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Anticancer Effects of the Extracts of Adonis multiflora

Hyo-Sang Han*
Department of Health Administration, Joongbu University, Geumsan 31713, Korea

Abstract - This study aims to evaluate the antitumor effect of Adonis multiflora, one of the plants in the Ranunculaceae, on
mice to which hepatoma cells were transplanted and to suggest its possibility as a candidate natural substance to replace
antitumor drugs. We performed the MTT assay to assess the extract had a decrease in the growth rate of hepatoma cells
depending on concentration. In particular, 100 ¢g/ml of the extract showed 40% of growth retardation rate. We assessed the
autophagy activity to identify the inhibitory autophagy mechanism of tumor cells in the extract. This proved that the activity
increases more as the concentration of the extract is higher. We conducted the Western blot test to confirmed the expression
of two proteins LC3 and p62. The expression of p62 was in inverse proportion to the concentration of the extract whereas
LC3-1I increased more as the concentration of the extract was higher. This showed that an increase in the autophagy relies
on the conentration of the extract. We performed a test to discover the influence of the extracts on hepatoma cells
transplanted to mice. The test proved that the extract triggers a significant decrease in the growth rate of tumor cells.
Compared to the start of the test, the size of tumor cells with 50, 100 and 200 mg/kg of the extract respectively increased by
4,3.7 and 3.5 times whereas in the controlling group by 6.3 times. The size of tumor cells in benign tumor controlling group
increased by 3.1 times. This showed a significant decrease in the growth rate of tumor cells compared to the controlling
group. We carried out the experiment of influence of the extract on the expression of two proteins LC3 and p62 in the tumor
tissue transplanted into mice. The experiment showed that LC3-II increases more as the concentration of the extract is
higher. However, there was a rapid decrease in p62 with 200 mg/kg of the extract compared to the controlling group. In this
study, we proved that the autophagy activity of Adonis multiflora extract inhibits the growth of hepatoma cells by in vitro
and in vivo experiments. In conclusion, the inhibitory autophagy mechanism of tumor cells in the extract can be used as a
new treatment of antitumor.
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7F At o] Le3- 1 o] a1 o]z Qlsf -2t 24 Z717F
2} 13- [ & EAuE|Yofek&oH(phosphatidylethan —
olamine, PE)¢]| oJa} LC3- 1l 2 M&HFc} o]2gt 2g-L 27}
A 4| (autophagosome) &AJo] B4 o]t Kabeya et al.,
2000). p62 (sequestosome 1) THHZAL SH|FE ATHE Y
(ubiquitin—associated domain, UBA)E &3] S-v]|F 3}
(ubiquitination) ¥l T2 7} ARH8F 4= §lrk, o] & A7}k Zeja
3K oligomerization) & Fof A3 Tl A S 75402 4
417152 o] I 71eIs} S L-pee 22| mo] e A}
EA] 24| (autophagosome) o] AgE o] Q1= LC3-11 ¢} Ags
o 625 TSR A7HEA 27 (utophagosome) W] el
oA Tl I} A 3EA 7| o] B th(Bjorkoy et al, 2005),

ohe AR WO R SR, WA Y, Bta
% ofe] 7}4] Wilo] RSl =t Bi5tae ool FRe
Apglo] A1 4 917 thizol Tk -8 ot AR e
AREE) AL Q) O U(Matsuyama et al., 2006; Lee et al,, 2015),
spota o] ther Wlol Sl ohilze) Zda B4z Q)
3} K220 315k Q ¥ A2 AgksH= K ¢lo] Eth(Lgnning,
2010; Sancho—Martinez et al., 2012),

