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In vitro antioxidant effect of tartary buckwheat extract against
titanium dioxide-induced DNA damage

Yoon-Seo Song and Soo-Jin Choi’

Department of Food Science and Biotechnology, Seoul Women’s University, Seoul 01797, Korea

Abstract

Tartary buckwheat (Fagopyrum tataricum), named for its relatively bitter taste compared with common buckwheat, has attracted
attention as a functional food due to its superior nutritional value, characterized by substantially higher levels of rutin, total
polyphenols, and total flavonoids. Titanium dioxide (TiO,), widely used as a food colorant, remains controversial because of its
potential genotoxicity. When used as a food additive, its toxicological impact may vary depending on interactions with food matrices
or other nutritional components. This study evaluated TiO»-induced oxidative stress and DNA damage in intestinal cells. Furthermore,
we investigated the inhibitory effects of Tartary buckwheat extract (TBE) and its major bioactive compound rutin against the
oxidative stress-induced genotoxicity. The results demonstrated that TiO, generated reactive oxygen species and induced oxidative
stress that led to DNA damage. Notably, TBE, which possesses potent antioxidant properties such as rutin, mitigated the oxidative
stress and subsequent DNA damage. These findings provide foundational data on the potential genotoxicity of TiO, as a food
colorant and on the protective effects of antioxidant compounds against genotoxicity.
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Ae I I9E Ad HAY & FEHE, Afdat o=
7HEE W F WSl 24 B WAy 28H JEE, Bof
Klole} ogzlo} B2 Aelo| A Wi, ue, 40, ThAT 5ol
H =2 AH|E3 QItHuda et al., 2021; Ranic et al., 2025). H]

ME

WY (Fagopyrum esculentum)2 T}t Z(Polygonaceae)T}o] <5}
= IEAER T AL 53 A A8 ZEZ Aujd &1t of

Uzt AHg R 9 AR 5ol opgsleto] Afehs mEAE (cover
crop) == o[ Hh S5 E5Fe EHIEZ} dAtA| o)A, A=)7E
o] 60~80YE AS3lT &3t 7| 5oA] Auli=]n, Hulst EoF 24
M= & A2t S/, SYOFAIok ForoL FH] 5 A AlARlA
de] Aul=]ar Tk Worthing et al., 2025). S-8-57} ZoJolAlolo]]

Hojl= ZE(rutin, quercetin-3-o-rutinoside), F|ZA]|€l(quercetin) &
FALSE AJE3} D-chiro-inositold} 0] Ql&d A5 AES 73}
Ued AP 7iAdoha IS £dske =B 48 2 I
of ehad, Hlekel B, B, Aolig 5 ot RS T
9543 9Ith(Zhy, 2016; Huda et al., 2021). wepA] WL ot =
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4, HEF O, g 24, Tt dlis 9 715 B4, A7 T4,
ThololE, ite} 3 9% 59 HHow 9y HF =] gt
(Nakamura et al., 2013; Zhu, 2016; Huda et al., 2021).

& v (Fagopyrum tataricum)y L8t HART £7|7} 7Heal £
o] A7k AL, & s|dejok Abl, S APAA 5 AR oflA
et S A A2l 4901 A0, Fagopyrum esculentum
I} 22 o] Ealo] &3t} Ayt wU R &9to] 7Fsf| 2 wdo]
2t =2, HEe] A 71573 3EQ rutin o] AN HhH T
oF 40~1008 oA} & Aoz A QltHAubert et al, 2021;
Song et al., 2022). T3t ¥ E¥|ulE 4 & E2tE ol Jgo] A
v R 455 w2 A0E HiE glo] Bret sk 7t
Aot gy Yol ‘1 F& & ZgEaL Itk (Mazahir et al,
2022; Jha et al., 2024).

