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Abstract

The effect of Hovenia dulcis Thumb leaves on the mutagenicity in salmonella assay and inhibitory effects
on the growth of cancer cells were studied. On antimutagenicity as evaluated by Ames test, the extract and
fractions of Hovenia dulcis Thumb leaves had no effect on the mutagenicity by themselves. However, methanol
extract and fractions from Hovenia dulcis Thumb showed strong inhibitory effect on the mutagenesis induced
by N-methyl-N’-nitro-N-nitroso-guanidine (MNNG) and benzo(a)pyrene (B(a)P). Among the solvent
fractions of methanol extract, the hexane, chloroform and butanol fraction exhibited stronger inhibitory activity
against MNNG and B(a)P induced mutagenesis than water fraction. For anticancer effects, Hovenia dulcis
Thumb leaves extract and fractions against cancer cell lines including HepG2 and HT29 were investigated.
The methanol extract, the hexane fraction and the chloroform fraction of Hovenia dulcis Thumb leaves inhibited
growth of cancer cells but they had no effect on the cytotoxicity of normal human liver cells under the same

conditions.
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3} Ames test®4] FEAH| YA S alg F Ale
GAzo] g AR A Z2AE RASIAH

M2
B A AR ST 2 AR AT Bk iy
A3y Akl A Axd AL FY5le o] AL AAT
AH8-3191 3, Salmonella Typhimurium TA98% TA100
& w3 A EYo}l th&ke] B. N. Ames A2 HE A3t
o} Algslgt. FdwWe] Fel N-methyl-N’'-nitro-
N-nitroso-guanidine(MNNG), benzo(a)pyrene(B(a)P)-2
Sigma(St. Louis, USAAF2RE] Folsld o 7 efA S

& =3 =k 43¢ Ashdn

o ol

AR
AZR S Qe BavlS BRshe e, AR

A

(750 g)ell 10u12) 809 wist&-& A7HgF ¥ 104744 33
ik FE3tw A AT TR 5F ARAA RS
FEEMU 9= AH43kg et o] 5230 g)& oHA b
FHFE 0 28T $98 Hrlete] L3 FoN £
e B4 S 3 vhEE F A w53 AL A4 Y E
(95 )2 At I A ES BTN oA 222
B, Behee 47 3 &3l FEE2EE60g), ¥
€ BHEG50)E 3l g2 AHES E FIFEG2 R
doom BE FEEL F5T F 52 Azt -30°Cel
Bt A Ao Algstdct

S0l R A AHAL

Maron# Ames(16)2] # ol 98 At &, vlg
H{A7] capped tubeel] A& 50 uL, Sd¥ ol 50 ul, 89
mix 500 uL(Z Aol % 0.2 M phosphate buffer),
5 100 uLE Y3 37°Coll 4] 208%9} preincubation Al %
t} ol A& top agar 2 mLo} £33 F &4l 2] (minimal
glucose agar plates)ol] Fx5 =@l 37°CellA] 484)
Zr wlekRr ¥ wlA] o] BAo] F(revertant)d] F2Y &
£ Alsslgoh AW oA} A A A9l microsomal fraction
Z S9 mixture A2 Maron®} Ames(16)2] v o2 A=
st gk Al Bl st} 309 HaF Rl E AHE-E
o wWolglel Ak JA A= Held B2 FA o gt
A 82] oA & (inhibition %)Z el gie), 3k A5l W
ol EAY FEi v APS F3l] AA %)

AME HF Xl 3}

AEF D AL} £ Ao A48T ATFE PAL
2 A}gre] kAl £ HepG2(hepatoma cell, human)$} AAF
Al HT29(colon carcinoma cell, human) cell& AH-2-8}5]
o} zE)3 Abee] AAF 7hA 2l Chang celld AM&-3lgdt).
A E sl okAl ol = HT299 Chang Al E+ RPMI-1640 ¥ %]

o] 10% FBS(10%-heat-inactivated fetal bovine serum)<}
1% antibiotics(penicillin G/streptomycin)-2 7}3ke] wil<Fs}
9 2 v HepG2 Al £ DMEM =A<l 10% FBS, 1% anti-
biotics& H7}stel wiFatsich o] & AEF= 37°C 5%
COzell A-3A1A wfokatslon] 2~3dubrt Ay vl FslHA
Agel A8kt

