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ABSTRACT
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) This study evaluated the toxicity of extracts from the husks and cobs of purple corn (HCPC) using
Revised: 15 November 2021

an in vitro chromosomal aberration test in Chinese hamster lung (CHL) cells. Experimental
Accepted: 16 November 2021 o155 were treated with — S9 mix (6 h), +S9 mix (6h), or —S9 mix (24 h). A dose range finding
study was conducted by setting the concentrations of HCPC extracts to 156, 313, 625, 1,250,
2,500 and 5,000 pg/mL. Consequently, the —S9 mix (6h) RICC™ value was 1677.76 pg/mL, no
cytotoxicity was determined at +S9 mix (6h), and —S9 mix (24h) RICC> value was 582.91
pg/mL. Based on the results, concentration of experimental groups was determined by setting
1,000, 1,250, 1,500, and 1,750 pg/mL in —S9 mix (6 h); 1,250, 2,500, and 5,000 pg/mL in +S9
mix; and 100, 200, 400, 600, and 800 pg/mL in —S9 mix (24 h). The frequency of appearance of
chromosomal dysplasia cells and numerical dysplasia cells was less than 5% each. In the positive
controls, the frequency of appearance of structural dysplasia cells was more than 10%. Under the
conditions of this study, extracts from the husks and cobs did not cause chromosome
abnormalities in CHL cells.
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ToJal= GAR o] o5t A 0 & oel A QITh(Li, 2008; Coe et al., 1988). SFEAJOPA-E of2] 7154 %= p4ks} 2F)-
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A
Korea)oﬂ/ﬂ 30°CE 71Zo}o] ARgstact. 2 AXA R 50 gt & AXA= 50 g% 212 A=01 0.1% citric acid
7FHE 30% T4 1.5 LS Yl 12 AZFsH 2w itsto] 2 3] —ir%ﬁ At FE2H2 BPA 2 30% dextrine
A7 b S Este] Ala R ARSSHAT. tixed F SR Ee Bus7rE ARl o =
AlFoA A& mitomycin C(MMC, Sigma-Aldrich Co., St. Louis, Missouri, USA)%2}t
cyclophosphamide monohydrate(CPA, Sigma-Aldrich Co., St. Louis, Missouri, USA)E AF8-5}tt.

HIZZ 9 by
Al@M|E= Chinese hamster lung(CHL) -2 2] HIQFA|EE- o] 851 A85139 1 American type culture collection,
ATCC CRL-1935™), 25 10%(v/v) 2] B[ &2 DMSOE H7ISH |0 M5 H-g-A|7, oF | mLA B35l 54
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ol A A BEGV 2 HA HESITE Al YA 52 AEE AR B= A1 71 5ol dlks 2 vlieFstar
2 A FF 02 ARSI B2 37°C, CO, Az 5% 0™ a5 25 o)A a8ist et ARe-
H Z]+= Minimum Essential Medium(MEM, Life Technologies Corp., Carlsbad, California, USA)®]| heat-inactivated

Lot

fetal bovine serum(Life Technologies Corp., Carlsbad, California, USA) 10%(v/v), Penicillin Streptomycin(Life
Technologies Corp., Carlsbad, California, USA) 1% H-&=2 375}t

CHAKEMSA| S9 mixe| 2ZA|

A2 oA A) - 82(+8 mix) T HI A 84(-S mix) 2 T M, -S mixis A& 3 Bl L] 5
S5 6 ARE AP 3 18 ARE 5715 & TAREAR R} 24 ARE At A5A TR 5T S9 rat
liver(Molecular Toxicology, Inc., North Carolina, USA) 1 vialoll Bvl5-752.1 mL-2 7ot AEsto] ARESHSY
t}. Cofactor-I(Oreiental Yeast Co., Ltd., Tokyo, Japan)°ll B35 7 mLE 20] 85|53+ 2, pore size 0.45 pm
membrane filter(Satorius, Goettingen, Germany) = {3+ Z1-2- Cofactor mix = SF3TE. Cofactor mix 4.9 mLofl &
AgFS9 2.1 mLO| Hl&2 Egsto] ARgSI3IT

