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ABSTRACT - The persimmon is commonly cultivated in temperate regions of the world, including China,
Korea, Japan, Brazil, Turkey, and Italy. In some Asian cultures, consumers are aware of the health claims related to
the persimmon and its functional ingredients. The rich phytochemistry of the persimmon has opened new avenues of
research on diet-based regimens designed to cure various ailments. This study was conducted to identify the genotox-
icity of immature green persimmon (Diospyros kaki THUNB.) extract (DKA). The bacterial reverse mutation assay,
the chromosomal aberration assay, and the mammalian micronucleus test were performed to determine the DKA
genotoxicity. The result of the bacterial reverse mutation assay revealed that the DKA did not induce mutagenicity in
Salmonella typhimurium TA98, TA100, TA1535, TA1537 and Escherichia coli WP2uvr4 with or without metabolic
activation of S9 mixture. The oral administration of DKA also caused no significant increase in the number of micro-
nucleated polychromatic erythrocytes or in the mean ratio of polychromatic to total erythrocytes. In addition, DKA
did not cause a significant chromosome aberration on CHL cells in the presence or absence of S9 activation. In con-
clusion, DKA could be considered as a reliable and safe functional food since no toxicity was found under the condi-

tion of this study.

Key words: Immature persimmon, Genotoxicity, Reverse mutation, Micronucleus formation, Chromosome aberration
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[e]
50% 7 (Woori Ethanol supplies
company, Busan, Korea)2 2 13] F&3}it} o3 = 9

XU FRFEEY X B2 (Gallic acid) TF 2N

FEFENL gallic acid (Sigma-Aldrich G7384, 99%, St.
Louis, MO, USA)E AR&-3te] 6.25, 12.5, 25, 50, 100 pg/
mLe] TEE AZRSUL AFEN 4 FAFEE 3
Hofl thall 7} 200 mgS FFated 1% 24kl 40 S/
T2 GHAIA 3027 2 FEsHL 50 mLE -85t
Ao 0.5um syringe filter (Advantec®, PTFE, Tokyo,
Japan)Z oJF}ste] A|FgAo g ALgETt BRI}
Alggdol thal] AFAdE FFS HPLC (Waters 2695,
Milford, MA, USA)Z #A3tdem HE71= PDA
(Photodiode array detector, Waters 2998, Milford, MA,
USA)E AHgatsler A&382 270 nm= A 13T
24 ZA3L Luna Phenyl-Hexyl 100A (5 um, 250 mm x

4.6 mm, Phenomenex®, Torrance, CA, USA)S AFE-3}5 3L
2LEE 25°CE FAIEAH. °o]F42 H,0 (0.1% formic
acid)®} acetonitrileS THI M| ZAAMOE §42 0.8 mL/
minS 2 TR ol F28 &&3te E FAF

' T AFAEL FEFE ARteslt

4

Gallic acid (mg/g) = [H#HH 27} (ug/mL) x FFH3] (mL)
x B Aul xEEE x] AEAHF (mg)

[=]

PIE EASAHO| A
FEE g rAE EAEAH] i o
B 71st7] Y8l OECD Guidelines'™el| S31e] A& 3}
o S|2HY 874 #%A Salmonella typhimurium
TA98, TA100, TA1535 ¥ TA1537 42 4F9 EHE
I 93X 52 Escherichia coli WP2uvadZS ©]-83F]
AN AABIATE o5 #3E 20199 99 24
Molecular Toxicology, INC. (Boone, NC, USA)A ¢
sto] B4R A3ATH-80°C--60°C). PINE A &4 &
281 89 mixe= 71Ee] AAWS skl Axste] AR
st MAdE EAEARClE fiedte 7+l A%
3 WHolYdA FAHWREALS  2-(2-furyl)-3-(5-nitro-2-
furyl)acrylamide (AF-2, Wako Pure Chemical Industries,
Ltd, Osaka, Japan), sodium azide (NaN,, Sigma-Aldrich),
2-aminoanthracene (2-AA, Sigma-Aldrich), 9-aminoacridine
(9-AA, Sigma-Aldrich), benzo(a)pyrene (Sigma-Aldrich)<
AHEEED FAU R SRTE AT B Al
doll dA F=AG DS T A AEAA HF
£(-S9 mix) 2@ ZL&(+S9 mix)olA AAEH o5 7#F
o AgA s = gRluA Fskom AAEF A olA
EAEARe] 22Y Fe FAAWERLH HLsAE W
7t FdE JERAl Tk 2 AdddA = AldEE
=A4UE EZE 7Kk 5000 pg/mLE A SFAL o] 8-
o] FE SAUE 2= 9 A sk 313, 625, 1250,
2500 pgmLEE® AA=dS Axsiidnh A1E-e Pre-
incubation methods ©]-€-3}aL, thAFIAl 1| 2E-(-S9 mix)
2 AHL(+S9 mix)oll A AAISATE FFE nutrition broth
NA 10A17F vl Fetar wi kel 0.1 mLel A1 @=4 0.1 mL,
S9 mix E= UAFAFEA(PH 7.4)S 0.5 mL 731
37°CollA] vl sl TH(pre-incubation). ©] &3telol| D-biotin-
histidine (0.5 mmol/L) ¥+ L-tryptophan (0.5 mmol/L)<
-3t top agarS 2 mL¥ ] minimal glucose agar plate$|
o F353te] top-agar’t -SALE F- 37°ColA] 48417 v
stal FEUE At AU RS, FEUE 2 A
FEH] 7+ Xgol| vt ke Alpe F2Y o] 3
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QIS : TAC2019-2280). 6
Hl-o] @ (Seongman, Korea)
Fd gl A-gA1A AR
25 21.1%0. 5°C, =