AEZA7HER] oA ENE(TIO) EJERT} A7} Hkg-51o]
BAEE ABLER, AF ARRIoA WA of SFE1S: zol= APAHA|
(coloring agent)ZA] AW, 7, Ak, A9 2w, 23, A4S,

a9 S Sol ABEITL itk TIoo AiH o R Washe
77 284 R Zeld, st W BBsH e B9

A9 4 Qti(Irshad et al., 2021). TiOy= 1966 H]=A1Z9]
(United States Food and Drug Administration, FDA)S] 21 CFR
73.5750] whe} AFolA ARgo] AFOR S7IEQloH, AEY F
FF %5 20| FEF AT ITHEDA, 2024). 2008 0]
= SHA3KEuropean Union, EU) #7(Buropean Commission,
EC) No. 1333/20089] w2} A1&=H7H=E E1712 591 Hf Itk
(EUR-Lex, 2008). L&}, 20219 5 A& (European Food
Safety Authority, EUR-Lex) E1710] T3t oba4dS Ajw7fstod,
AR SRR 1AL AR 5 glom 200d AETL
E249] AMS FAISIGTHEFSA, 2022). 3HH, in vivo A 5%
A1) Ti0,9] QHEAC et Take AR R} WerstA] Qo
uj= FDA, 7fyth B A (Health Canada), G+ A1E&7|&3(Food
Standards Agency), 3 - FHAE AlE7|EH(Food Standards
Australia New Zealand) ¥ $-2|UgofA= AZ-71EZA] oFdA
of EAI7F gl Ao& Tesial QITHFSA, 2022; FSANZ, 2022;
Health Canada, 2022; MSDS, 2025). £3|, A|ZH71E2A4 AR A
AE UEY HE PR FoAE b 59Tl &
2+ 4= QlthJo et al, 2016; Jeong et al., 2025). ZHHA]| Ti0,2]
ABIAEH A §83} in vitro F5/30] St A 2 o]
716730l izt Aaks 27 B g uf glo, &g Ao ozt
TiO, -FA=4 st avo] disid= Hag | Qi

A, B A ois AEH7HEE Tio,9 EE|sishd 544 &4
= 7[Hto 2 AT ABIAEF A o] 2Rt DNA &4

19,
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AEE yolal, 29 FEE(Tartary buckwheat extract, TBE)Z}
ol9] 4 71543 AdER! rutin®] 2§t TIO, F ASAEFH A Yl
SUEA A5} GUS ATHALA SHch

=

HY & FEZE HE

2 Aol ARSE LU (357852 (Pyeongchang, Korea)o]
A 59Tt 29 10 gof] 70% oflEk2(Samchun pure chemical
Co., Ltd., Pyeongtaek, Korea) 200 mLE 713+ 5| 40Cof|A 30&7t
%23} Z(Bransonic 5800, Branson Ultrasonics, Danbury, CT,
USA)Sto, 4CollA AR (14,000xg, 208) & A2 FsHe
TBEZ ARESFATHYu et al., 2018; Jin et al., 2020).

b
0

EH
(=]

AMERIEE TiO, EY 24

A
T 7 g8 AU AE7EE TO, (T3, T4 ARAZSE

WAZ7I7F 2 S8 22 248 247 st Hwang et al,
2019). TIO, YAR= A ZA 1 mg/mLe] FE2 distilled deionized
water (DDW)°]] 3047t stirringsto] 4F &, 58 52t 220t A2
(160 Watts, Bransonic 5800, Branson Ultrasonics)s}o] ARE-5}T.

Ti0,9] 4 A 27| 9 HAFE HAAGET FARIARRARZ
(field emission-scanning electron microscopy, FE-SEM; JSM-7100F,
JEOL, Tokyo, Japan)O& FA5}ct. 7HL H|0]IL(5 mmx5 mm,
E-SONG EMC, Seoul, Korea)”} H&H whE(Specimen Mount,
JEOL) 9] TiO, (20 mL, 0.1 mg/mL)Z 2|1l A-LofA Az
g %, AE HES 30 B PYPAE FHSIO] 15 kve] 74 AY
oA FE-SEM o|u|A|E Z=51%tt TiO, (0.1 mgmL)9]
A FsH4 274 (hydrodynamic diameters)y}t A|E} Z19)(zeta potentials)
= Zetasizer Nano A|Z~El(Malvern Instruments, Worcestershire, UK)
= ol83to] 242} 52 Bkt (dynamic light scattering) ¥t %1719
= A (electrophoretic light scattering) © & DDWe} AT HF
o minimum essential medium (MEM)O||A Z}2+ 22513t} TBEQ}F
rutin (Sigma-Aldrich, St. Louis, MO, USA) 245} TiO, YR}S] /A
oJ}2] M2, rutin $57} 142 mMo] SEE H7bsle] 24519
=4, ol A7 rutino] HlZ=/dE YERA %= E=olthJin
et al., 2020).

