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Abstract

This study was carried out to investigate the mutagenic, antimutagenic, cytotoxicity and antitumor effects
of Adenophora triphylla (AT). AT was extracted with 70% ethanol and then further fractionated to hexane,
chloroform, ethyl acetate, butanol and water. Antimutagenic, cytotoxicity and antitumor effects of AT extracts
were measured by using Ames test, SRB method, and the tumor growth inhibition test. AT extracts did not
show any mutagenicity in the Ames test; however, 70% ethanol extracts and its fractions had strong
antimutagenic effects against mutation induced by N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) and
4-nitroquinoline-1-oxide (4NQO). The ethyl acetate fraction of AT (200 pg/plate) showed approximately 66.5%
inhibitory effect on the mutagenesis induced by 4NQO against TA98 strain, whereas 83.3% and 75.1% inhibitions
were observed on the mutagenesis induced by MNNG and 4NQO against TA100 strain. In anticancer effects,
the cytotoxicity of AT extract and its fractions against cancer cell lines including human cervical adenocarcinoma
(HeLa), human hepatocellular carcinoma (Hep3B), human breast adenocarcinoma (MCF-7), human gastric
carcinoma (AGS), human lung carcinoma (A549) and transformed primary human embryo kidney (293) were
investigated. The treatment of 1 mg/mL AT ethyl acetate faction had the highest cytotoxicity of 79.9%, 74.9%,
66.0%, 71.0% and 74.3% against HelLa, Hep3B, MCF-7, AGS and A549 cells, respectively. In contrast, the extract
and its fractions showed only 3~36% cytotoxicity for a normal human kidney cell line (293). In vivo anti-cancer
effect of Adenophora triphylla extract was tested using Balb/c mice transplanted sarcoma-180 cells. Adenophora
triphylla ethyl acetate fraction showed the highest inhibition rate of 37.2% at the 50 mg/kg concentration.
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A" Ed o) (direct mutagen) 22X 4-introquino-
line-1-oxide(4NQO), N-methyl-N'-nitro-N-nitrosogu-
anidine(MNNG) 7]= Sigmarlell Al FYste] A3
3, o] HolY EF L dimethyl sulfoxide(DMSO)o] =<
Aol AHEsHATh Al Eu] ko] B a g wj 22 RPMI 1640
I} Dulbecco’s modified eagle’s medium(DMEM) % Hepes
buffer, fetal bovine serum(FBS), trypsin-EDTA+ Hyclone
AHUSA)ZRH FY3IATE 1 9 FF 892l ethanol,
hexane, ethyl acetate ¥ butanol 52| 7] &= 554
kg ALGEt AT APl ARES GAEFA AR AT
SFAl . Hela(cervical adenocarcinoma, human), I
Al E Hep3B(hepatocellular carcinoma, human),
¢FM| 3 MCF-7(breast adenocarcinoma, human),
A3 AGS(stomach adenocarcinoma, human), ¢17F 3 94
¥ A549(lung carcinoma, human), 137+ A4 E QA
293(human transformed primary embryonal kidney) 1]
3 mouse sarcoma cell line(sarcoma-180)< Korea Cell
Line Bank(KCLB)Z¥¥ T3t ARSIt Hela,
Hep3B, MCF-7 9 293 Al ¥£5F= DMEM ®{A& AGS ¥
AB49 M 25+ RPMI 1640 v A& o]&-3}e] 10% fetal bo-
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Z} welloll F7Fshe] 2443 F2F ¥l A(B7°C, 5% CO. in-
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A o] o] 83+ sarcoma-180 F %A = Balb/c mouse?]
2 Qe 7~109 Ao 2 AthuiF ste] RESHEA A}
£3tAtt. & A3

N8 FE9 B4 oA 7~1097 v
sarcoma-180 MAEZ & E49} §7] 33 phosphate buf-
fered saline(PBS)9F 971 €141 2(1,200 rpm, 10 min)3}f
THAEXE B39 218 AEE A PBSo| FHA

SAS A AZ F 1.0x10° cell/mL
7F HEE FUHAE FHAE 5o 1 mLAS B AL
o] o] BESFWA AFo| A&t ¥ Y FFAA
APL 7t 77 6t vh-2o] 9% A& F(left groin)ol
sarcoma-180 EFAE 9 0.2 mL(6x10° cell/mouse)
A& T3} o] 23k, 2443 FRE 2097 v 134 A8
|d 200 uLE E7 o 2 B3¢t %A E o]2] 26~30
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growth inhibition ratio, LR: %)& Al4F3}$th.