&£ 150-300 Lux
2 fAEHY. d¥s % “P-Or—/:% efo] o] A o] #|
(180Wx300Dx140H)°ll 57}2] o]at= ¥l ARSstAaL, A
& WARA EFE Rodent Diet 20 5033 (Labdiet, St.
Louis, MO, USA)E 20N om, &5+ RIOTE A
AFAANFTE £ Age Hi s=e §FAHAE A4E
HIEEO R 5led 2000 mg/kg bw/day® AAEIH oM 7
F sutg] o] mhe-Zof 23](24X7F 7HA) AT ST
AlFEZE 200 mg/mLE corn-oilol] FEEHIL &3}
ME ;q]oﬂ uLo:l HL_L tﬂ/dlo] 04910 ug ._/x-]q]}_ % =
Com-oilS A]’%O]—‘}i\:}. A EZ ] Tz 500, 1000,
2000 mg/kg® & 2733kt FIz=EZR cyclophosphamide
monohydrate (CPA)E 70 mg/kg bw/day L2 ©3] 27}
Fo st AlEE4EE FoFstal 24A17F & mhe-2 o
g 519] ZAEE fetal bovine serumSZ A H3to] Al EZ
ATk A EHENHE 1,000 rpmol|A] 58 7+ A
Feds AAT & FF A EE slide glassell
t TFEEHAE AFsiin. 2T dA=
acridine orange §-9(40 pg/mL)2. 2 FAHA|A FFo 7 A
At otedd AEA(PCE), 494 A+ 2 &g
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<9 Kruskal-Wallis’ H-
Ao

test, N2 FANZEZ 7+2] 7% Mann-Whitney’s
U test, A A+ 5 ttdd HAEF9 HE([(PCE/

]2 ANOVA test®} Dunnett’s test,
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Student’s t-test 212 F3ll SPSS program (Ver. 19) ©]

&3to] A sl

EQT HPHES 018 HAHOPYAY
3 FAFE R GAA ol Fue Hrte] Sl

Chinese hamster lung (CHL)®2] M3*E American Type
Culture Collection (ATCC CRL-1935TM)ollA] )5l A}
231tk CHLAZ+= 10% fetal bovine serum<
minimum essential medium (MEM, Life Technologies
Corp., Carlsbad, CA, USA) & AME3tY] &= 37°C, CO,
SE7F 5%2 AR E CO, AHolE M mfFstaAtt. o

Z9HgH

H| Aol A A Z5 S7HRICC)(55+5) %2 L= Al
FEA FEE ST RICC & HFEZF2E0] 55£5%

£ Abelol]l = 7 R tiste FAdx o ARt
oA u) 2 E Az gARIAL] EA(+S9 mix)oll= 2504.0 pg/
mL, tAFEAAl B]EA(-S mix)sloll= 130.1 pg/mL, 244]
7+ Aol ME 1384 pg/mLOZ RICC,, $E=Z AH=3}

ot 2 Al et £ FHFEE FEE 32.5-3500 pg/
mLE AAste] 2 A9 stk £ FHFEES
Froll dEAIA ©A A st ARgET &
2 A8t FHRFE ARSI, RS Ak
AL &R (+S9 mix)sloll= cyclophophamide (CPA)E,
A A o] BIEA (-S9 mix)EHlE mitomycin C (MMC)
£ AH&skTh”