Cytotoxicity &4 TEA 24 did A5 cytotox-
icity2 2A4317] 93819 Green 5(17)¢] W w2} MTT
assay S AAsHgith AA wlok® Azl wiAE AAZ
kS PBSE Ariste] 7PEA 41& F PBSE b4l AAs L
0.25% trypsin-EDTAE 3 7}sted 37°Cell 4] 5EZL w3}
o] A E7} culture dish®] vl 248 4A 3] E2l==
2 dulgoz #2g F culture WA E sl & EF
g ohg AZSFE 1x10° cells/mLE 245t Aol AHg-
stk g9 ANV Yo WwE FE2EY FEEES
7247y ARal 2w 2 DMSOd 43 A1 ¥ membrane filter
2 o33t F Al4-stith 96-well microtiter plateel] F49]%
AZE 198 uLg B33 F 2447k vl oFsbsd ot vkt ¥
2} e AlgE 2 uLd welldl H7Ha F 37°CY] 5% CO.
shollA] 48417 i okstsich. wioF F MTT [3-(45-dimeth-
ylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide(0.5 mg/
mL)] €948 7+ wellell 7}el 52 v1A] 4417 o i ekatad
o} e} 22 A 1,000 pmellA 1087 AT F A5
A2 A A2 DMSO 200 uLE Ar}ste] AR formazan
AA-& 43 AA microplate reader(Bio-Rad Co.)E 540 nm
A FHES SAT F o3 o] cytotoxicity & T3+
Ax AR dAEH Ax2 3t
Cytotox~ _ Hzre] F4=— /‘]E_ﬂ g FEE %100
icity (%) Wz F4x%

EAEAM
HzrE 2 A8 3 AY AIgE SAS programe
o] 2-3}e] Duncan’s multiple range test® 43}k,

AAMIE o 2285 1 2HE A7 B T
Ae et A mE FFE W8 542 vEEAE

#elal7] 95te] Ames testZ A B B 23 2lg 2 v}
B R] A, 85 Ee] Frbel wE his+ revertant
colony 59 F7ko] ¢l AL Hol B Ayl A7
259 =4 A7 2 o3 EQWe| AL e A
o 2 Vet mebd NUE o FE2EY Bl oA
28-S A7) st A -2y DEAS AHUshe] o]
E ughEA )] o3 A AEAE AH EgTL

MNNGE A Edwold oz AZ Well alkyl diazo-



N

Table 1. Antimutagenic effects of methanol extracts from
Hovenia dulcis Thumb leaves on the mutagenicity of N-
methyl-N’-nitro-N-nitroso~guanidine (0.2 pg/plate) in S.
Typhimurium TA100

A 9 3280 FEAo]

A g A E A ET 1373

Table 2. Antimutagenic effects of methanol extracts of
Hovenia dulcis Thumb leaves on - the mutagenicity of
benzo(a)pyrene (10 pg/plate) in S. Typhimurium TA 98 and
TA 100 with S9 mixture

Treatment Revertants/plate Inhibition rate (%)
Spontaneous 1274353V
MNNG 820+ 14.14%
MNNG +Methanol ext.
10% 244+ 495° 83
5% 252 +8.48° &2
25% 300+9.48" %

DThe values are mean®SD of 3 replications.
YMeans with the different letters in the same column are sig-
nificantly different (p<0.05) by Duncan’s multiple range test.

hydroxide®] 84 & AR EAE 2% & alkyl
fong A3kl DNA %2719 nucleophilic site® <A 3latw

DNA Aut, A o]4e] Wol 5 deoy) oz ogaA
UeH18). AR < WA WEeR FEshe] S
Typhimurium TA100 54 MNNGel 3} 3-E<imo]
iFE ZJEﬁ}aic} A3, Table 1o 4 9} 7o) Wigkg &
¥ 25%, 5% H 10%9] A7 FEoA Zk7 75%, 82%
2 83%2] =& A EAE Yehlgon r s %—7}*174
E F% AEHQ dEdHeol e A vehdr] eghe)
ol# g A= A3 el oghe FEFo] MNNG o4l
ABFE Skl 9 Wl A9 gloke v el Ak
A% vetdgleh19).