Rutin 2 quercetin &2 &4

TBE W rutin 2 quercetin (Sigma-Aldrich)9] TS FA7] I
E(0.45 pm; Advantec®, Toyo Roshi Kaicha Ltd., Tokyo, Japan)=

2
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of73t F, high performance liquid chromatography (HPLC)Z
diode-array detectorS 0]|-&3}o] BEA51 11784+ Supelcosil™
LC-18 (250 mmx4.6 mm i.d., 5 pm, Supelco Inc., Bellefonte, PA,
USA) 292 ARESHe] | mUmin 4522 20 uLE FUSIAL,
methanol (Daejung chemical & metals Co., Ltd., Siheung, Korea),
acetonitrile (Samchun pure chemical Co., Ltd.), 2.5% acetic acid
(JT Baker, Phillipsburg, NJ, USA)YS 1:2:7 (v/v/v) &2 235t o]
O 350 im TN FHES Zsle] ARGk

£ 22N ¥ 5 SANCOC HY 53

TBES] & Z|8|& =82 Folin-Denis®H(Appel et al., 2001)°]]
w2} 2435199k TBE (80 pL, 156 pg/mL)o] 50% Folin-Ciocalteu
A19K20 pL, Sigma-Aldrichy& 7Fsto] F4oflA] 587 HESAIY &,
2% Na,CO; &H(100 uL, Samchun Pure Chemical Co., Ltd.)Z 7}
5la] 305 5ot hAollA 2]2]51e] microplate reader (SpectraMax®™
M3, Molecular Devices, Sunnyvale, CA, USA)Z 750 nmoj|A] EF

= S45I3itt & ERlvleY] AR tannic acid (Sigma-Aldrich)
< BFEERE ol8% BEFACERE ALRSIgith

TBE®] & &2t 1=0]= 72 Zhishen et al.2] HFE o
w2} 2A5}93=d|(Zhishen et al., 1999), TBE (50 pL)°l 5%
NaNO, 8HK30 pL, Sigma-Aldrichy& 7}5to] 5E7F 9kSA71 5,
2% AICL-6H,0 £9H(60 pL, Sigma-Aldrich)2 A7}s}o] ko)A
65 ZoF ¥RSAIATE 1 N NaOH 89(100 pL, Duksan Pure
Chemicals Co., Ltd., Ansan, Korea)2 750} 1187F WESAZ1
=, 510 nmo|A] FLEE =459 SpectraMax® M3, Molecular
Devices). & ZTHL0|E9] SIFS (+)-catechin (ENZO Life
Sciences, Farmingdale, NY, USA)S HFE22 0]23 HE2A10
ofgl] AltstFlet. 4719] & A¥ H5F TBE W rutin TES ¥l
o2 olgsigint

A

A X

09t

Lh=t S
TBEQ] 3Hiks} &AL 2,2'-azinobis-(3-ethyl-benzothiazoline-6-
sulfonic acid) (ABTS; Sigma-AldrichyS ©]-&3lo] 24319i=d]
(Lee et al., 2013; Lee et al., 2015), 10 mM ABTS €93} 10 mM
Kp$,05 8HE 7.42.6 (viv)Q] HIERE TR F, 37C LAolA 24
AIZF HFAIA ABTS 2heizee A1, Q1A12R5-§ 9 phosphate
buffered saline, PBS)C & 734 nmoJ|A4] 0.65+0.029] &3 7} %
5 3|A5}3{th TBE 50 pLol 31413 ABTS 2tz -8 150 pLE
7Foto] A2 daolA 3027t HESAIZ]AL 734 nmof| A FFEE S
A5}k SpectraMax® M3, Molecular Devices).

2,2-diphenyl-2-picrylhydrazyl (DPPH; Alfa Aesar, Wardhill, MA,

gk
i
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USA) 2t 475 24900 oJ3t TBES] 4t} 24 Eot 576}
H(Lee et al., 2013). =, 600 uM2] DPPH 2918 H|ghgo] A%
3t 5, 80% (v/v) HERH-E o]-85}9] 517 nmOf|A] 0.65£0.029] &35
L7t E&=& 3]A45lgic}. TBE 100 uLe} 31415 DPPH 894 100
uLE Egboto] aoflA 3087t HEEAIXT F 517 nmof|A 3=
£ Z2435}9tH(SpectraMax® M3, Molecular Devices). TBEQ] @4k
3} EAJ& L-ascorbic acid (Samchun Pure Chemical Co., Ltd.)o]| 3f|
el SastEon Yepolr. Avle] = A% T TBE
rutin S W@FOR o] sHick