FAA o] G Rl M 3 FAFE=] 6A17F A
4x10° cellsmLZ ZA|3+ A E FFA8 25cm?® AlEZ8]F
& STk SmlY Eete] 397 ikt 2+
7} Zgfaze] &GRS A AL vgY 4.0mL, 2t
Fro AlgEFEEd 05 mL 2 S9 mix 0.5 mLE 5
st Th AT Al L] BAFE(-S9 mix)S wWiF 4.5 mL,
AFELEA 0.5mLyE H7Fskth 6417 § PBSE Al
¥ A 2-33] AlAE L M2 ¥iA] 5 mL H7sto

oZ:
B
L AL ol

1

18417 F7} vl &St
E7F FAZZE N7 A EL 4x10° cellymLE %

Xﬂf‘& e g 25 om® A E] g F2k2Fe] SmL
A EFste] 3U7 wigsiith 2 &, 7 Sk 7]
tHHOO]:QlIJ% 11]74“5‘}3’— Wik 4.5 mL, Al@=2-8 0.5mL
= F7bete] 24275t v st
Z+ AlREE AP FE 2A7F Aol colcemides FHFFE
0.2 pg/mLo] HZ=F 7}l 0.25% trypsin-EDTAZ A
ZE5 Ko} GAAIAES HF HES AFsiit. 3
TE Alze dide & AS5AES AAG A, 37°Ce] A
M (0.075 mol/L KCLYS 718t 1587 37°ColA %
28, ApEe st Asds AAA. Aol A
AE M EZ= Y2Harg  (methanol:acetic acid=3:1)0 3]

I T AAA TES AFBIL 5% gimesa FHOZ 5
7 AAEkAT. 222 7 Sdtel=d 2vjy A &shad
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3

St S A3 sTh B Aol AMS 4 F
AFEEY gallic acid T2 4.61 mg/gl 2 FAFo] F
 FAFESES 78 40 AHjE Aoz s

OPIE EASAHONG
F FRAFEEY] WAE FAEAHAEL AF9
oFEedA SAAEIES FE&st FaAsen §x&
d 874 452 Salmonella typhimurium TA98, TA100,
TA1533 ¥ TA1537% EYER 874 +52 Escherichia
coli WP2uvrdE ©]&3193, BEAEAHc1g4d2 tiAE
AA1 ] A (+S9 mix)et FAEH-S9 mix)ollA] 23T
Aol HE&TFE 5000 pgplates HL TEE 3] 0-
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Salmonella typhimurium B Escherichia colidl 01t &
EdHOIE sk G ZoE ATEEAUL

Table 1. Mutagenicity of DKA without and with metabolic acti-
vation

Colonies/plate

Mean £S.D."
Tester strain ~ Samples Dose .( )
(ng/plate)  Without __ . .
. With S9 mix
S9 mix
0 24+1 33+2
313 2743 3442
Salmonella DKA” 625 243 313
ol ! 1250 2543 3443
phimurium
TAoS 2500 22+1 312
5000 26+1 314
AF-2% 0.1 534+6 -
B(a)P3) 2.5 - 2759
0 119+£8 134+3
313 116+7 13343
DKA 625 118+9 133+2
Z;Sa;l@one?la 1250 119+7 13445
)phimurium
TA100 2500 183 18l
5000 113+6 136+3
AF-2 0.01 461+6 -
B(a)P 2.5 - 1130+78
0 O+1 11£1
313 10£2 11+2
625 12+1 11£2
DKA
I;}Sa}llr'none.lla 1250 9+2 113
)phimurium
TA1535 2500 o+ 82
5000 10+£2 11+2
NaN," 0.5 362+8 -
Z-AAS) 2.0 - 187+6
0 9+1 9+1
313 10£2 9+2
625 10£0 11£2
DKA
I;S‘a}l?one.lla 1250 8+1 10+1
)phimurium
TA1537 2500 o<1 42
5000 10£2 10£2
9-AA® 40.0 277+6 -
2-AA 2.0 - 206+3
0 5043 56+2
313 43+1 54+2
625 4443 5543
Escherichia DKA
i 1250 48+3 5443
coli
WP2uvrA 2500 46+2 o342
5000 47+1 56+4
AF-2 0.01 39343 -
2-AA 10.0 - 385+6.1

US.D. Standard deviation, ?AF-2: 2-(2-furyl)-3-(5-nitro-2-furyl)
acrylamide, YB(a)P: benzo[a]pyrene, “Na,N: sodium azide, *2-
AA: 2-aminoanthracene, ©9-AA: 9-aminoacridine, 7 DKA:
Immature green persimmon (Diospyros kaki THUNB.) extract.



