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ABSTRACT

Background: Cynaroside is a flavone, a flavonoid-like compound, known by different names (luteoloside and cinaroside). It is
commonly found in Lonicera japonica Thunb., Chrysanthemum moriflium, and Angelica keiskei. The process of cell death has been
classified as necrosis and apoptosis. Necrosis refers to unregulated cell death induced by a chemotherapeutic agent. Doxorubicin is
an anthracycline anti-cancer drug used to treat acute leukemia, cancer, and lymphoma. However, it induces nephrotoxicity including
tubular damage. Therefore, we investigated the protective effect of cynaroside against doxorubicin-induced necrosis in HK-2 cells.
Methods and Results: To confirm the beneficial effect of cynaroside on doxorubicin-induced necrosis, HK-2 cells, a human proxi-
mal tubule epithelial cell line were treated with 10 pM doxorubicin and 80 pM cynaroside. Doxorubicin treatment resulted in
increased DNA fragmentation, caspase-3 activity and mitochondria hyperactivation during cell necrosis. However, pretreatment
with 80 uM cynaroside attenuated DNA fragmentation, caspase-3 activity and mitochondria hyperactivation induced by 10 uM
doxorubicin in HK-2 cells.

Conclusions: These results indicated that pretreatment with cynaroside ameliorated doxorubicin-induced necrosis in HK-2 cells.
Therefore, cynaroside be used as a therapeutic agent for improving doxorubicin-induced nephrotoxicity. However, further studies
are required to evaluated the toxicity of cynaroside treatment in animals and to determine its protective effect against doxorubicin-
induced nephrotoxicity in an animal model.
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EF23 (KCLB, Seoul, Korea)o ZHE ool AME-519
©m, PRMI 1640 (Thermo Fisher Scienrific Inc., Waltham,
MA, USA) ujA]el 10% fetal bovine serum (Thermo
Fisher Scienrific Inc., Waltham, MA, USA)3} 1% penicilin/
streptomycing F7Fste] ARESIAIL 37C, 5% CO, 7004
i Fskaict.
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Cynaroside®] HK-2 AM2Ze] thist A EZ=A3 10uM
doxorubicin® 2 F=%+v MEAPE gt AXRTEINE &
215l7] 3l QAZF M =T AEFQ] HK-2 MEE u)jda)
o] MEZEAYEES MTS assayd o2 =43 th CynarosideS
ol % (10, 20, 40 and 80 uM)E HK-2 A Eo]| 24 A|7+
S AEeith 2 A cynarosidedl] €3 Al EEA2 e
ookt AN 10 M FE=AE ARl His) Al
Aol T7keE 2o ERIHAUTE (Fig. 1A).

392 cynarosides &% 9JEXCE 1 AIZF 5% A A
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Fig. 1. Cynaroside prevents doxorubicin-induced
necrosis in HK-2 cells. (A); HK-2 cells were
treated with cynaroside for various concentration,
(B); after pretreatment with cynaroside for various
concentration. HK-2 cells were treated with
10 uM doxorubicin for 24 h. Cell viability was
measured by MTS assay. Data represent the
means = SD (n = 3). Different letters are
significantly different at p < 0.05 by Duncan’s
Multiple Range Test (DMRT).
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Fig. 2. Cynaroside ameliorates doxorubicin-induced necrotic cell death and mitochondria
hyperactivation in HK-2 cells. After pretreatment with 80 uM cynaroside for 1 h, HK-2 cells were
treated with 10 uM doxorubicin for 24 h. (A) Annexin V and propidium iodide staining and (B) JC-
1 staining were analyzed by flow cytometry. Representative images were taken from at least three

independent experiments.

EE0] 73.6+2.0%= FAEJAS™ 80 uM cynaroside A
T2 90.9 + 1.0%= 355U} (Fig. 1B).

Doxorubicn 2] A3 10 M TEE A2 EAS W
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cynarosideE & 2] 29.92%71A] ZAAEAC (Fig. 2A). ¥
9k oluZ} 10 uM doxorubicin A2 Al E71EE nEFEEE
o} &2 A9 red signalo] 59.78%%1 WHH 92.18%71A]
EolX AL 80 UM cynaroside X A Z] Al 69.84%7FA] 7HAE
At} (Fig. 2B).