B2 AQE FoA 7EeA BAL QFsIEE 0771 2
ISV S, e, S5 910l 212 9 ool w37} 9)
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of| Bsl= AL R A QTHCronguist,
1981; Meusel et al,, 1965; Iman et al, 1977; Ohwi, 1984;
Tamura, 1991; Park, 2007; Mabberley, 1990; Im, 1996,
Hoffman, 1998; Robinson, 2001; Lee, 2006), SFtAl Bz
A58 B%(A amurensis Regel et Radde), AlE4%2(4,
multiflora Nishikawa et Ito), 7| E-4%(A, pseudoamurensis
W. T. Wang) 2 & 3] U2|A UthLee et al,, 2003). & A
A= kel AL Q= Al AAda Aol
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om Z=ia NH & oANEsle] 70% BOHR 3% &
oj] T} 9 7FoRe 2228 8 2%)30] A|FA7kA] —80C (Voucher

No, JBR209)0]| E-&3}%]ct,

bigs B s

QA 2 7ok Al 223591 SK-Hep—1 Al 3= 3 Al 23 &
BY(KCLB) 9|4 7-2)3}F33T}. Dulbeco's Modified Eagle’s Medium
(DMEM, Gibco, USA) ||| 10% fatal bovine serum (FBS,
Gibco, USA), 1% penicillin/streptomycin (P/S, Invitrogen, USA)
& ZA7keto] ek R ARESRAAL, wiFRE 3TN
95% oA} FE7F A E AL 5% CO, 715 371 27 Sl A ufjoF
sRglom, 4dutch Ao sl

MIT assay

7RI S2]] SK—Hep—1 A|220]| thgh AlE42 3252 &
oF E/dE S457] 918l Martin er al, (1993)2] HRiol| w2}
MIT (3—(4, 5— dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium
bromide) assay= AA|SFSIT} BJOFE AAIZE 96 well plate
o] 2 X 10%cells/ml &2 B=5o] 24A|17) okl 3 A 2S
g H71skar 37°C, 5% 00, 2719] incubatore]] 24A17F
eysliEt, 5 nofal MIT §91 719 4412 5 wjerst
3 AAE formazan 2742 DMSO (dimethylsulfoxide) o] =
o] 540 moj| A SFEF S5t 29 Al 245 100%
& sto] Al A2 S4] JAles okt

Autophagy activity assay

HlEsz 2350] IRPIE A% o] 247]8 193!
7] $J8}e] SK-Hep—1 A|ZE 96 well plated]| 1 X 10" cells/well
22581l 244 B ARz FEES w25, 50 2100
wg/m)E 2|5kl 24X 7k vkttt 1 & PBSE wash &
4% paraformaldehyde (PFA, Noble Bio, Korea) & 1143}91
T} PBSE wash 3t % 50 uM dansylcadaverine (MDC, Sigma,
USAIE 100 1l A2j3lolom, 1 A7k S9t Hjokst & PRSE
washd}aL, 1M EtBR-& 50 nl A 2|s}e] Aol A 10427} 3]
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513t} PBSE washd}al, DMSOE 50 ul Yo cell lysis A7]
5 fluorometer (Tecan, Switzerland, MDC excitation 380 nm;
emission 525 m, EtBr excitation 530 nm; emission 590 nm) 2
243190}, At 242 MDC gt/ EtBr 3oz Alklslo] 24
ST,

AREE
AJFE .0 4223 BALB/c nude miceS ZUA S EE(A]L)
o] FLolato] ARSI TEARSALS] S0 3)e(20 +27TC),
5(50 + 4%). 12417 7H 9] 57| 2 A 24& fAI3t
11 FE552 polycarbonate cageof] & ¢170] 5uly] E2js}of
ARl AR 15297 SEBARA S]] 28A171 3 AL

SoFATh

Xenograft
A} 7FoF M| 32291 Sk—Hep—1 A S 1 X 10" cells/mice?)
52 PBSO| £8510] nude miceE THHEH & Qe Tjs)E

oJo]) 0.1 mlA Z2QlEIATE 0]4] 9 B AjHz 2EEO
50, 100 % 200 mg/kgo] Beko 2 AT Bofalolon], pATx
O Z cisplating 2 mg/kg O &2 3 23] B} Eolsloict w2t