LR. (%)=Cw—Tw/Cw x 100
Cw: Z279] HA FS4FA, Tw: Ao Ha 45

SHAz|

Ao A dojxl Ao FAA f9/d-2 SPSS(Statis-
tical Package for the Social Sciences) program= ©]-&&}¢d
AP TG GF+FTFAE FASAL, 2 559 FHFAt
o] EAZF 5994 p<0.05 =4 Duncan’s multiple
range testoll 28] A43FA .
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Table 1. Mutagenicity of ethanol extract from Adenophora
tryphylla 70% ethanol extract (ATEE) in Salmonella Typhi-
murium TA98 and TA100

Dose His" revertants/plate”
(ng/plate) TA9R TA100
Spontaneous 34442 144 +4*
ATEE 50 20+2% 204 +4*
ATEE 100 23+1° 195+5°
ATEE 150 20+4* 191 +9%
ATEE 200 19+2% 201 +8°

})Each value represents the mean+SD of three plates.
Values not sharing common superscript letter in column were
significantly different at p<0.05.
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MNNG(0.4 pg/plate)®] 7% S. Typhimurium TA100 &5
NN T= gEHOZ HolgdA AAEAE YEUAG
(Fig. 1). 53] A& 5% 200 pg/platedl] A 2+ 2 o€ o}A]
HolE BIES0X Z+7} 862% L 833%= THE £ &
2 JEddol gL s YEIY =

2o oA et FEE, FEkg F2E2YXE Y B
4

YEA A= 22 795, 7184, 754 2 60.9% o2 AR

M
L e T ] o

st o2 F g o] Yl ANQO(0.15 pg/plate)dl] tist o
avE 43 2y T gEFHoZ JAEA S YENY
ow S Typhimurium TA98Y A% A8 % 200 ug/

TA 100

Inhibition ratio (%)

0 50 100 150 200
Dose (ng/plate)

Fig. 1. The antimutagenic effects of 70% ethanol extract and
its fractions from Adenophora triphylla against MNNG (0.4
ng/plate) in Salmonella Typhimurium TA 100.
—e— ! ethanol extract, —o— : hexane fr.,, —»— ! chloroform fr.,
—o—  ethyl acetate fr., —a— : butanol fr., —o— : aqueous fr.
}’Each value represents the mean=+SD of three plates.
?Values not sharing common superscript letter in the same con—
centration were significantly different at p<0.05.
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Fig. 2. The antimutagenic effects of 70%
ethanol extract and its fractions from Adeno-
phora triphylla against 4NQO (0.15 ug/plate)
in Salmonella Typhimurium TA 98 and TA

100.

—— : ethanol extract, —O©— . hexane fr.,
—w»— : chloroform fr., —— : ethyl acetate fr.,
—&— : butanol fr., —O— : aqueous fr.

YEach value represents the mean+SD of three
‘))plates.

“Values not sharing common superscript letter
in the same concentration were significantly

0 50 100 150 200 0 50 100

Dose (ug/plate)

150 200 different at p<0.05.
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Table 2. Inhibitory effects of 70% ethanol extract and its fractions from Adenophora triphylla on the human cells and 293
cell

Growth inhibition (%)

Dose (mg/mL)

293 HeLa Hep3B MCF-7 AGS A549
0.25 3284279 1643+480"  21.37+5.04° 5.71+4.70° 21.85+1.78"  1595+247"
70% ethanol 00 17.84+4.86™ 40.93+7.20%° 49.40+2.67 17.28+2.24° 32494213  37.82+867™
° 0.75 26.07+2.10™ 5851 +55" 62.56+2.12 28.11+1.49" 53.08+3.10° 42554053
1.00  31.63+£2.86™ 785+3.27° 66.44+5.14° 34.88+4.15° 64.90+£2.17°  64.64+0.92°
0.25 567+1.21 20.14+1.40" 13.05+1.13 7.98+1.92° 7.26+4.56° 10.44+2.76°
Hex 050  16.79+321 35.37+1.13 21.91+2.92 19.74+1.39° 21.17+£260*°  18.21+3.95"
exane 075  21.03+0.45% 62.50+7.01° 57524291 40.30+1.39° 4654+212°  3501+1.16™
100 31.10%£6.95 80.00+1.44° 73.95+1.55° 51.50£6.5" 52.40+263"  55.83+199
0.25 10.17+2.86 24.12+1.95™ 12.71+2.47 14.08+1.89"  1203+3.09°  17.71+3.34¢
Chlorof 050  1653+275 41.62+1.02 24.44+8.24° 28.48+3.10 39.17+5.14°  31.32+2.10°
Orolorm 75 30.04+2.86° 50.74 +3.59° 4851+6.69"  4251+3.18" 4278+3.09°  38.92+1.39™
100 34.81£483 68.47+0.84° 62424153  6332+1.13  60.04+165° 5627240
0.25 6.46+3.30 30.60+5.27 27.17+1.54 1396580  36.72+290°  32.09+2.03¢
Ethyl acetate 090 12294255 43.65+0.89 4374+361° 38.21 +2.82° 38.04+3.20%7 42114264
vibacetate 75 1733+2.10° 60924368  50.90+647  56.30+5.02° 55.81+1.48  53.90+590°
100 2872£529 79.95+2.68° 74.97+1.90° 66.03+3.38° 71094607 74.33+5.80"
0.25 7.26+2.00 13.75+1.18° 896+0.70"  13.71+4.67" 876217  12.10£3.09™
Butanol 050  14.14+3.64 40.97+3.48 21.30+1.23" 41.78+6.61° 159942728 32.86+2.12°
uta 075  20.77+6.94% 52.73+2.47% 38.96+6.59" 48174492  3535+415°  42.78+4.30°
1.00  35.08+242 68.65+3.12° 54.71+1.74* 71.69+7.61 48.04+188"  6310+158
0.25 8.32+3.21 25.14+4.72" 5.41+153 20.24+6.65" 9.57+3.27 9.01 +0.48"
A 050  13.88+1.65 4351+1.64 27.16+553" 35.87+5.35° 17.35+1.48"  1352+153"
queous 075  18.38+2.00° 5351 +1.52% 4408+479"  4793+834™  21.03+350°  30.93+1.29°
1.00  3296+3.30 61.52+1.36% 60.72+0.93" 55.32+2.67°  3208+450°  45.09+1.49"