sz

A e E] B STFEE-S 5,000 pg/mLE FASI] Al ZFA AA|A R0 9] A el s ol 2 -8
= ARSI, §aE A SlAlsto] ZE2te] XA e s o] 108 F ko] -BAAZFAIAAIAIR 156, 313, 625,
1,250, 2,500 % 5,000 pg/mL, BAAOVFIATA(HAIZEA 2], -S9mix): 1,000, 1,250, 1,500, 1,750, 2,000, 2,250 2
2,500 pg/mL, GO A(THAIZEA ], +S9mix): 1,250, 2,500 & 5,000 pg/mL, SR F(AL] 2]
H): 100, 200, 400, 600, 800, 1,000 & 1,200 pg/mL)S ZAIoto] ARESIATE FAAO A F(TATEA = )2 A
ZAIZE2 6 AlZtoTH SIEAITES 18 AlZto]al, AMA VIR (AEA )2 A=l AlTto] 24 AZE, SEAITEZ 0 Al

toz A5ttt

GO A AIAEE X2| L A A2

A2E= 2 AIZFAY colcemidE #FF5% 0.2 pg/mLO] E == Z} culture flask o] 3715t] BG5S 7 M ZE =4
Sttt A2 T2 9§, A2 EH-S PBSE Ao 0.25% Trypsin-EDTA(Life Technologies Corp., Carlsbad,
California, USA)E #121(37°C, 5 )51 M ZE HF2ISHAT . HlZT7-ods fe] ssl, YH221(1,000 rpm,
5 21k olsh FY)ste] AlEE Bttt e A7 &, 2 @AEel 0.075 M KCL 89 4 mL& E3L AF=]<]
(37°C, 15 D) AAISIEE WAR (ks - WAt 299l [3: 1, viv]) 0.5 mLE 3d7Fsto] E3R %, 4]
weloto] AFFA-S A ASITE 173N 4 mLE Hoff E:vt Fofl, elielste] 5dS AlA & Aed=re] 1A
O 7 HiLE B-GAF LY. Slide tray o1l = slide glassol] 2 -3 7iAx0] @] ZAZA|7]1, Culture flask B 2 O ©]
Ao 23 AR 5%(v/v) 2] gimesa -§H O 2 5 B7F AN T oA AZSHATE Al I B o] RS A F o}
of AA|EA|4=7](Beckman Coulter, Brea, California, USA)Z M| ZE Al5=ol 3Tt ofuff P22 AlS=6HA] ot
SN ZTS] SAZHET)S 100%2 51 AT 224 S7HRICC, Relative increase in cell counts) 55 + 5% ©]5}
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AA| 2k
T A ZTE culture flask T 15070(5= & 3007H)01H FE ¥ 5 FFolie AMEA A chromatid

break, ctb), FAEA| w2 chromatid exchange, cte), FAAATH chromosome break, csb), G| 1w 2K chromosome
exchange, cse), THHSl(fragmentation, other)©|™, Gap(g)S FAHEA| 2 Hodz|+= H|GA FRO] Zo| JARA| 9]
FHTHH2 A0 = st 8o FUAI7E 35 o] vilgd AlZ(Polyploids)2}t Sl Al E(endoredu-
plication, endo)E Lottt WA7EC R FMA OV = FLEOVIA L} Ao IHEE 17] ol 7HR]= Al

S 5o, 82 AldEd APt T oV E B 2ol MRS S W17 5% IRt o2 AldEE A

—_

27 5 17l ool A FROVIAIEE Tim SR O VIAI Y] SR 5% o1 10% IR Y2 AlA=4 A
2t F 170 I oV dollA FROVIAIE Eim A oIS ERRIETT 10% oPdolH, T olE4l 71 H
o] QI == 72 ot Ao FASH HH-2 0]-851] GEITHOECD guidelines, 2014).