717k 5% 5 23] caliper AM-810] £9F2] A (length) 2}
Z(width)& 2438900, t}o-0] ALl tjQlale] Zoko)
FUE Arsiie

Tumor volume (mm’) = width” X length / 2

AW B85 EF D3, AV, WS AEdle] FHS 24
Sgiom, ool o] Lo 2 peos] Tl W elslsict

Western blot analysis
ool SK-Hep—1 AJEo] Ak FEES A2t 2
|7F

Al

Fof AlFEZ harvestdlo] 4SS Alom, 2&3 3

S $H5-9H(RIPA buffer, Sigma—aldrich Co.)& %7}t
5} AJ7]5014,000 X g2 3 < 4le] A1 % 45
At A& AREoNo] thilAl-S BCA protein assay kit
(BIO-RAD)E ©]-85t] gafaoirt. e Thald(40 e
Laemmli sample buffer (BIO—RAD) @} 2—mercaptoethanol
(BIO-RAD)Z 19:12 23}% sample buffer2 1:1 42 o}
99 CollA 7185t} 71 = Tl AL SDS—polyacrylamide
gelo]] A7| 95 3121, nitrocellulose membrane®. 2
At Membrane2 1A]7F E0F A-L-0)| 4] 5% skim milk = block
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o,
ofN
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=i

ay
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o 4 N

M|E4=2(Adonis multifiora) &= 4 &

o_>|:

et 3, LC3, p62 W B-acting blocking buffero]] z+z}
1:1000, 1:10000, 1:5000L.2 8)Al5}0] 4 Toj|A] 24 A1 7F HES-A]

o, 0,01% Tween—20-2 T-7-3+ TBSZ 554 51 A 2513
t}. Blocking buffero]] HRP—conjugated secondary AbS- 1:5000
o7 lAsto] 1A7F 59 Aol A 253l e, detection
reagent (ECL)E 7|3t & Gel Logic 2200 PRO Imaging System
(Carestream Health, Rochester, NY)& ARg-sto] E2lslgct,

G AEF) g Al g2 3289 F9EA
AE4Z FE2ERRE 7IFA l* 2l SK-Hep—1°]| thgt g
YA S dob 114} MIT assay S AAIBIALE A4z 3%
Bof| 2J8l] o)A 0 & A JAFo] Z4sll o m(Fig, 1a),
AIE4=% 100 pg/ml Q] HEol| A= 40% A3 A A &L B

it
24 A2 T3t Al B2 5352 autophagy activity
LK

AlE2 F2E0 GAIE 4% oA 287138 2lsh

93} A7FEA] (autophagy) B3-S S AT} RSz 35
E9] =17} =022 27} Al (autophagy) E4J0] Z715)
Ach(Fig. 1b).
Aerz 528 R BRI
gl

At 750 offt A1 autophagy) 271 G
ZAVE] 418l western blot-2 4~35}] LC3 W p62 Tl

E-o]| 9J3} autophagy &

_I

=]

10

=21va
o) 2 BRI} 0]% LC3E A7 A A (autophagosome)
AJol| T R|F 2 A7}EA] (autophagy) ©] AJZFE LC3- 1

oA LC3- 12 Zghe]o] AL71EA) (autophagy) 7+ KAl /=
= A1 A A A (autophagosome) of] LC3— 117} ZA31= A L.
2 A Qltk(Shin, 2010), 7kF AlEF2] SK-Hep—19]1A]
LC3-1I th o) Wi e Al 529 w7t wobds
£ LC3-119] W] F7lskith(Fig. 2).
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Fig. 1. Effects of A. multiflora extract on cell viability and
autophagy activity in SK-Hep-1 cells. (a) Analysis of cell
viability using the MTT assay following 24 h treatment with
various concentrations of A. nudtiflora extract. (b) Quantification
of MDC incorporation in Sk-Hep-1 cell. These results are
mean + S.E.M of triplicates from a representative experiment.