g8 B(a)P2 S9 mixtureel] ¢ &4 DNAgH w84 o] 7}
T 22 A Edde] 848 Yehs 7h4 Ho)
22 FHF YapabE9l dihydrodiol epoxide”’} DNAS} HF-S-
3to DNA WA 2 97)1% $98 28l v A58 23
§ 52 A X 23 SedolUAS Yl g
7 AeH20). whebA SNV 9] B(a)Pe] tiat S
o]9d& S. Typhimurium TA987} TA100¢)] thsle] A E
& A3}, 7 5 2Rl vlsd S L Jelug] on
53], 10%9 AB FZo)4) TARS 7%= 929%, TA1009)
e 0% ¥ AHEFHE Jehdoh(Table 2). o] <}
o] Y- o wivke FE252 A4 9 7hA We) e
A E2 FEdde] a9t 9 &S #AF 5 glgdch

oiEle £ES0lM BE 2250 a1}

EdHo] #8 JALAE Yehlle SR Q 22E
o] B A 2 TA Sule] THE ol ag 4o
8¢ AN G4}, FREZE Nue ¥ 2y A
3310] YEAMo] &7E BRI} 1 A oS
EES MNNGY S99 E A7 on B3] Nuks
10% 7} A A4l 2238 Reke BH3lzo 717t T71%,

81%, 71%°] #& E9we] JAaxns Jepliglod & 2
FHE2 29%9] I AREAE Vb (Table 3). =3t
B(@)Pell a4 = TAISH TAL00 75 ZZoA] H]4L

Revertants / plate

Treatment ibiti ibiti
Tage bR paiy Ihbin

Spontaneous 63+4.24" 117+6

B(a)P 711 +7.07% 75041113

B(a)P+Methanol

ext.

10% 114+565° 92 . 125+4657° 90
5% 129+2.82° 90 = 138+891° 88
2.5% 151 +9.89° 8  171+£5.11° 83

DThe values are mean+SD of 3 replications.
?Means with the different letters in the same column are sig—
nificantly different (p<0.05) by Duncan’s multiple range test.

Table 3. Antimutagenic effects of solvent fractions from
methanol extracts of Hovenia dulcis Thumb leaves on the
mutagenicity of N-methyl-N'-nitro~N-nitrosoguanidine
(0.2 pg/plate) in S. Typhimurium TA100

Treatment Revertants/plate Inhibition rate (%

Spontaneous 127+353Y
MNNG 820+14.14%
MNNG+Hexane 1r.

10% 283+8.38¢ 77

5% 348 +7.43° 68

2.5% 369+9,19° 65
MNNG + Chloroform fr.

10% 258+3.53° 81

5% 335+12.7%° 70

2.5% 438+767° 55
MNNG -+ Butanol fr.

10% 335+ 4.04° 71

5% 369+5.18° 66

25% 452+6.36° 53
MNNG+ Water fr.

10% 618 +3.53" 29

5% 639-7.55 2%

2.5% 6951+4.24° 18

YThe values are mean®SD of 3 replications.
"Means with the different letters in the same columin are sig—
nificantly different (p<0.05) by Duncan’s multiple range test.

AA SRS eigle s R85 ArleEot 2rldaE
A EIE Z7lstedc). TAS FFelAE A4t F22 X
39S FEES 10% 22 H0 A A 90%, 96%,
76%2) 73g A& A5 vehdglen TAI00 FFA=
772t 719%, 87%, T1%2) 7 gt JA| &35 45}»1%91@ e
3B B3 22 TARY TAINNAM AEE 10% 5=
7F Al ZbzE 46%, 34%9] Rt & A Eﬂﬁq’* el of
MNNGe| A1 ¢} =371 2 B(a)PS S99 o] g3l 2 A}
43l9s Aoz Hl*‘d 7435 el sl (Table 4). ©]
23 b= A ZHEEY FEdnle] anpt &
& A FHEA L E9Wo] JAEAES ey
Aehe Zast FARE A S el ok 21). ol el A &

S glFe] R A vHe 2T 2 FYEEL A



1374 28 - 42

Table 4. Antimutagenic effects of solvent fractions from
methanol extracts of Hovenia dulcis Thumb leaves on the
mutagenicity of benzo(a)pyrene (10 pg/plate) in S
Typhimurium TA98 and TA100 with S9 mixture

Revertants / plate

Treatment Inhibition Inhibition
TA 98 rate (%) TA 100 rate (%)

Sportaneous 63424 1176
B(a)P 711+7.072 750+11.13%
B(a)P+Hexane fr.

