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Total Phenolics of Dried Platycodon grandiflorum and
Its Effect on Growth of Human Cancer Cell Lines

Seong Yeon Hwang, Hyang Mi Choi, and Sun-Young Lim*

Division of Marine Environment & Bioscience, Korea Maritime University

Abstract We investigated the effects of extracts from dried Platycodon grandiflorum on total phenolic content and
growth of cancer cell lines (HT-29 and AGS). Total phenolic contents of acetone/methylene chloride (A+M) extract and
methanol (MeOH) fraction were 4.53 and 27.22 TAE mg/100 g, respectively. Among the fractions, n-butanol (n-BuOH)
fraction contained the highest phenolic content. Treatments of crude extracts and fractions significantly inhibited the growth
of HT-29 and AGS cancer cell lines (»p<0.05). Among the fractions, n-BuOH fraction exhibited the highest inhibitory
effect and was then sub-fractionated by reverse phase flash column chromatography (rfc). The rfc 1-3 exhibited a higher
inhibitory effect on proliferation of both cancer cells. The rfc 1 contained the highest phenol content. Our results showed
that »-BuOH fraction possessed a potent inhibitory effect on proliferation of human cancer cells. We suggested that this
anticancer activity was partially related to the content of phenolic compounds.
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%9] ZFl| A microsomal enzyme activity® &7} Z1Th
o] GHAHA, o] FAFASANY P dol thate] =
11]71301 AAle 2 AMEFe] HALR FAIE] AUTKS,6).
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B Ao AR =2RR|(Platycodon grandiflorumy= ¢ A
T FHE APeIA FYste] A 23087127](STVD-50, SANYA,
Busan, Korea)g ©]8-3}o] JdEsl2® 15-25°C, AdiE 15-40
mmHgoA 24X 7F ZAZAIA EebA] 2960 meshyS A8t

AxE T BUe A48 AR A7EA] -70°CE] deep freezer
(NF-400SF, NIHON FREEZER, Tokyo, Japan)oll W% Ba&l3ich
7F #7180 FE& 913k acetone:methylene chlorideE 1:1 Y]
&2 TSt ] o] Fi8] AV|EE sto] 2447 Wb
gk & FEZAT. o] HFE 23] wHEte] I oA 40°C
48 ZJollA rotary vacuum evaporator(N-1000, EYELA, Tokyo,
Japan)Z 553191 acetone/methylene chloride FEE(A+M)S &
Aot A+M S 2 FEEXA] e JES methanolMeOH)ZE
Zolaat F2 Al AtMot FFe] MeOHE 9l9F &3 %
HoZ 28] HHESh & FE3lo] MeOH #8&S At & &
WERE AR F5E3 FEES S8 oA & 549 o}
2} &8 o7 E35le] p-hexane, 85% aqueous MeOH(85% ag.
MeOH), n-butanol(n-BuOH), water %2&-S A%ttt A& 7+
7+o] FZEES dimethyl sulfoxide(DMSO)l| ol Al Zujx =
a3t TR 3J4ste] AP ARE-stTh

Reverse phase flash column chromatography

A% =3A9] »-BuOH E89] &l MeOHS} watere] 3-8
& AME-3ted reverse phase(RP) flash column chromatographyS
AABA M, 50%(fe 1), 60%(tfe 2), 70%(tfe 3), 80%(rfc 4),
90% aq. MeOH(rfc 5) &7l 88 At HA¥ol= 42| &
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o o], 108 34 84 2mLe| 24 5418t Folin-Ciocal-
tew’s phenol reagent 2 mL-S F7Fst] g3 T 38 &<¢ W
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o}, ¥kSo] ¥ & UV-visible spectrometer(Helios beta, Thermo
electron corporation, Waltham, MA, USA)S AFE-3le] 750 nmol]
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M= uHie¥

3= A EF 23] (Seoul, Korea)>ZHE A AFUHEHT-
29), AA LM EAGS)E EFwtol & AP oA vt
Ao AT HT29 MlEZ9t AGS AlZEE= 100 units/mL2)]
penicillin-streptomycin(GIBCO, Gaithersburg, MD, USA)3 10%
FBS (Hyclone, Logan, UT, USA)7} ¥ RPMI 1640(GIBCO)
S ARg3te] 37°C, 5% CO, incubator(MCO-15AC, SANYO
Electric Biomedical Co., Tokyo, Japan)ollA] wlkaPaA vieF 01
AZE dFde] 29 2L WX 2 vy FAUT dF3d &
phosphate buffered saline(PBS)2-2 A3k F 0.05% trypsin-
0.02% EDTA (GIBCO)Z -2t¥l MEE Hesle] YgilEe] o
% FHE Azl wAE Y3 Fo® MET FaT B
A E2 2 53+ste] cell culture flaskoll 10 mL% YB3 F2
Taele] FUskL, 6-7dncE Al idsiEA] Aol ARSI