S AR -2 THATEA 2R S9 mix T]A-8( 0[5}, -S9 mix 02 %9}, S9 mix H-8(°[5}, +S9 mix 0.2 #eh W
A2 24 AI7HA e 2 AL 4 1 W &l 22 E0] B2 156, 313, 625, 1,250, 2,500 2 5,000 pg/mLE
AxJatm Aot 11 A}, Ao 7 tHAREAIA] M Elik(+S9 mix)2 AlL]gt A|EEE A x719] 9lo]
A FEoEH 02 FrASHTE -S89 mix TAITEAE]ZellA] RICC™ 1677.76 pg/mL, 24 A|ZEA|=]o| A= 582.91
pg/mL, +S9 mix A= Al EAdo] RIE|R] AT Table 1).

A0 SA (T 172121 )

L ARAFL] AAE 7122 51, -S9 mixOA= 1,000, 1,250, 1,500, 1,750, pg/mL, +S9 mix o4 1,250,
2,500 E—J 5,000 pg/mLE 217+ AAJste] dAAoVIAIR(SAIIA 2 RS AAIGITE Bk A3 -S9 mix 9] 0,
1,000, 1,250, 1,500 = 1,750 pg/mL ©]l {1014 9] AL F oA O] AR 4= 1,750 pg/mL A 2of41 0.7%

Table 1. Results of the cell growth inhibition test

Cell growth treatment index (%)

Concentration Short-term treatment test Continuous treatment test
(ng/mL) -S9 mix +S9 mix 24 hours exposure
Nagative control 100.0 100.0 100.0

156 98.03 = 0.00 94.98 +5.01 97.74 £ 6.94

313 89.73+£1.90 81.53 £23.02 8291 +3.75

625 97.41+5.18 102.08 +7.44 51.59+1.39

1,250 92.14+2.53 110.52+9.69 2223 +5.69

2,500 20.40+5.18 106.97 £0.18

5,000 96.33 +3.11

RICC¥®(ug/mL) 1,677.76 582.91




A3]4 o/ e T H £THFEE9] Chinese Hamster Lung S o183 FAA] o AR » 5

Table 2. Results of the chromosomal aberration test (Short-term treatment test, -S9 mix)

Number of structural aberrations Cell Number of numerical
Concentration Number (Frequencies %) Total growth  aberrations (Frequencies %) Total
(ug/mL) of (ells%) © index Numberof , (cclls
observed  ctb cte csb cse other 0 Polyploids Endo %)
(%)  observed
Negative 150 0 1000 150
control 150 0 100.0 150
(SDW) 300 0(0.0) 0(0.0) 0(0.0) 00.0) 00.0) 00.0) 0 100.0 300 0(0.0)  0(0.0) 0(0.0)
150 0 94.2 150
1,000 150 0 82.0 150
300 0(0.0) 0(0.0) 0(0.0) 00.0) 00.0) 000) 0 881 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 86.8 150 0 0 0
1,250 150 0 0 0 0 0 0 75.1 150 0 0 0
300 0(0.0) 0(0.0) 0(0.0) 0(0.0) 00.0) 000) 0 810 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 1 64.6 150 0 0 0
1,500 150 0 0 0 0 0 0 0 61.1 150 0 0 0
300 0(0.0) 0(0.0) 0(0.0) 00.0) 00.0) 000) 1 629 300 0(0.0)  0(0.0) 0(0.0)
150 0 1 0 0 0 1 0 55.5 150 0 1 0
1,750 150 0 1 0 0 0 1 0 51.3 150 0 1 0
300 0 2(0.7) 0 0 0 207 0 534 300 0 207 0
Positive 150 2 34 1 0 0 37 0 150 0 0 0
control 150 2 31 2 0 0 35 0 150 0 0 0
(MMC0.1) 300 4(1.3) 6521.7) 3(1.0) 0(0.0) 0(0.0) 72(24.0) 0 300 0(0.0)  0(0.0) 0(0.0)

MMC: Mitomycin C, ctb: chromatid type break, cte: chromatid type exchange, csb: chromoso-type break, cse: chromosome type exchange,
other: fragmentation etc., g: gap, Endo: endoreduplication.

