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Protective Effect of Dopaol B-D-glucoside Isolated from East Asian Monk’shood on
Cisplatin-Induced Nephrotoxicity

Jong Hyun Nho, Ja Kyun Jung, Ho Kyung Jung, Ji Hun Jang, Da Eun Jung, Ki Ho Lee,
A Hyeon Kim, Tae Kyoung Sung, Ho Park and Hyun Woo Cho’

National Development Institute of Korean Medicine, Jangheung 59338, Korea.

ABSTRACT

Background: Cisplatin is one of the most extensively used chemotherapeutic agents for the treatment of cancer, including bladder,
and ovarian cancers. However, it has been shown to induce nephrotoxicity, despite being an outstanding anti-cancer drug. In this
study, we investigated the protective effect of dopaol B-D-glucoside (dopaol) on cisplatin-induced nephrotoxicity.

Methods and Results: To confirm the protective effect of dopaol on cisplatin-induced nephrotoxicity, HK-2 cells were treated with
20 uM cisplatin and 80 uM dopaol. Cisplatin increased apoptosis, caspase-3 activity and mitochondrial dysfunction; however pre-
treatment with 80 uM dopaol successfully attenuated apoptosis, caspase-3 activity and mitochondrial dysfunction. To evaluate the
protective effect dopaol on cisplatin-induced nephrotoxicity in vivo, we used an animal model (balb/c mice, 20 mg/kg, i.p. once/day
for 3 day). The results were similar to those obtained using HK-2 cells; renal tubular damage and neutrophilia induced by cisplatin
reduced following dopaol injection (10 mg/kg, i.p. once/day for 3 day).

Conclusions: These results indicate that dopaol treatment reduced cisplatin-induced nephrotoxicity in vitro and in vivo, and can be
used to treat cisplatin-induced nephrotoxicity. However, further studies are required to determine the toxicity high dose dopaol and
the signal pathways involved in its mechanism of action in animal models.
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M A o] MEZAPEA} (apoptosis)s sl B0, o X85 9
3 AR AMRE T 9t} (Hanigan and Devarajan, 2003;
SRR ol A AAIFoZ AdAe] = vid F Ju er al, 2008; Schrier, 2002). 3FAITF cisplatin® ©] 2 &

7L e FAlelH, Ak XRE fal e HxlE &I}t A olFA (Kim er al, 2010), AEEE 225 Al
A e o oFEo] AMS-E T Ut} (Dranitsaris ef al., AEAF e Frer FEgo] A SHtEYt (Kim et al,
2011). FLaAE 7K thHEEL] JIAES 0|22 g3} 2011; So et al, 2008). W&FA cisplatin®] 282 43}
WA AR, NPRY, ST e A4S PGl b AYIRA FURFS MY 5 g Azale] Bas 4
Ehdtiy d#iA ok (Leibundgut et al, 2007). T7F dasdk Ao},
Cisplatin [CDDP, cis-diamminedichloroplatinum (I)]2 < MST (mammalian sterile 20-like kinase)= Ser/Thr kinase

& A|EZAA HE F7] F G, phase (DNA FH7HE JAsH 22X 7l5skes DM EZE kinase domain} regulatory domain
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(Ling et al., 2008). MST family= o+
HEEH, MST-1-& 2 2%, FA2oAM B
Tt} (Creasy and Chernoff, 1995). MST-12]
7% %, apoptosise F=3t7] 98k GAIZ opn]=
2F 48] The'®=} Thr'¥e] 2719148} (autophosphorylation)
28] 3L caspase-3°] ]38 2™o] Q31 caspase-3°l <3
AHZ MST-12 &dsteo] 3oz o7l =L & ol
EAlsle BTN AS Qs Al wel dAXAL S5
(chromatin condensation)?} DNAY#3} (DNA fragmentation)
frEste] Al EAPEO] dojue s vt g A Utk
(Minoo et al., 2007).

2-(3,4-Dihydroxyphenyl)-ethyl-O-B-D-glucopyranoside
(dopaol B-D-glucosidey= HAIAAEZL] viGAI =, o=
(Houttuynia cordata), 23 (Picrorhiza scrophulariiflora),
WU A (Prunus grayana)®l| X3Eo] = EFJE BY
%o}t (Ahn and Kim, 2016; Wang et al, 2004). @A) ©]
EQE v Yol APl dFolH Mycosphaerella
fijiensis?ll ]3] Loju= HAAI7IETF W (black sigatoka)oll
gk AR 23 Aok SR UAYE (Hidalgo er al,
2016), BE|B A oE g3t YehdeAlE WelA
2] ekskth. wehA B A7 cisplatinoll 2]8] i AlgE
2d 2do) dopaol B-D-glucosideE #2] Hi= Foisie] 4%
=4 oA 3t A=A ZARIEIAL SIS

i
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=
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1. 2 Mg
Ao A8¥E  dopaol PB-D-glucoside= SHEHA A