*Signiﬁcantly different from control group at p <0.05.
" Significantly different from control group at p <0.01.

p62 T2 S ybiquitine—associated domain (UBA)©]2k=
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Fig. 2. Effects of A. multiflora extract on the expressions of
autophagic indicators LC3, p62 in SK-Hep-1 cells. Cells were
incubated with A. nudtiflora extract (0.25, 0.5, and 100 zg/ml)
for 24 h and cell lysates were prepared and subjected to western
blot analysis with respective antibodies. These experiments
were performed in triplicate, and similar results were obtained.

Z7RHS SISk 4= GI9I, o)) B A Aol e 4
REAZAS AZO) APES oI AE SIS rHKang
and Avery, 2008; Maiuri et al,, 2007, Mizushima et al,,
2008). A7} A|EAFHapoptosis) ol Udo] 71 -

EFA

A
2ol ARt ZAIE oIS 4= eH, ol2Rt - A7
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Fig. 3. A. multiflora extract suppresses SK-Hep-1 xenograft
growth in vivo. (a), body weight of tumor-bearing mice measured
3 weeks after tumor xenografts. (b), tumor growth after treatment
with AAM. (c), xenograft tumor growth after 21 d of treatment
with vehicle, 50, 100 and 200 mg/kg body weight AAM per
day.

NB<=2(Adonis multiflora) 3252 3} &4

(autophagic cell death)S ©]-83t x| 77} G317 Qith=
H 317} QItH(Corcella et al., 2009).

gz FEE0| npg20 o] A8 g 229 A
"X FF
Mgz 550 nR-2o o] A 7HeF 229 %o 1]
‘1%*4 AI=Fig, 33 2, upS-20] AL HlEaz
E& Folt Tl control Bk AlFo] F7FslG{h HEHO
cisplatin 6332 control Et} A|50] 7438 AcHFig, 3a),
A AR AR o] Hlaste] F4E7 = ko] 6,34, Al
Hzx 22550, 100 2 200 mg/kgo] ZFzF 4u), 3,74l 3. 582
thztoll Hlsl £%2) 2717k FoJskAl Aastsint, U=
-2 3, 1H = ot Hls) FFe] 2717} fofskA skl

N

TE FFY H3he e Y e A FRY T
AEoto], = Ao Ale AAT v AEtt TXe %

FEE FolatolA Y FHol =
Mo 7hh ’S}ﬁﬂ(F‘lg 40), A|EL=2 222 9200 mg/ke

EofEH
A= Pl cisplatind} W53 215 UERSiC,
A TR vhe-LE SAste] 2E3 7 A% 3 vl
T S | SHF2 AlEr2 e daay
B|5R SR UERHRIARE o2 fisieh whd =
T4 cisplatin tjZto] B8] 7k FFo] Sttt A%
o) TFE AET2 FEE TN daahit Sl &
SSPFAE OIS QI v S AlErx 5=
O] =7t FobdaE o] Sl tito] vl S715HA
At ol d2 Uik Wb At cisplatin HiE
e

5} tH(Table 1).

AEaz FEE0| 20 ojAE 7Hgh =29 Le3 ¢
p62 TlE WAdof u|x| = FF

ez 28 o] aR-2of o] Al 7k 22 9] 1C3 | p62
A W ol v X = AF Auk= Fig, 31 A}, 9k 249
A LC3 Tl A o) WS- A2 2559 w7t =0k
LC3-119] o] Z7lslgiet, p62 T A Bz 255
200 mg/kgol| A controld] vl F&3] 2 o] ZrAskatt uhat
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Fig. 4. Effects of A. multiflora extract on the expressions of
autophagic indicators LC3, p62 in xenograft mice model.