M HH

Caco-2 AT AEZFE SHEA|EF25Y(Korean Cell Line
Bank, Seoul, Korea)of|A] £9F Hlo} 10% & EEH4J3} fetal bovine
serum, HYAZ(100 units/mL) L AEHER]A(100 pg/mL)S
373t MEM (Welgene Inc., Gyeongsan, Korea)ol] 5% CO,, 37C
2719) AR IlA Hshc

HNEZ=M

Caco-2 A|ZOA Q] AAF A3 E=AL water-soluble tetrazolium
salt-1 (WST-1; Roche, Basel, Switzerland) 4502 H7}s}9ic}.
Caco-2 A|F(1x10* A|3/100 pL)ef] TiO,S TS = TBES} $1A] 24
AE Attt FAL ke 292 pg/mle AgPAS-Eve] 7|Hkst
of thaat 2ol AAsigitt: FEARE A 7|9 X ARG AU
595 (20733 F] (100 mL) (Mudie et al.,, 2014; Kim et al., 2021).
TBE &fe= A2 Al=/do] UehA] %= s== Adsi%ie
g, rutin o 71 14.2 mMO]| o, 22 0] HFEE rutin
2 H]1 RFEOZ o851 tH(Jin et al., 2020). WST-1 A]2K10 uL)
S H7Y5}1e] 4x7E B9t HjSE &, microplate reader (Infinite® M
Plex, Tecan, Méinnedorf, Switzerland)E- ©]-8-5}10] 440 nmoj|4 &4
& 2Aelelc), AESAS 3 5 RS b SRIndyslol
BoREHAE YERAGIH:

i

HE U SEMAS M4 U BMSIEL B4

AE W A BAJAZreactive oxygen species; ROS)S Al
9+ =314 2" 7'-dichlorofluoroescein diacetate (H;DCFDA; Molecular
Probes Inc., Eugene, OR, USA)E o]|-&s}o] E45139L}. Caco-2 Al
F(1x10* A|F/100 pL)of TIO,S W= 2 6A|7F A25HAY, TBE
FE ruting: 18A]7F AA 85kl TBE E+= rutin £A510] TiO,S 6
AZr A2)gt 5, B]&334 H,DCFDA (20 uM, 100 uL)yE 715t
Aol A 3087 WESAIZITE. PBSZE A4t &, A3 W] esteraseo]]

3
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ofsf] ZopAEalE]al ROSO} ¥EESto] FgZ UEti= dichloro-
fluorescein (DCF)E excitation T} emission I 212} 485 nm@}
535 nmojA] 243519 K(Infinite® M Plex, Tecan).

ABIAEH AL X HEZA] catalase (CAT)Q} superoxide dismutase
(SOD) B4 A|Z(1x10° A|Z/2 mL)o]| TIO, S TEO0 & 6A7F A
25144, TBE E= rutin 184]7F A1x]2l5}1 TBE = rutind}
7 TOE 6417 A=I3t %, 22} CATS}F SOD 24 kit (Cayman
Chemical Co., Ann Arbor, MI, USA)E o|-83}o] ARAIS] T2 &
2ol we BHSIG BE APS MR T ABYL oA 52l
(n=3)3te] WABEZEAR Ueholct

In vitro 38l 2X(comet assay)

Caco2 AE(1x10° A2 mL)o] TiO,S Th% HeJspAL, TBE
EE ruting 18A17F AA]2]t & TBE F= rutin £4) 5fof| TIOS
6AIZE F7F eZ AL, FRUETLE H0; (100 pM)yE ©1-85131
t}. Ethylene-diamine-tetraacetic acid 228 (5 mM, 1 mL)S 40% 5
ot A2slo] AqmE 355t A2E A4 Eefstal A7k PBS
Lollo]] Fel(1x10° A|3E/1 mL)3F &, R&D Systems (Minneapolis,
MN, USA)2] CometAssay” kitZ 0]-83}o] A ZARR] T2 EZo| u}
2} 25190tk XE£4 07 Axioskop 2 plus FFE1]731} Comet-
score 2.0 OJu|R] EA] AT Eo](Carl Zeiss, Oberkochen, Germany)
£ ol83lo] Comet Sefol=o] theh TAE ofw]z] £A5 59
comet tail®] ZolE Z74sl3loH, A DNA F tailo] 2HA|[Sh=
DNA WE-8(%)2 $A][(tail Y] DNA 9%/ DNA 9H)x100]°] A
Sto] &3 Comet 242 30k & AAS thA] ERl(n=3)
Sjof BHERRAZ ekl