nEZ=glole] 4L doxorubicn o] 2]8] necrosis®
&Y =AA 238t Arkar dEA Atk (Shin er al., 2015).
olof ZAs AHAFS SIS W, B HAFAAME
doxorubicn®l] ]38 MM I L} njEZEg]o} B o] F
7= RS 18199, 80 uM cynarosidedl] 23] HE
£ A3}E Ho} necrosiss F=dHe @Al PARPI &
caspase-3 Td EAS AT Aoz AAETE FISAPA
10 uM doxorubicin A 2]l <3l F7tE HK-2 AM2E]
necrosis?} W EZEg|o}e] 3g/d-2 80 uM cynaroside T A
2ol o3l ZAE AT} SEAITE cynaroside”} doxorubicindl] <]
gk necrosisE Ak 71X3 ofH ASHAGHEE Sl 7
EZcgole] HBE JAlskeAl F7HQl Aol o
Aolgkal AZFE o™ necrosis® I EE 4 Fol LR
= DNA T8} necrosisell #ofsh= Thjge] wadke =
AbeFict.
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Necrosisol] #4sl= QA caspase-32F PARP2] THaidl b
S 8137l 13l western blotS 33T 10 uM
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Fig. 3. Cynaroside reduces doxorubicin-induced upregulation of caspase-3 activation and
expression, DNA fragmentation in HK-2 cells. After pretreatment with 80 pM cynaroside
for 1 h, HK-2 cells were treated with 10 uM doxorubicin for 24 h. (A - B); cell extracts were
subjected to protein analysis using western blot analysis and caspase-3 activity assay. (O);
HK-2 cell visualized by tunel assay. Data represent the means + SEM of three independent
experiments. **p < 0.05 vs. control, *p < 0.05 vs. 10 uM doxorubicin. Representative
images were taken from at least three independent experiments.

doxorubicing 24 A|7FEF AE|S W caspase-32F PARPO]
cleaved form®] Z7I5193L 80 uM cynaroside A 2]l £]
3 ZHAEATE (Fig. 3A). ©]oJA] caspase-3 BAHEE 5733t
7] 913l caspase-3 activity assayS F33ITE. A Azfe}
wZ7EAIZ 10 M doxorubicin X 2]el] €J3)] B]A 2] tiH]
138+ 8.9%7HA] S 7FIAAI T 80 uM cynaroside & A2
o3 106 £22%= AAEAT} (Fig. 3B).

nAEre 2 DNA ©Hsks S48b7] 918 TUNEL A4S
AAIEIATE. 10 uM  doxorubicin *]2JA] tunel positive signal
o] F7¥eh ¥k oluz} Mg Fejrt WH3lE AN o=
80 uM cynaroside Z 2ol 28] g 7HA A= ATH
(Fig. 3C). 235 £33 10 uM doxorubicin *2]+= HK-2
A 3EX caspase-3 Tl o] W Fgs} S35, DNA THistE
F=3FATF 80 uM cynaroside A X]Z]ol ]3] = AT o
A AFSHNE 10 M doxorubicn A ZFAF 3 F DNA
sk} caspase-3 T SA8IE dod)= Aow dEA
201 (Fink and Cookson, 2005), AE7H] A#=Z Fg4l
BS ] cynaroside= doxorubicnol] 2J5] F=¥ AEZIAE

326

AAleke Aom Hol HEFEelN AFEREaAE 7
3 drir AyzFsich AT doxorubicin®l] 23] FEEE
oxidative stress (AFBF~E#2)9} necrosisol] 2Hg-she whal A
£ #EF e RS} AFEAS AT F d=AE
doxorubicin = = EY (in vivo model)ollA 5=

27177} Besitn Az,

(<3}
oS

ZAel =

2 o

T

TE HARAY §F BEALe] PR A}
Qo] Ao ola) olFolR Az olo] ZHAI=HL},

REFERENCES

Arif IS, Hooper CL, Greco F, Williams AC and Boateng SY.
(2013). Increasing doxorubicin activity against breast cancer
cells using PPARy-ligands and by exploiting circadian rhythms.
British Journal of Pharmacology. 169:1178-1188.

Choi SR, Kim MJ, Ahn MS, Song EJ, Seo SY, Choi MK, Kim



OlsH=22E| 22|12 cynaroside?| HK-2 MIZ Z|A} X3H St

YS, Choi DG and Song YJ. (2014). Cytotoxicity of extracts
from Korean pepper(Capsicum annuum 1.) by extraction
solvents and plant parts. Korean Journal of Medicinal Crop
Science. 22:369-377.

Dranitsaris G, Truter I, Lubbe MS, Amir E and Evans W.
(2011). Advances in cancer therapeutics and patient access to
new drugs. PharmacoEconomics. 29:213-224.

Fink SL and Cookson BT. (2005). Apoptosis, pyroptosis, and
necrosis: Mechanistic description of dead and dying eukarytic
cells. Infection and Immunity. 73:1907-1916.

Finn GJ, Kenealy E, Creaven BS and Egan DA. (2002). /n vitro
cytotoxic potential and mechanism of action of selected
coumarins, using human renal cell lines. Cancer Letters.
183:61-68.