MTT assay

e SAIEE 96-well cell culture plate®l] 5x10° cells/mLe]
HEE 100 pLA E3te] 37°C, 5% CO, incubatorll X 24417+
et F iR AAS 7 72 AEE uiARE sAste] 7 well
2 100 pL® F74sta, dizeles AE thdl PBSE 100 plX
718l ©] plateg Tl 37°C, 5% CO, incubatorol|X] 24A17F
st vl & 3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium
bromide(MTT) assay(17)E <18k] MTT A1 5mg< PBS 1mL
=2 &, 10% FBS7F -8 wijx] 9mLe} F4]3ted 100 L
A7Vt 3-4A7F FRF U wigste] MTT7E SHIEHES 3
HjFEs & AAYE formazan A4S 7HEFEE] & ZF wellol
PHE AAol ZEHARA FEF FoshAA ¥ T P> MTT
7t A2 E wiAE AASAT. w7 AAE ZF welldl] formazan
ARES &aX717] Y5te] DMSOZ 100 pL¥ EF3le] 5108
7+ W-S-AlA microplate reader(VICTOR3, Perkin Elmer, Waltham,
MA, USA)E 540 nmollA] T35S 24319k o] $%%e MTT
7F Ao ofsfiA] FdE &S R, wEbA 2 wellell EA
k= M| AE F9) vl it

2 il

= Mean+SEM(Standard Error of Mean)©. 2 YERN
I #AE A dolHe txdd 4 AIEEREH 4L AF A
FERH rests: HAIS Fod& AFHNL T dAE T
745 one-way ANOVAE HAJet fo]4do] S 79l post-
hoc testZ Duncan’s multiple range tests AAI5}] 95% F<=ol|A]
Frolds AFsIslth & ds S HE F24 A a3zt
o] FHAIAE Potry] st 7t FE FA 7o FBATE
TZ3te] Blastth.

A= x| =8 L 2=80| & HiEAl aEE &

A% Z2xe] F25 9 E8E9 F v %2 Table 190
YehAth A+M 2 MeOH #3858 7zt 453 2 2722 TAE
mg/100 g BlEA SRHE e Yy =8/ FEES &
wje] Aol wel n-hexane, 85% aq. MeOH % »-BuOH, water
2 oA FE5H dojRl BHFEES 747F 129, 095, 14.82
8.25 TAE mg/100 go] #=A sgE &2 YRt n-BuOH
£35S RP flash column chromatography® £33l A& 13
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Table 1. Total phenol content of solvent extracts/fractions from
dried Platycodon grandiflorum

Total phenolic content

Samples (TAE mg/100 g)"
A+M extract 4.53£0.13
MeOH fraction 27.22+0.83°
Fractions
n-Hexane 1.29+0.01°¢
85% aq. MeOH 0.95+0.02¢
n-BuOH 14.82+0.77*
Water 8.25+0.33"
n-BuOH fraction
rfc 1 1.27+0.05*
rfc 2 0.27+0.00°
rfc 3 0.18+0.00°
rfc 4 0.04+0.00¢
tfc 5 0.03+0.00¢

Ymg/100 g of dried Platycodon grandiflorum

The values were expressed as the mean+SEM and values with
different superscripts within a column were significantly different at
»<0.05 by Duncan’s multiple range test. A+M, acetone with methylene
chloride extract; MeOH, methanol fraction; n-Hexane, n-hexane
fraction; 85% aq. MeOH, 85% aqueous methanol fraction; n-BuOH,
n-butanol fraction; Water, water fraction
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MTT assayS s8I Th Fig 12 A% =44
9] A+M ZZ‘Ur MeOH £ ES 0.05914 1 mgmLe o8] &
T2 oA AFGHNEMHT290] APHS o A GHE 2
AR &S ek Aotk AedZAzIHos Axd EElA

o A+M FEE 2 MeOH 23 E2 U224 Hbﬂ;% rq1
HT29 AlEe] Z4L fol8 oz oA AATHp<0.05). AtM &