Table 3. Results of the chromosomal aberration test (Short-term treatment test, +S9 mix)

Number of structural aberrations Cell Number of numerical
Concentration Number (Frequencies %) Total growth  aberrations (Frequencies %) Total
(ug/mL) o (cells%) € index Numberof . (ccls
observed  ctb cte csb cse other 0 Polyploids Endo %)
(%) observed
Negative 150 0 1000 150 0 0
control 150 1 100.0 150 0 0
(SDW) 300 0(0.0) 0(0.0) 00.0) 0(0.0) 00.0) 000 1 1000 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 122.1 150 0
1,250 150 0 0 0 0 0 0 0 108.2 150 0
300 0(0.0) 0(0.0) 00.0) 0(0.0) 00.0) 000 0 1151 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 105.1 150 0 0 0
2,500 150 0 0 0 0 0 0 1 99.6 150 0 0 0
300 0(0.0) 0(0.0) 00.0) 0(0.0) 00.0) 000 1 1023 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 113.2 150 0 0 0
5,000 150 0 0 0 0 0 0 0 108.5 150 0 0 0
300 0(0.0) 0(0.0) 00.0) 00.0) 00.0) 000 0 1109 300 0(0.0)  0(0.0) 0(0.0)
Posifive 150 2 35 2 1 0 390 150 0 0 0
control 150 1 33 1 0 0 35 1 150 0 0 0
(CPA5) 300 3(1.0) 68(2.7) 3(1.0) 1(0.3) 0(0.0) 7424.7) 1 300 0(0.0)  0(0.0) 0(0.0)

CPA: cyclophosphamide, ctb: chromatid type break, cte: chromatid type exchange, csb: chromoso-type break, cse: chromosome type exchange,
other: fragmentation etc., g: gap, Endo: endoreduplication.
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A9 BF 0.0% ©]317, SHolAN Rz o] E@HIE = REX |4 0.0% ]Itk Table 2). +S9 mix2] 0, 1250,
2,500 2 5,000 pg/mLof| o141 Q] AR O GA L 9 =Z oA O] SR = B 0.0% ©] AT ZF A==
7A90] Sz 739 FEROVIAE W Ao A L] ERATN = 5% 1[RHo] Qa1 IS 739 R0l Al

O] FAHI = 10% o140 IeK Table 3).

FAU|O[ LA [ (HE22]'H)

AT oA I 24 o] =31 7] wol] A4 2] (-S9 mix)-2 AAISHALE 24 A7 2|4 2] H) o o
SllA1= 100, 200, 400, 600, 800 pg/mLE 475+, FEYH AL 0, 100, 200, 400, 600 H 800 pug/mLoll Q1014
O] FAAFZOIA| L] FAW = 712}0.3, 0.0, 0.0, 0.0, 0.3 2 0.3% ©] 3 GAAHo A L o] FAH =
= Aol A 0.0% o] et S ETY] 7 FEOoVIAHIRE W S Ao PIAI O] EARI = 5% R [T A

Y210 79 FROAM|ES] ZHH = 10% o4o|AtHTable 4).

Table 4. Results of the chromosomal aberration test (Continuous treatment test, -S9 mix)