Table 1. Changes of liver, kidney and spleen weight by A.
multiflora extract in xenograft mice model

Body weight ratio (%)

Liver Kidney Spleen
Vehicle 6.55 + 0.259 1.59 + 0.089 1.26 + 0.358
Cisplatin ~ 7.25 + 0.557 1.35 + 0.099 1.09 + 0.217

AAM 50 mg/kg 6.23 + 0.378 1.37 + 0.023 1.23 + 0.400
AAM 100 mg/kg 6.81 + 0.500 1.47 + 0.223 1.33 £ 0.231
AAM 200 mg/kg 6.94 + 0.632 1.58 £ 0.169 1.38 + 0.162

HQ

o ‘E—?ﬂ]ﬁh NELz 22| gi3h gora L Hotst
2201 SK—Hepl A|3EF0 4 MITS 535 Al £5%

2 0
5t FUHA s 24 (Xenograft assay)S Fo10] Az
T2l tid SRS sl 1 7§1} in vivo 3l
in vitrool| A B P o] HolUA Yehgom, AlEaz
FEE9] RE-2 A71EA] (autophagy) S S7HA71E A

02 et} MBSz 255 invitro Y in vivool| A B5E
LC32 S s o|EH 07 27 A p629] WS oA
A7l AR SRIEgl o et AlE4z 2552 APt
LA (autophagy) /e S7HAIA AL HZAMES Fi=
Sk 2108 wrE o] TR A /i 9 7Rk m A ko]
S8 T 2L AE71H ) el A=A 71e4d

o] = AAIRE

o 23}

o w2 20154 FHTSH Sha ] Al
]

References

Bjorkoy, G., T. Lamark, A. Brech, H. Outzen, M. Perander, A.
Overvatn, H. Stenmark and T. Johansen. 2005. p62/SQSTM1
forms protein aggregates degraded by autophagy and has a
protective effect on huntingtin-induced cell death. J. Cell.
Biol. 171(4):603-614.

Chen, N. and V. Karantza. 2011. Autophagy as a therapeutic
target in cancer. Cancer Biol. Ther. 11(2):157-168.

Corcella, EA., P. Puustinen and M. Jaattela. 2009. Apoptosis

- 566 -



and autophagy: Targeting autopahgy signalling in cancer
cells-‘trick or treats’? FEBS J. 276(21):6084-6096.

Cronquist, A. 1981. An intergrated system of classification of
flowering plants. Columbia Univ. Press, New York (USA).
pp. 116-127.

Cuervo, AM. 2004. Autophagy: in sickness and in health.
Trends Cell Biol. 14(2):70-77.

Eisenberg-Lerner, A., S. Bialik, HU. Simon and A. Kimchi.
2009. Life and death partners:apoptisis, autophagy and the
cross-talk between them. Cell Death Differ. 16(7):966-975.

Ham, Y.A., HJ. Choi, S.H. Kim, M.J. Chung and S.S. Ham.
2009. Antimutagenic and antitumor effects of Adenophora
triphylla extracts. J. Korean Soc. Food Sci. Nutr. 38(1):25-31
(in Korean).

Hoffman, MH. 1998. Ecogeographical differentiation patterns
in Adonis sect. Consiligo (Ranunculaceae). P1. Syst. Evol.
211:43-56.

Im, RJ. 1996. Flora Coreana 2. The Science and Technology
Publishing House, Pyongyang, DPRK. pp. 235-237.

Iman, M., J. Chrtek and Z. Slavikova. 2002. Effect of temperature
and photosynthetic photon flux density on the photosynthesis
of Adonis amurensis. Kor. J. Hort. Sci. Technol. 20 (Suppl.
1):970.

Jun, N.J., S.C Kim, E.Y. Song, K.C. Jang, D.S Lee and S.K.
Cho. 2014. Isolation of anticancer compounds from Peucedanum
Japonicum Thunb. roots. Korean J. Plant Res. 27(3):215-222
(in Korean).

Kabeya, Y., N. Mizushima, T. Ueno, A. Yamamoto, T. Kirisako,
T. Noda, E. Kominami, Y. Ohsumi and T. Yoshimori. 2000.
LC3, a mammalian homologue of yeast Apg8p, is localized
in autophagosome membranes after processing. EMBO J.
19(21):5720-5728.