[Aconitum japonicum subsp. napiforme (H. Lév. & Vaniot)
Kadota] AZex T8 AALEH FFlgA
(National Development Institute

NIKOM) HAE E223] (NPBANK, Gyungsan, Korea)ol
A Bopol AHgsisiTt,

of Korean Medicine,

2. MIZuH2t

Ao A8® HK-2 AEZ (human kidney proximal
tubule cel)= =AM EFL3 (Korean Cell Line Bank,
KCLB, Seoul, Korea)>ZFF *Fptol AR5}t PRMI
1640 ¥{A] (Thermo Fisher Scientific Inc., Waltham, MA,
USA)l 10% FBS (fetal bovine serum)®} 1% penicilin/
streptomycing H7Fsted ARS-SIAAL. 37C, 5% CO, 71004
w33t
3. == M

A35ES BALB/C mice 6 F% 72 AELE (Samtako

- HCK2 - 0)7|S - 210k - AMEH
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Inc., Osan, Korea)ollA] 3led Akgsiion, &% 20+27T,
TE 55+5%, 12 AIZF BgRANM ARSIt AP EES
794 F 1 FY Bt =3id v, ZF 21 7 e AES wiA
ste] AYTs ERSIY. AAdUET, cisplatin T FoI,
cisplatin + dopaol B-D-glucoside T2 2 & FE|3I3
A zLe AQd ZE ol 20mgkg &F°] cisplatin
(Sigma-Aldrich Co., St. Louis, MO, USA)E 3 & &< 24
AZE F7R B sl AEAS fstal, cisplatin
B 30 ® Fol dopaol B-D-glucosideE 10 mgkg 87
o7 BT Siith

4. MTS assay

MAEAYEEL CellTiter 96® aqueous one solution Cell
proliferation assay kit (Promega Co., Madison, WI, USA)
ARES , AxAR] ZREZ webr S48t
HK-2 A|ZZ 96 well plateol] 1x10°cellsyml F=7} HE==
B33 5 37C, 5% Hik7|olA] 24 A17F wikst & dopaol
B-D-glucosideZ ZFz} 10, 20, 40 &3 80 uM FEZ 24
AIZE B AElste] AR EL tigk 2 548 AN
R o8k T2 FERE 1 ARE B¢ A A2k § 20 pM
cisplating: A 2]8}aL 24 A S wiFsIiek. 24 A H
MTS AleF 204 & 2 A7k B9t vikE 3 microplate
reader infinite® 200 PRO (TECAN, Mannedorf, Switzerland)
o]-gsle] 490 mm oM FFEE SAIUL, AZYEES

Bzl et AEE= FA sk

=

=

o

gy

=
=

5. TUNEL assay
TUNEL %412 DeadEnd™ fluorometric TUNEL system
(Promega Co., Madison, WI, USA)YS ARME-3}5.0m, A=A}
o] ZrEZ webd ST HK-2 AIEE 12 well
plateoll A cover slip 1ol 2 x 10°cellyml =7} HE=s B¢
3 5, 37C, 5% ui7IolA 24 A17F vieEich vk Al
80 /4 dopaol B-D-glucosideE 1 A7+ & A 2] 3
20 pM cisplating 2|8} 24 A7+ Bk widksih 2
10% neutralized buffered formalin (NBF)Z 4CollA 20
B9 23R L, phosphate buffered saline (PBS)Z 2
AoIF3TE TR 0.2% triton X-100 in PBS §H o2 5
ZF F3sket § PBSE 2 W AojFinh. @2 AA7} §l=
2 »%F A ASIL equilibration buffers 5 7+ 22]ak1.oH
100 /£ tTdT incubation buffers *&]slal 37ColA 60 ¥
S vl 2§ 2X SSC buffers A 2)8laL, PBSE
2 H #& 5 Prolong™ gold antifide mountant with DAPI
(Thermo Fisher Scientific Inc., Waltham, MA, USA)Z wu}
$E3}o]  Epi-fluorescence microscope  (Carl Zeiss AG,

Oberkochen, Germany)sltoll #2311t}
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6. Protein analysis

oFExE] F wjge] B HK-2 AlE&= PBSE A3 4
Pierce™ protease and phosphatase inhibitor mini tablets
(Thermo Fisher Scientific Inc., Waltham, MA, USAY} X3}
¥ RIPA cell lysis buffer 2 (Enzo Life Science Inc.,
Farmingdale, NY, USA)Z 1 AIZF &<t -&alslSith. Ml Zgs) o
S QAEZ7IZ 4T, 13,000 x g ZANA 10 E7F LalE
319, ©E FEE Bradford assayS ©]-&-3led Z43Ic)
Z 11g9 2ud AMEZ2 Wes (Protein simple, San Jose, CA,
USAYE o]&3l] dldS gxsiglon AxAblA 53t
protocolS ARSI, 1 2F A= cell signaling technology
(CST, Danvers, MA, USA) AEF<U MST1 (#149468),
phospho-MST thr183 (#3681S), caspase-3 (#9662), GAPDH

(8884S)E ARl

7. Caspase-3 activity assay

Caspase-3 colorimetric detection kit (Enzo Life Science
Inc., Farmingdale, NY, USA)E ©]&3] H&S 3Pttt
Western blot F2] WM AME-E TUS WHOE A¥XE
allstAL T 20 pgo] DA AMES AREste] AxAE A
A&+ protocolol] @t =g aHATt.