Number Number of structu_ral aberrations Cell N@ber of numeri'cal Total
Concentration of (Frequencies %) TOtil . growth aberrations (Frequencies %) (cells
(ng/mL) observed  cfp cte csb cse other (cells %) II(I;T)X Number of Polyploids Endo %)
observed
Negative 150 0 0 0 0 0 0 0 100.0 150 0 0 0
control 150 0 1 0 0 0 1 0  100.0 150 0 0 0
(SDW) 300  0(0.0) 1(0.3) 0(0.0) 0(0.0) 000.00) 103) 0 100.0 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 112.4 150 0 0 0
100 150 0 0 0 0 0 0 0 91.8 150 0 0 0
300 0(0.0) 0(0.0) 0(0.0) 00.0) 00.00 00.00 0 102.1 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 1137 150 0 0 0
200 150 0 0 0 0 0 0 0 733 150 0 0 0
300  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 00.0) 0 935 300 0(0.0) 0(0.0) 0(0.0)
150 0 0 0 0 0 0 0 85.5 150 0 0 0
400 150 0 0 0 0 0 0 0 842 150 0 0 0
300 0(0.0) 00.0) 0(0.0) 0(0.0) 00.0) 00.0) 0 849 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 1 80.5 150 0 0 0
600 150 0 1 0 0 0 1 0 687 150 0 0 0
300  0(0.00) 1(0.3) 0(0.0) 0(.0) 000.0) 103) 1 74.6 300 0(0.0)  0(0.0) 0(0.0)
150 0 0 0 0 0 0 1 56.6 150 0 0 0
800 150 0 1 0 0 0 1 0 52.8 150 0 0 0
300  0(0.00 1(0.3)  0(0.0) 0(0.0) 000.0) 10.3) 1 54.7 300 0(0.0)  0(0.0) 0(0.0)
Positive 150 2 33 1 1 0 37 0 150 0 0 0
control 150 2 31 2 0 0 35 0 150 0 0 0
(MMCO.05) 300 41.3) 6421.3) 3(1.0) 1(03) 00.0) 72(240) 0 300 000.0) 0(0.0) 0(0.0)

MMC: Mitomycin C, ctb: chromatid type break, cte: chromatid type exchange, csb: chromoso-type break, cse: chromosome type exchange,
other: fragmentation etc., g: gap, Endo: endoreduplication.
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A @ pA=0] AT &) FEEO] 8 QFEAOP] MAk 10520] STEAJoPd A A7 BRI W, ofof gka-E]o] 9]
= 39 StEAJopd AE2] cyanidin-3-glucoside(C-3-G), pelargonidin-3-glucoside(Pg-3-G), peonidin- 3-glucoside
(Pn-3-G)E Li et al.(2008)°] HAISI O, AP Eppa e 2535 Mae itel, o], 9, 99, &
H|PH ] Fo] K x| Q=T QFEAJopd A A 0] EAJof| thisiAli= HarEH} $IckKim et al., 2012; Lee et al., 2012).

O Ok
= 5

AP Lo AV ST FEEl iRt Ao RS B7FsE ] 216197 Chinese hamster -F-22] lung
cell o-&sto] 27 (S9-)2} thAFHSH (S9+)0llA o] Ao A S Aot T A A2 AL
ST W &) 2280 B2 156, 313, 625, 1,250, 2,500 2 5,000 pg/mLE A5 AASHIT) 1 A} -S9
mix RICC™ F£2 1677.76 ug/mL, +S9 mixollAli= AlAEL=Ao] SRIE|Z] 9Iorom 24 AIZF 2 E]of|4] RICC™ #h
582.91 pg/mLol3tt. FEAGAI o] AAtE 7| %2 5104, -S9 mix oA+ 1,000, 1,250, 1,500, 1,750, 2,000, 2,250
2 2,500 pg/mL, +S9 mixol|41= 1,250, 2,500 2 5,000 ug/mLE 7217+ AAsto] Ao AR (TAIZEA 2l )y
AR5, 24 A7HAE|(AEA 2 HE) ol HisiAE 100, 200, 400, 600, 800 pg/mL AA|SHATE FE o] Ail-S9
mix 2} +S9 mix, AL 2o A O] BAA|TZOVIA|E B 2o IA| O] SRAN = ZH2F 5% H[REo] AT, 4
Z10] 79 xR0l Al O] AT A= 10% ool inh mebA AIEEE AAE4E2 2 AlEZA Shell A CHL
Aol tigt FAAloVdS 6] S A2 o= ke

Ak A

)

= T SR8 S E ATAI(PI015140032021) 9] AP0 2 o] o] 29l
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