Kang, C. and L. Avery. 2008. Tobe or not to be, the level of
autophagy is the question:dual roles of autophagy in the
survival response to starvation. Autophagy 4(1):82-84.

Kimmelman, AC. 2011. The dynamic nature of autophagy in
cancer. Genes Dev. 25(19):1999-2010.

Lee, C.H,, S. Lee, Y. Suh, S.H. Yeau and N.S. Lee. 2003. A
morphological reexamination on the genus Adonis L. sensu
lato (Ranunculaceae) in Korea. Korean Journal of Plant
Taxonomy 33(4):435-454 (in Korean).

Lee, H.B., H.J. Kim, M.S. Chong, , H.E. Cho, Y.H. Choi, K.S.
Lim and K.N. Lee. 2008. Physiological activity of extracts

ME<2(Adonis multiflora) FZ=2 T 24

from mixed culture of medical herbs and mycelia of
Tricholoma matsutake and Cordyceps militaris by fermentation.
Kor. J. Herbology 23(1):1-8 (in Korean).

Lee, J.W., G.H. Park, H.J. Eo, HM. Song, M.K Kim, M.J.
Kwon, J.S. Koo4, J.R. Lee, M.H. Lee and J.B. Jeong. 2015.
Anti-cancer activity of the flower bud of Sophora japonica
L. through upregulating activating transcription factor 3 in
human colorectal cancer cells. Korean J. Plant Res. 28(3):
297-304 (in Korean).

Lee, Y.N. 2006. New Flora of Korea I. Kyohaksa, Seoul,
Korea. p. 975.

Mabberley, DJ. 1990. The Plant Book. Cambridge University
Press, New York (USA). pp. 99-102.

Maiuri, MC., E. Zalckvar, A. Kimchi and G. Kroemer. 2007.
Self-eating and self-killing: crosstalk between autophagy
and apoptosis. Nat. Rev. Mol. Cell Biol. 8(9):714-725.

Matsuyama, R., S. Reddy and T.J. Smith. 2006. Why do patients
choose chemotherapy near the end of life? A review of the
perspective of those facing death from cancer. J. Clin. Oncol.
24(21):3490-3496.

Meusel, H., E. Jaeger and E. Weinert. 1965. Vergleichende
Chorologie der zentraleuropaischen Flora. G. Fischer. Stuttgart,
Germany. pp. 557-583.

Mizushima, N., B. Levine, A.M. Cuervo and D.J. Klionsky.
2008. Autophagy fights disease through cellular self-digestion.
Nature 451(7182):1069-1075.

Ohwi, T. 1984. Flora of Japan (in English). National Science
museum. Tokyo, Japan. p. 450.

Park, C.W. 2007. Adonis: /n The Genera of Vascular Plants of
Korea. Park, C.W. (ed.), Academy Publishing Co., Seoul,
Korea. pp. 184-185.

Schulze-Osthoff, K., D. Ferrari, M. Los, S. Wesselborg and
M.E. Peter. 1998. Apoptosis signaling by death receptors.
Eur. J. Biochem. 254(3):439-459.

Shin, J.H, H.Y. Jang, J.S Chung, K.H Cho, K.E. Hwang, S.Y.
Kim, H.J. Kim, S.Y. Lee, M.K. Lee, S.A. Park, S.R. Moon,
K.K. Lee, HJ. Jo and S.H. Yang. 2010. Induction of autophagy
by low dose of cisplatin in H460 Iung cancer cells. Tuberc.
Respir. Dis. 69:16-23 (in Korean).

Tamura, M. 1990. A new classification of the family Ranunculaceae
1. Acta Phytotax. Geobot. 41(1-3):93-101.

Weinberg, R.A. 1994. Oncogenes and tumor suppressor genes.
CA Cancer J. C lin. 44(3):160-170.

(Received 16 April 2015 ; Revised 26 June 2015 ; Accepted 8 July 2015)

-567 -