=AY HlolH s BT HAR H71613] 2 H, Statistical
Analysis System A E|o](Version 9.4, SAS Institute, Inc., Cary,
NC, USA)E o]-gsto] AUHlA] F4HE4(one-way ANOVA)S A
AJsleith 7 2 710) 901 AHE Tukeye) THEH)EL A%E o

p<0.05 FEAA LABH
Z1 9 2%

TiO.o| S2|staty £4

% 71 AER7NE Ti0,0) TAHYA % WOk FE-SEME o]
slo] Bafat A7), 790 BAe woros WART, BE 7
QAT 7= T3= 160.1427.6 nm, T4= 120.3+24.1 nmE ZFE]
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QIth(Fig. 1, Table 1). 3], T39] 7% 100 nm ©]|7He] YX7} &k
FA] A7 100~200 nm 2717} 99%E /35l Gl Ao VRS
9, T4 100 nm9] YA7E 17% EReto] JRRERE] 9lofA]
o7} Q= o= SHEQIT &, T37F T4o] HIsto] YA =
717k elAo® o 2 AS EAT 4+ AUt Hwang et al,, 2019;
Jeong et al., 2025). W=z Aofol W= Fat JA=719] 50%
ool 1~100 nm ol sfgsfor i FREITHEFSA,
2016). o]t 7] H]Fo] & ul, & Aiks AFH7EE Tio7t
ool S 28e olulslel, ol HeET YAlss
Z3}o]tiHwang et al., 2019; Jeong et al., 2025).

% 29| $Aleist 1AL DDWSL AZHF ZAg Telet
MEMOJA| 217y Z7451510m, = &4 W& DDW &4k A|Eh
MEM 805 34 FASE 390 o Bk Ao
2 Upehgoi(Table 2, p<0.05). o Aol o) Tl ofuie

@
=]

O Pty
S T

C 160.1 + 27.6 (nm) 1204 + 241 (nm)
. 50 _ 50 {
2 a0 ]
§ 4I]_ 540_
£ 304 E 30
= =
2 20 220
$ g
10 4 10 -
"g 0 - E 0 +——F+—+—+—+—F—
80 110 150 190 230 80 110 150 190 230

Diameter (nm) Diameter (nm)

Fig. 1. (A, B) Field emission—scanning electron microscopic (FE-SEM) images
and (C, D) constituent particle size distributions of food-grade TiO; particles
(T3 and T4). Particle size distribution was analyzed by measuring 100
randomly selected particles from the FE-SEM micrographs.

Table 1. Average particle size and size distribution of food—grade TiO,
particles (T3, T4) measured by FE-SEM

Distribution (Number %)

Average size
Sample G
{100 nm  100-200 nm  )200 nm
T3 160.1+27.6° ND 99 1
T4 120.3+24.1° 17 83 ND

Different lower—case letters (a,b) next to the values indicate significant difference
between TiO, particles (T3, T4) (£X0.05). ND, not detected.
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AHE 1S 5 TS IR IO AR ARE St A
ol &t (corona)E FAH7] Wl A= HHEITH(Peng et
al., 2015; Grife et al., 2016; Jeong et al., 2025). $HH, TiO,2] -F-A
A5hA 272 DDWS} MEM X70]A K5 TBE £4 Al #2914
o2 I/ oW, tino] EAE B¢ o4 fadsks Aow
HEFETH(p<0.05). ©]+= rutind} /Jo2H8-2 F5f TiO,9] &4t QFY
‘do] FE ¢ AZ= 9JvIskH, rutin®] capping agent® 28510
7] WA he gkt A8 Avaaket dx|gttloo &
Chung, 2019; Labuz et al., 2019). $HH, Ti0,2] FA|H5H4] 2]70]
FE-SEMO] 93t A UAI=7] the] A S71ste] S AJHl=
Ak Zog Uepdon, ol ddaog AZolu A4 o
e a3 SHAE EARRS Rt

TBES| 7154 AR U BMSIE 24

HPLCE ©]&3sto] TBEQ| 8 7157 A=< rutin 34, H|
W Aot W rutin 3-glucosidase®] 2180 & rutino] E3[% 0] AJAI=]
+= quercetin®] SFFS- EA519 ) 1 23, rutind} quercetin $HEF
Z¥ZF 229 ppm}t 19 ppmOZE A Q1 1(Fig. 2), rutino] FH
7154 ARos 25kl 98-S FRIstItHJin et al., 2020).