S ImgmlL J7FEEE A o 91% =& AAaxE
L}EPLHOiOU%(pm 05), IC,;& 0.38 mg/mLe]Att. MeOH 3 &29]
735, 05 2 1 mgmLe] H7FE=oA 90%e]/de] AAE F4
JAZIHE YERNAIL(p<0.05), ICSO‘_ 027 mgmLE HT-29 Al

o thek 24 JAEHt AHM FEERT B4 YRt Fig.
2= UA AYAZAGS)Pl Uig 23E Uehd AoZ, A+M F

52 1mgmLe] H7FsEolA 92%2] =2 AAEHE UeRf
RO (p<0.05), IC;;= 0.38 mg/mLe|ATh. MeOH ¥ E2] A9,
05 2 1mgmLe] H7FsEolA 90% ool oAl =2 3]
92 YR, IC,S 026 mgmlLE 7} FZES
Azl Az} fAleITE 1z 2] REEES
HT29 A3l A 2]atls wi(Fig. 3), T% SJ=3o® X
o] F2% AL, 53] n-BuOH &+ &l o
o] 7 Ut} n-BuOH &9 A9 0.1 mgmL o442 F%
A 90% o] F AE F2 AAEIAE YERIILH
(»<0.05) (Fig. 3C), IC;2 0.04 mg/mLo] Tt n-Hexaned} 85%
aq. MeOH £ E9] 49, 2tz 0.81 ¥ 035 mgmLe] IC,, 3t
UeRNAtH(p<0.05)(Fig. 3A, 3B). Fig. 4= AGS A=l tigh
A azz Az z2H] RYEES FEHERE AH59S b HT-
29 A|Ze} FASHAl n-BuOH 28 &0 23 Asl] &4do] =yt
n-BuOH &9 79 0.5mgmL o] FEo14 90% o]4e]
2 W F2 AARHE FERRA S (p<0.05) (Fig. 40),
IC;7 0.06 mg/mLOIAT}. n-Hexane % 85% aq. MeOH #&<]

aMeOH

I .

control

mg/mL

Fig. 1. Inhibitory effects of acetone/methylene chloride (A+M) extract and methanol (MeOH) fraction of dried Platycodon grandiflorum
on the growth of HT-29 human colon cancer cells. A+M, acetone with methylene chloride extract; MeOH, methanol fraction. *p<0.05,

significant effect between the control and each extract
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Fig. 2. Inhibitory effects of acetone/methylene chloride (A+M) extract and methanol (MeOH) fraction of dried Platycodon grandiflorum
on the growth of AGS human gastric adenocarcinoma cells. A+M, acetone with methylene chloride extract; MeOH, methanol fraction.

*p<0.05, significant effect between the control and each extract
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Fig. 3. Inhibitory effects of fractions of extracts from dried Platycodon grandiflorum on the growth of HT-29 human colon cancer cells.
n-Hexane, n-hexane fraction; 85% aq. MeOH, 85% aqueous methanol fraction; #n-BuOH, »-butanol fraction; Water, water fraction *p<0.05,

significant effect between the control and each fraction
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mg/mLe] FEZ HT-29 AlXol| AP o A GAxE F4
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1-39] 79, 0.005 mg/mL ©]/4e] F=IA 80% o] A&
YER) A THp<0.05). Fig. 6= AGS Aol 3k 232 yepd
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Fig. 4. Inhibitory effects of fractions of extracts from dried Platycodon grandiflorum on the growth of AGS human gastric
adenocarcinoma cells. n-Hexane, n-hexane fraction; 85% aq. MeOH, 85% aqueous methanol fraction; #n-BuOH, n-butanol fraction; Water,
water fraction. *p<0.05, significant effect between the control and each fraction
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Fig. 5. Inhibitory effects of rfc 1-5 of n-BuOH fraction from dried Platycodon grandiflorum on the growth of HT-29 human colon cancer
cells. *p<0.05, significant effect between the control and each extract
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Fig. 6. Inhibitory effects of rfc 1-5 of n-BuOH fraction from dried Platycodon grandiflorum on the growth of AGS human gastric
adenocarcinoma cells. *p<0.05, significant effect between the control and each extract
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