 1O w(Dharmaratne et al.,
2018; Tanaka et al., 2018), ©]+= Fig. 19] Ao HXo] t}aF9]
Zevls B Eoholt SRRkES oHohal Yl A A
7} 9= Ao HoltKHazra et al., 2010; Lobo et al., 2010; Eliza-
beth et al., 2017).

MZ3=Z reactive oxygen species (ROS) AHs
2 gtslgs 2

AT Caco2 A|ZOIA TRkl HElo] ofgt ROS 9

A . sw
L
L. 700 A
o
£E *
28
8D 5 |
)
8 E an -
= ©
85
B 20
-
2% "
2 o
< _I'F T. bellirica Curcumin
~ extract
B 5 20
o
cE #
‘G ® 160 -
:“
55
o] 120 4
£
- T
Sg
- T
Be
o
o o
n_Q
Qs ©°
4 . bellirica Curcumin
~ extract

Fig. 2. (A) ABTS and (B) DPPH radical scavenging activities of 7. Bellirica
extract compared with those of curcumin. * Denotes significant differences
between 7. Bellirica extract and curcumin ({0.05).
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B R ZFQl curcumin A|EI} T, bellirica F2=9] 2J3t ROS
A | Bt Al £314d H|g3 H,DCFDAE= Al

X oA esterase T4 O3] 7R aEl=d], ROS £A] A
2’,7’-dichlorofluorescein (DCF)& A15lE]o] 342 Yelli= A
£ olgslol 24t 1 A3 THIskea Aeiol] oj3 W
ROS7} PAI2Z curcumin AE0] o) §oH02 AR A
S BRIGIAIL, T bellirica FEE9] % 19.5 pgml oPd9] &=
oA ROSE 2z 208 Al AR UeiriFig
3A) (p<0.05). Curcumin A1E0] A7) %%(10 pgmL)7} T. belli-
rica 2Z520] $-912 ROS 245 Kol 19.5 ng/mLECH e

>

DCF fluorescence intensity
(% of control)

@ + Hy0, (200 pM)
Concentration of T. belfirica extract (pg/mL)

B &

B 5

£2. :
5 20 a

- b

2 c

o 10 -

L

(=] 31

(o]

U'I 0 B

Control Curcumin 0 19.5 781 156.3
+ Hz0; (200 puM)
Concentration of I beflirfca extract (pg/mL)

C 10

)

E & 4 a a a
= b

2 6 b b

2

2 4

-

&

2 -
'—
3 .
Controd Curcumin 0 18.5 78.1 156.3
+ H;0; (200 pM)

Concentration of I beflirica extract (pg/mL)

Fig. 3. (A) Intracellular ROS scavenging activities, (B) SOD activity, and
(C) CAT activity in Caco-2 cells incubated with 7. Bellirica extract in the
absence or presence of hydrogen peroxide. Different lowercase letters
(a—c) indicate significant differences among non-treated control, curcu-
min-treated, and 7. Bellirica extract-treated cells (£0.05).
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A& 1o PPUERAETE W2 ROS 4274 B/ Holu,
T. bellirica 3Z50] =& 9&A 0 & ROS AA A4S H 85l
e & % Uk

SHH, ROSE A|AsH] 918 /gsle FAlstateA di#s
Q1 CATS} SOD &4 i EAol9th. CATE IHBIEAS &
T} AAR Bofloks IS, SOD+= superoxide ZHZHO, )= A
SRt AT WA= TS S1) oM ROSE It A
SIAEHAZEE Holsh= IS $HKNandi et al., 2019; Jomova
et al., 2024). Fig. 3B2} Co|A] B50| T. bellirica &2 A 2|5t
A%, sl o) fEE ROSE AASH] 98 CATS:
SODS] F4o] B SJEHOR FrS A0 Uegteh ol
ABTS 2 DPPH 4A% ZAiFig. 2)2 WA T. bellivica 3ZE52°
A} 7158 Kol Ayfoltk =UiollA T bellirica 552
7167 AR EEstaAt sk Ak oFF] 7] ©HAlolY, FHAtst
71578 Y] 7ol 7|diEth