Han HM, Kwon YS and Kim MJ. (2016). Antioxidant and
antiproliferative activity of extracts from water chestnut(7rapa
Japonica Flerow). Korean Journal of Medicinal Crop Science.
24:14-20.

Ko WC and Lee SR. (2015). Effect of immature Citrus sunki peel
extract on neuronal cell death. Korean Journal of Medicinal
Crop Science. 23:144-149.

Kopp F, Oak PS, Wagner E and Roidl A. (2012). miR-200c
sensitizes breast cancer cells to doxorubicin treatment by
decreasing TrkB and Bmil expression. Plos One. p.1-17 http://
journals.plos.org/plosone/article?id=10.1371/journal.pone.0050469
(cited by 2012 November 29).

Leibundgut G, Pfisterer M and Brunner-La Rocca HP. (2007).
Drug treatment of chronic heart failure in the elderly. Drugs
and Aging. 24:991-1006.

Los M, Mozoluk M, Ferrari D, Stepczynska A, Stroh C, Renz
A, Herceg Z, Wang ZQ and Schulze-Osthoff K. (2002).
Activation and caspase-mediated inhibition of PARP: A molecular
switch between fibroblast necrosis and apoptosis in death receptor
signaling. Molecular Biology of the Cell. 13:978-988.

Liipertz R, Chovolou Y, Unfried K, Kampkétter A, Witjen W
and Kahl R. (2008). The forkhead trascription factor FOXO4
sensitizes cancer cells to doxorubicn-mediated cytotoxicity.
Carcinogenesis. 29:2045-2052.

Nikoletopoulou V, Markaki M, Palikaras K and Tavernarakis N.
(2013). Crosstalk between apoptosis, necrosis and autophagy.
Biochimica et Biophysica Acta. 1833:3448-3459.

Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ
and Moens AL. (2012). Doxorubicin-induced cardiomyopathy;

327

From molecular mechanisms to therapeutic strategies. Journal
of Molecular and Cellular Cardiology. 52:1213-1225.

Park JC, Park JG, Kim HJ, Hur JM, Lee Jh, Sung NJ, Chung
SK and Choi JW. (2002). Effects of extract from Angelica keiskei
and its component, cynaroside, on the hepatic bromobenzene-
metabolizing enzyme system in rats. Phytotherapy Research.
16:24-27.

Shin HJ, Kwon HK, Lee JH, Gui X, Achek A, Kim JH and
Choi S. (2015). Doxorubicin-induced necrosis is mediated by
poly(ADP-ribose) polymerase 1(PARP1) but is independent of
p53. Scientific reports. 5:15798. https://www.nature.com/articles/
srep15798?WT.feed name=subjects necroptosis (cited by 2016
May 11).

Sun X, Sun SG, Wang M, Xiao J and Sun XB. (2011).
Protective effects of cynaroside against H,O,-induced apoptosis
in H9c2 cardiomyoblasts. Journal of Cellular Biochemistry.
112:2019-2029.

Tacar O, Sriamornsak P and Dass CR. (2013). Doxorubicin: An
update on anticancer molecular action, toxicity and novel drug
delivery systems. Journal of Pharmacy and Pharmacology.
65:157-170.

Thorn CF, Oshiro C, Marsh S, Hernandez-Boussard T, Mcleod
H, Klein TE and Altman RB. (2011). Doxorubicin pathways:
Pharmacodynamics and adverse effects. Pharmacogenet Genomics.
21:440-446.

Wen HU, Ting G, Jiang WJ, Dong GL, Chen DW, Yang SL
and Li HR. (2015). Effects of ultrahigh pressure extraction on
yield and antioxidant activity of chlorogenic acid and
cynaroside extracted from flower bubs of Lonicera japonica.
Chiness Journal of Natural Medicines. 13:445-453.

Yang J, Kwon YS, Lim JD, Yu CY and Kim MJ. (2015).
Antioxidant and anticancer properties of the extracts from
Lepisorus  thunbergianus(Kaulf.) Ching. Korean Journal of
Medicinal Crop Science. 23:324-333.

Yoon GA, Chae SY and Kim KH. (2012). Synergistic anticancer
activity on mouse sarcoma by mixture of doxorubicin and water
extract of Albizzia julibrissin. Cancer Prevention Research.
17:239-243.

Yoon JH, Sohn SH, Lee EY, Kim GS, Lee SE, Lee DY, Seo
KH, Lee SW and Kim HD. (2017). Protective effect of
Saururus chinensis ethanol extract against styrene in mouse
spermatocyte cell line. Korean Journal of Medicinal Crop
Science. 25:45-51.