10% 12949724 90  267x5° 79

5% 136+5.65° 89  388+11° 60
25% 190+2.82 80  467+5% 48
B(a)P+Chloroform fr.

10% 86+11.314 9% 211+8 87

5% 09+989¢ 94  342+14¢ 67
2.5% 144+565° 88 3033 59
B(a)P+ Butanol fr.

10% 217+3.09° 7% 3017 71

5% 31325655 61  477E4° 43
2.5% 414%1272° 46  578%5° 31
B(a)P+ Water fr.

10% 416+565° 46 B557+10° 34

5% 474+28% 37 593%7° 29
2.5% 564+8.48° 23 649+4° 20

DThe values are mean®SD of 3 replications.
Means with the different letters in the same column are sig-
nificantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 1. Inhibitory effects of methanol extract and its
fractions of Hovenia dulcis Thumb leaves on the growth
of Chang cells.

Bars within different letters are significantly different (p<0.05)
by Duncan’s multiple range test.

Table 5. Inhibitory effects of methanol extract of Hovenia
dulcis Thumb leaves on the growth of HepG2 and HT29 cells

HepG2 HT29
Treatment Cell growth Inhibition Cell growth Inhibition
(0.D.) rate (%) (0.D) rate (%)
Control 0.850+0,022" 0.900£0.017°
Methanol ext.
(ug/mL)

0.18420011° 80
0.301+0.008° 67
0396+0.042° 55
0565+0015> 37

100 0.207+0.009° 76
50 0.335+£0.012° 61
10 0.363+0.017° 57
1 0.53310.044° 37

UThe values are mean+SD (n=5).
PMeans with the different letters in the same column are sig-
nificantly different (p<0.05) by Duncan’s multiple range test.
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Table 6. Inhibitory effects of solvent fractions from
methanol extract of Hovenia dulcis Thumb leaves on the
growth of HepG2 cells

Treatment Cell growth (O.D.) Inhibition rate (%)
Control 0.850+£0.022"%
Hexane fr. (ng/mL)
100 0.221+0.018° 74
50 0.344£0.035° 60
10 0.5560.010° 35
5 0.733+0.007° 14
Chloroform fr.
100 0.136+0.024° 84
50 0.272+0.007° 68
10 0.539+0.013° 37
5 0.731£0.016° 14
Butanol fr.
100 0.810+0.008° 5
50 0.859+0.015° -
10 0.868£0.016° -
5 0.871+0.015 -
Water fr.
100 0.820+0.003° 4
50 0.8330.004° -
10 0.857+0.009° -
5 0.8610.006° -

UThe values are mean=SD (n=5).
Means with the different letters in the same column are sig-
nificantly different (p<0.05) by Duncan’s multiple range test.

Table 7. Inhibitory effects of solvent fractions from
methanol extract of Hovenia dulcis Thumb on the growth
of HT29 celils

Treatment Cell growth (O.D.) Inhibition rate (%)
Control 0.900+0.017"%
Hexane fr. (ug/mlL)
100 0.198+0.013° 78
50 0.360+0.010° 60
10 0.639+0.007° 29
5 0.675+0.010° 25
Chloroform fr.
100 0.081+0.015° a1
50 0216+0.011° 76
10 0.513+0.009° 43
5 0.649+0.004 28
Butanol fr.
100 0.810%0.007° 10
50 0.813+0.011° 10
10 0.856+£0.014% 5
5 0.884+0.008° 2
Water fr.
100 0.819+0.012° 9
50 0.831+0.005 -
10 0.875+0.009 -
5 0.857+0.017° -

DThe values are mean+SD (n=5).
Means with the different letters in the same column are sig-
nificantly different (p<0.05) by Duncan’s multiple range test.
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