E3F TBE= @AMt 8-S o Aot e Z0E d2A
o] & EevlE @ F EThHolt e BASISIH: o,

fo r

Table 2. Hydrodynamic diameters and zeta potentials of TiO, particles (T3,
T4) dispersed with TBE or rutin trihydrate in DDW or MEM

Sample Z-average size (nm) Zeta potential (mV)

T3 only 303.3+4.1% -35.840.2°

DDW  T3+TBE 316.2+0.5% -37.8+0.9°
T3+rutin 280.1+2.4% -30.4+0.6°

B T3 only 454.6+2 5% -8.7+0.4°
MEM  T3+TBE 490.9+3.0% -104+1.3°
T3+rutin 407.0+5.1% -88+1.9°

T4 only 293.0+5.2" -37.4+0.7°

DDW  T4+TBE 310.8+0.9% -33.7+0.1°
T4+rutin 276.6+3.0%° -30.7+0.8°

M T4 only 412.2+2.4% 97413
MEM  T4+TBE 429.7+1.7% -10.3£1.7°
T4+rutin 372.4+7.8% -6.8+0.5°

Different uppercase letters (A,B) next to the values denote significant differences
in hydrodynamic diameters between TiO, dispersed in DDW and that in MEM
(££0.05). Different lowercase letters (a~c) next to the values indicate significant
differences among TiO, only, TiO; with TBE, TiO, with rutin prepared in either DDW
or MEM (X0.05). TBE, Tartary buckwheat extract; DDW, distilled and deionized
water; MEM, minimum essential medium.

https://doi.org/10.13050/foodengprog.260034

A 250000

]
@ 200000
o
= 150000

100000

y =4645.7x - 3073.5

50000 e R? = 0.999
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B 400000

100000 y = 6745.6x - 6439.2
o R2=0.999

0 10 20 30 40 50

Quercetin concentration (ppm)

O

Concentration (ppm)

300
250

200
150
100
50
0 |
Rutin Quercetin

Fig. 2. Standard curves for (A) rutin and (B) quercetin, and (C) the
quantification of these compounds in TBE by HPLC.

rutin®] E2|¥lEA EefH o]t SRMEo|HR, HPLCE ATet
TBE W rutin oof| sjgsh= 532 ruting H| 0% ARSI
ok 71 A3, TBEQ| & EdjHls ¥ & Eehi wo|E T] rutin
tiE] oF Ledf R 138 2 A o= LER(Fig. 3A, B), TBE Ui
rutin 9] g ETlE ¥ St ol HES0] EATS ¢ &
Qlth(Jin et al., 2020; Vieira et al., 2022). TZ o]t TSt =
S @ BepRieo]= o] og LCMS 4 7] mzne]
9 @7} SUElolol T ACR HIlK,

SIS} 02 ABTS 2 DPPH 2Ozt 2758 24
TBES] 2tz 4750 rutin TfH] ZHz} oF 2.0 9 1.5H]
Ao & Yehg=H|(Fig. 3C, D), ©] HA] rutin 9] & 7154 4
£°] ABTS ¥ DPPH 2}tz £7%59]| 7]ofslil Q152 Hol&

i,
2

by hl}-F
Ar rlo

N

TBE?Q| TiO, R ROS dd Xal H &itstz

4 &% g1

k>
L]

AT ABHAE TiOy AL 7] 23 BEe] 292
hgmL7HA] AES AsfElAG ABE St R Aow
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Fig. 3. (A) Total polyphenol and (B) total flavonoid contents, and (C) ABTS and (D) DPPH radical scavenging activities of TBE compared with an equivalent
amount of rutin standard. "Denotes significant differences between TBE and the rutin standard (£{0.05).

R %] O U(Jeong et al., 2025), & A4 TiO,2} TBE =
rutin?}2] Ao 2R AlZ=/do] wX|e J3kS Al A3l
ollA F7F B7belgitt. 11 A}, = 7HA] TO, T A9 Al(HE
kel MEM 27)9F TBE T= rutin?} 3] 24417 AT 3$-
L5 N2 AoiE FokA] SkTHFig. 4A, B).