ME=H

Caco-200A T. bellirica F&2°l 293t M=ZAR Ao ais
WST-1 B4108 B7HlsickFig. 4). 2 AKHS Y] Hj5E ARH
S 1S AR A 9E =EE I 47 F 7R 2H0R
Agsidet B3 tiAEP S AXEA 49T A=t 29
UCEZ 6AIZF =E0] - thARA S9 mix EA 7ol wet
Al As axE vlaskle 1 23, 520 6AIRHS9
mix) ¥} 24417 20 739 77} 78.1 ug/mLi} 39.1 pg/mL 5=
AR AZAgo] felF oz 7Ask(p<0.05), 156 pg/mL oiF
9] FollA= HlZAEE0] ule- Wlth(Fig. 4A, C). BHE, tiAe
g7 ZAIBE 6417 HE|A(+89 mix)9] 7, 89 mixE H7ISHA| ¢
& 73 o] Al Ash A7 delEo] 625 ugmL o139 &
Lol oA Al As adtE UehIth(Fig. 4B)(p<0.05).
ofeiet A¥k= dAAA EAISE T bellirica 552 H|3E=/do]
ol 2= 9182 oJnsl, 9 mixo] EAJek= tlEZA 2 FA
S ATAE = tAREPYolA Bl ofRt RS} 5o 719
3 2 0& HoltkSoares et al., 2006). =, TIPS AXHA T
bellirica F+22°] /0] Wold A& §5¢ 4=t} Y, i
% T bellirica F2E°] N2/d7d Asl adte oo Eejv=
k95t Q)7] WEo 2 HolH, M=% 9] curcumin Y catechin 5
Edjvls SRIEEC] AlZs4de U 4= A30] v ==oilA
7] Ba15 v} Itk Sueki et al., 2019; Monika et al., 2023; Lakshmi-
narayanan et al., 2025). 737152502 EX2EE0] dYAXH
o] (-)-epigallocatechin gallate 7]& 300 mgo|1l, =91 Bt =54
55 kg& 2125 °F 5.5 mg/g 0= BF7FE|EE(MFDS, 2021),
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A 10 DNA T FLX 21E DNAYF 47| 9% 7oA A Hlo g o]
£ _ 10 5519 comet taikd F/JoH= HHH, SAJEX] 2 DNAE Alzet
58 w] ol &5to] comet headE Aok Yeloltt. F45/3A1RS] &

c *
"—; g T B AEEAo] 55:5%0] o2t ST YsheE Ansh
5% Z(OECD, 2023), 1563 pg/mL, 625 pg/mL 2 1563 pg/mLE 6A]7F
3% : (59 mi), 6A1Zk+S9 mix) R 2441259 mix) Hek2e] A7 55
e I 2 27k 5o, 1250 ugml S50 A9 BHE Yo

1] 9.7 19.5 39.1 78.1156.3 312.5 625 1250
Concentration of T bellirica extract (ug/mL)

Cell proliferation [
(% of control)

0 97 19.5 39.1 78.1 156.3 312.5 625 1250
Concentration of . bellirica extract (pg/mL)

Cell proliferation ()
(% of control)

1] 9.7 19.5 39.1 78.1156.3 312.5 625 1250
Concentration of T belfirica extract (pg/mL)

Fig. 4. Effects of 7. Bellirica extract on cell proliferation of Caco-2 cells
after (A) incubation for 6 h without S9 mix, (B) incubation for 6 h with
S9 mix, and (C) incubation for 24 h without S9 mix. * Indicates significant
differences between non-treated control and 7. Bellirica extract-treated
cells (£0.05).

Z T bellirica 259 N|ZEAL Zojds 8 H3F 52004
£ g o2 HQlth
N =)

71578 R ARG aAlR AREY] Al RAsAdl ik /F
;ﬂ* @E t ZAo|u g, AlEpEolA v’ﬁ%"éé comet F42
DNA tail 4 o5 7161300, FdHEC= IHASE
= 0]85199tk Comet AL thA|T A A7 %‘ﬂ(smgle—cell
gel eleCtTOPhoreSIS)“ ol-g-sto] A|zofA HHS} ¥l DNA7} of55}

XJEE 1_—|°}°1 DNA _,JOPO :1_240}£ H]—I:HO]I:]-. o] EJQ‘HLQ
24351 DNAZ} 271965 TF9o 273 DNARIE o] Bl ofs

Stt= QGelof 714k Cordelli et al., 2021). 2, HAAE 1 Hoks

tg

I3} ofw]A] Tao] E7Fs3t & dEsto] Alelslirt. Fig. 5014
H2o] 6A1ZF & 244171 AE)tof A R ThARA|(S9 mix) EA)
20k 419 Sho] comet witg BAFHA P AR e, T
bellirica 3Z50] DNA £42 JHI5HA] oF= 7o g ol Qic}.
TS/ EASAHOIAIY, FHAVIAIR H ATAIY Al 7?*]
2HE FTPolo] 482 TSR & ATl AR Ay

comt 4 B3 U580 712 2 A .
bellirica 20| O3t 7] TA19] 7|4 A7t F&

S olF1 3

Control H;0;

60 b
50 4
40 4

39.1 pg/mL 78.1 pg/mL 156.3 pg/mL

%DNA in Tail

Control H:0: 39.1 781 156.3
Concentration of T. bellirica extract (pg/mL)

Control H:0; 78.1 pg/mL

156.3 pg/mL 312.5 pg/ml 625 pg/mL

%DNA in Tail

Control H;0; 781 156.3 3125 625
Concentration of 7. belffirica extract [ug;’mL)

9]

Control H,0;

39.1 pg/mL  78.1 pg/mL 156.3 pg/mL

%DNA in Tail

Control H.0, 39.1 781 156.3
Concentration of T. bellirica extract (pg/mL)

Fig. 5. Effects of 7. Bellirica extract on DNA damage after (A) incubation
for 6 h without S9 mix, (B) incubation for 6 h with S9 mix, and (C) incu-
bation for 24 h without S9 mix. Different lowercase letters (a,b) indicate
significant differences among non-treated control, H,O,~treated, and 7.
Bellirica extract-treated cells (0{0.05).
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