YValues are the mean+SD (n=3).
?)NSI not significant.
YValues not sharing common superscript letter in column were significantly different at p<0.05.

A (Hep3B), Q17 LA EMCE-7), Q17 $14AE 3le] e A agdE HYY ol A E W3 E& o
(AGS), 917+ #H QA E(A549) 9} Q1 7ke] A} A A E(293) A gl vla] g Aol disiAe vlwE e 54 53
£ ol&3lrh 7t AFY AlE HeLaol ek 2l 25 5 UeEg e & 5 AAJdh

1 RIEE9 A 235 HES 27 1 mg/mL H7F Al e AFEYS v FRstn o, o5 Alxdol
Hik BB 80%, old olAHHo|E EF B 799% 12 Zde] Fa g BA2 48A ATH16). Park 5(28)
I EE FEEL 7B5%S A aHE ‘/}E‘rLH‘”CHTable o] Ryo) oahd tFulo 2 HE Bad 28 AATUL 9l
2). A3 A L] Hep3Boll old ofAH| o] E £8= 0.25, b B AAE(AS49) 9} A7 FH LM EMCF-7) 885 o
05,075 % 1 mg/mLE 247} H7F A] 2442} 2711, 43.7, 50.9 ANAL, ZAEY H7} 27} 2852 AT AR oA
2 749%2 =2 JAEHE Yo RE £ Z9 F97F Z7betEh FE AFEUE X AL mA o
M EE EHOR FAE ARAHENS U 21 2 oaete Ao ® uA 21012030, # AP AHgE B
T Ade AL MCF7IAE A8 5= 1 mg/mllN g 2289 250 29250 GAZ 4 AAEHE U
Aete FEEH A4 Y EA 50% HAF9 dAEHE EHlE AL o]S 222y EIESo] AU S go
Uehd v REE FEECA 71.6%9] JAES B o A BHEAS G453 97 WEel Aoz Alzhw ol
B EH T WA Y AR AFE DAL AT g ge gz 93 QAEE A1 2 oY obAE o]
3 FI Atk EF AZF YA E AGSO] HF-& g oAl E B3t gk AlxUo] 345 0] 9o Aow =7
HolE BEEA A2 F% 1 mg/mLollA 71% A &< Aot wehbd o A8Eol Aol & AT E 2o AT A
Hel WA B FEEAE 320/4 e —Jﬂge UER S AAZS A BHBE obo] ofm HRo| 4 9,

, of & Ao
1 mg/mL A& stFS o 717} 743, 68.1 ¥ 64.6%9] H== =1k Iet.
S|

| 835 YehAATh 2 wbd 1F A Sarcoma-180 cell€ O|&8t in vivo| EaH
293¢l W3 A3 E7= 1 mg/mLe] F=ollA 7 40% o] g dgs F2E 9 I 29E
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Table 3. Antitumor activities of 70% ethanol extract and its
fractions from Adenophora triphylla (AT) in tumor bearing
Balb/c mouse with sarcoma-180 cell

Group nlljgo /Skeg Tumor Weigkll)t Inhibition
body Weigh (meaniSD) ratio (%)

Control - 4240747 -
Ethanol extract 25 340053 19.75+12.7
Hexane fraction 25 3.49+0.38" 17.63+9.19
Chloroform fraction 25 3.8340.29" 9.57+6.99
Ethyl acetate fraction 25 2.84+0.66° 33.05+1556
Butanol fraction 25 3.66+£0.27"  1362+6.42
Aqueous fraction 25 4.03+£0.28° 4.80+6.81
Ethanol extract 50 312+0.15"" 26.30+3.65
Hexane fraction 50 2944032 3050757
Chloroform fraction 50 355+0.46"  16.12+10.96
Ethyl acetate fraction 50 266+064°  3724+15.14
Butanol fraction 50 3.35+0.34" 20.83+8.13
Aqueous fraction 50 3.99+0.43" 5.89+10.15

Thirteenth groups were fed with commercial chow diet. After

implantation of S-180 cells (6% 10° cells/mouse), all mice were

injected with PBS (phosphate buffered solution, control) or AT

ethanol extract, hexane fraction, chloroform fraction, ethyl

acetate fraction, butanol fraction and aqueous fraction, re—
spectively every day for 20 days.

YValues are mean+SD of 6 mice (n=6 per group, total mice;
n=78).

YMeans with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.
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