S, TIO = A2 W Jhof M35 Adsta, 339 A
SR} HR1] SHZE-S 55l ROSE AB/dsto] F5m) AT
ol= AoF & UHA QJ=H|(Etacheri et al., 2015), H|ZEF0]|A
& ROSE A/golo] ABIAEHAS fH6l:= Z10= g vl 9]
tHDorier et al., 2017; Hwang et al., 2019). 7|54 Al8ES0] 24
9] AgH= A A F-8shthe L 1LEsto], TBEE
AA Tt & TiOLF T 6A1%F B39 eEAIA A f ROS 4373
52 v Fig. 4C9} DojlA] Bol, T39h T4 B4 15 73
pg/mL ool I o]&2 0 ROSE AAJ5I o, TBE E=
rutin?t T Z{2] A] TIO  2JgF ROS A/dE°] B koAl o
ZFAE $F07 G973 07 ZAsIATHp<0.05). °]= TBE E
£ rutin°] Ti0,9] AJAEEAol JJF v A] FOHA|(Fig. 4A, B)
ROS A4S BIHH 0= Agffol= 2O, TBE Ei= rutin®] A
o} 2dat T o] = AC=E HIItKFig. 3).

TiO,0l 9Jsl /9% ROSE £A5E7| sl Al f H4tskas
B4Jo] Z7FeR=A] BRISIIAL, CATS}F SOD f4 BAJS BA51
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t}. Fig 4E8} FolA] HEo| & 71%] Ti0, THEX]E] A] CATS} SOD
a4 GAo] tE tiH] FoJH 08 F718I3 A (p<0.05), TBE E
+ rutin?} A A2 A FAkekRA BAo] TiO, TEATTtET
FolF oz B S71ITp<0.05). 53] TBES} 7 A2 A &
Aeta s /o] 78 =A S50, utin &] T2 HJEEE P4t
3} gitof| 7]ofsl= Ao & HRlth o|#gt ZAil= TBES} rutin®]
FARFEA0] SIS PRI RN A} 715S IRk 4]
A og HolZrH(Lee et al, 2013; Jin et al., 2020; Li et al., 2024).

TBES| TiO, & DNA &4 <X st

Comet £41= o]-&slo] = 71 AE37H TiO, TsA o] 9
3t DNA &4 o158 B7lsll=t, ol A H719E Al £/44=]0]
AHE DNA £7F50| & R & o]sto] g4 A2](comet tail)
1S F45oke YEE ol&sk= 7ot Comet +44-2 HAA|
ol Aoy A% ARz}t Ee] DNA &4 A o= S4%
o], 27| FAEES Briek=t 183 o tHNam et al,
2025). Fig. 5014 Bo], T 7}x] AE347HE Tio, B5A 0 9
Sf}4 DNA tailo] -§-2]2 02 F71567|= Sh(p<0.05), T2
H,0,°1 2J3t DNA tail /o= Hes] 22 202 Leyit
APAToA AEE H7HE TO, (T3 & T47} A=t &40 =
OISt lactate dehydrogenase 820} Al|3ZAE (apoptosis)S Lo}
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Fig. 4. (A, B) Effect of the presence of TBE or rutin on cell proliferation inhibition caused by TiO; particles (T3 and T4) in Caco-2 cells. (C, D) Intracellular
ROS generation and (E, F) CAT and SOD activities in Caco-2 cells following pre-treatment with TBE or rutin and subsequent exposure to TiO, particles.
Different lowercase letters (a~d) above bars indicate significant differences among different samples ({0.05). "Denotes significant differences compared
to untreated control cells. TBE, Tartary buckwheat extract; R, rutin trihydrate; MEM, minimum essential medium; DCF, dichlorofluorescein fluorescence;

CAT, catalase; SOD, superoxide dismutase.

] = Ao K% H} Q] O T g (Hwang et al., 2019), & I5Lo]
A} 2% DNA 4R apoptosisol 2 23] DNA hta}} of
4 T0.0) Sf7t HgHel 4 2L AR Tio,] )
5740z QIgt ROS /g3t o]z QIeh A4 DNA /42 ofH]
B 115 v} Qltk(Jeong et al., 2025; Nam et al., 2025). SHH, TBES}
rutin EA5}0] TiOof] I3 DNA &4o] Fojd o= sl
g, TiO,of| 93t ARIAEF A {3 T EsH(Fig. 4C, D), TBE
o} rutin®] FAteFAol| 7|Q1et A0 2 HItkFig. 3, Fig. 4E, F).
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