Table 2. Effect of the DKA on micronucleus formation in ICR mice

Genotoxicity Study of Immature Green Persimmon Extract 571

Sex Samples Dose NO. of animals MNPCE"/4000PCE? PCE/(PCE+NCE?)
mg/kg bw/day (MeantS.D., %) (Meant£S.D., %)
(gﬁﬁtﬁﬂ) 0 5 0.11 £0.02 51.61+0.75
500 5 0.11£0.02 51.61+1.33
Male DKA? 1000 5 0.09 = 0.01 53.05 +0.58
2000 5 0.09+0.01 52.95+1.20
CPAY 70 5 6.22 +0.40" 45.50+0.92"
*: Significant difference as compared with control (P<0.05).
YMNPCE: Micronucleated polychromatic erythrocyte.
PPCE: Polychromatic erythrocyte.
NCE: Normochromatic erythrocyte.
“CPA: cyclophosphamide monohydrate (positive control).
YDKA: Immature green persimmon (Diospyros kaki THUNB.) extract.
Table 3. Result of chromosomal aberration
Dose ' TI:t-R?]C Number of structu.ral :c)lberrations Total I;Igrrrr::reiiglf Total
Samples (ug/mL) S9 mix Tlgllg: ) (Frequencies %) (Cells%) 8P  perrations (%) %)
ctb" cte? cse”  other” Pol®  Endo”
0 - 6-18 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 000.0) 0(0.0) 0(0.0)
32.5 - 6-18 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 0(0.00 0(0.00 0(0.0)
DKA® 65 - 6-18 0(0.0) 1(0.3) 0(0.0) 0(0.0) 0(0.0) 1(0.3) 0 000.0) 0(0.0) 0(0.0)
130 - 6-18 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 0(0.00 0(0.00 0(0.0)
150 - 6-18 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 000.0) 0(0.0) 0(0.0)
MMC 0.1 - 6-18 3(1.0) 57(19.0) 1(0.3) 0(0.0) 0(0.0) 61(20.3) 0 0(0.0) 0(0.0) 0(0.0)
0 + 6-18 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 000.0) 0(0.0) 0(0.0)
625 + 6-18 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 0(0.00 0(0.00 0(0.0)
DKA 1250 + 6-18 0(0.0) 1(0.3) 0(0.0) 0(0.0) 0(0.0) 1(0.3) 0 0(0.0) 0(0.0) 0(0.0)
2500 + 6-18 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 0(0.00 0(0.00 0(0.0)
3000 + 6-18 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 000.0) 0(0.0) 0(0.0)
CPA? 5 + 6-18 3(1.0) 58(19.3) 2(0.7) 0(0.0) 0(0.0) 63(21.0) 0 0(0.0) 0(0.0) 0(0.0)
0 - 24-0 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 000.0) 0(0.0) 0(0.0)
35 - 24-0 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 000.00 0(0.00 0(0.0)
DKA 70 - 24-0 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 000.0) 0(0.0) 0(0.0)
140 - 24-0 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 0(0.00 0(0.00 0(0.0)
160 - 24-0 0(0.0)  1(0.3) 0(0.0) 0(0.0) 0(0.0) 1(0.3) 0 000.0) 0(0.0) 0(0.0)
MMC'? 0.05 - 24-0 5(1.7) 53(17.7) 2(0.7) 0(0.0) 0(0.0) 60(20.0) 0 0(0.0) 0(0.0) 0(0.0)

Yetb: chromatid type break, cte: chromatid type exchange, “csb: chromoso-type break, “cse: chromosome type exchange, Yother: frag-
mentation etc., “Pol: Polyploids, "Endo: Endoreduplication, YDKA: Immature green persimmon (Diospyros kaki THUNB.) extract,
9CPA: cyclophosphamide (Positive control), '"MMC: mitomycin C (positive control), '"Treatment recovery time.
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