8. FACS analysis

Annxon V-FITC apoptosis detection kit (Enzo Life
Science Inc., Farmingdale, NY, USA)S A}&-3}5th HK-2
AxEZo] oHE 22 & FEE= apoptosise] H&S TES]
218l AzAK] protocolell W} annexin V-FITCS} propidium
iodide (PI) 829 F 2 AA1Z 2™, mitochondrial membrane
potential (MMP)®] H]&-& 5743}7] 913l JC-1 Dye (Thermo
Fisher Scientific Inc., Waltham, MA, USA)S Al&-5to] Ag]
< APy 2 FFPEE d4E Al EE= CytoFLEX
(Beckman Coulter Inc., Brea, CA, USAYE ©|-&3sfo] &3}
AT}

9. €87 24

Cisplatin Fo3e ]3] Wale= 579 Hl&S #4311
$3] IDEXX ProCyte DX hematology analyzer (IDEXX,
Westbrook, ME, USA)E AM&-3lHth A3 A RAR
protocolol] wel A& om npe-2ex 2FH 3 AL BD
Vacutainer™ glass blood collection tube with K; EDTA
(Thermo Fisher Scientific Inc., Waltham, MA, USA)°l &

oF A&

10. &€& 2M
Cisplatin Fool 2]&] 3=+ blood urine nitrogen
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(BUN)Z} creatinine (Cre)2] &2 #249317] €13 FUIl DRI-
CHEM 4000i (Fujifilm Co., Tokyo, Japan)Z AR&-3}ict. A
A2 AZAR] protocolol] wet 1l om whe-2o| 4] 2

& 232 o83l Byt

12. H&E &M

274S AE3 5 10% NBFl 243k, 22x2] 34&
&l s s oSt Eejrh e 5 m FA =
AL AZ3A S, Dako Mayer’s hematoxylin (Agilent
Technologies Inc., Santa clara, CA, USA)3} Eosin Y
(Sigma-Aldrich Co., St. Louis, MO, USA)E ©|-&3)] Hast
5 e gste) B,

o
A

13. SAHA2]

SAAEE Hd £ AR} (means+ SD)E YERN T,
= 7k FeldS HA3h7] 918k SPSS (Statistical Package
for Social Science, SPSS Inc., Chicago, IL, USA) &4 =
20 AT dY-FEEA] (One-way ANOVAYS 4
Alekler, ool e A% p<0.05 Foll4, Duncan's
Multiple Range Test (DMRT)2} Tukey post-hoc testS 2A]
B

al
=<

20} o DA

=

H

1. Dopaol®] MIZ=H B5&0}

HK-2 A3 it AAe]Ede] A A Alx5d7
cisplatindl] thet A|ZH S a7E 3lsl7] 98] MTS assay=
Z18Y3HA Tk Dopaots FEHEE 24 A)7F B3 A5t ul,
MEEAGL YERA] UAIRE 40 pM SE=FE] H|[ X2l
Hlsl| MEe] F2o] S7Is Zlo® FIHUTt (Fig. 1A). ©]
oA dopaols FEREE X233 20 uM cisplating 7 ]
25l W, cisplatin T2t vl 2]kl H]s) Al 24
E&o] 80.2+3.0%= A3 80 pM dopaol A
HiA gl2zol 77 l5EE 23S veblc (Fig 1B). 23
AFNE THHRES Wl dopaok> HK-2 AlZel thsir 54E
YeRHA] ottt SHEAIE HK-2 Al29] 245 S7H17]
= FoeZ YEldoen cisplatn Aol <t Al
80 uM F=olA] AEEITE Dopaol cisplatin® 2 =%
M=o 2 RE TR oEH 0 R AZTAEES 3 EAA 4
A BE a3t deS ERIsITh

SIA]9E dopaol AElell wE HK-2 A|3Ee] F2]e]
T8 AAES FRIsk] Qs F7HE Aje] s 4
Zr=™, cisplatin} dopaol®] *2]7} apoptosis2} necrosis %
oj= 7]Hel FFE WA=A EA Fab] Wil v A3

o a3t

=

=

AT

ITHE
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2. Dopaol®| apoptosis Aoz}

Dopaol®] cisplatin®] ]3] §=% A|XEAF 5 apoptosis®}t
necrosis & % o= 7S A=A Gotrr] 98| 2 7t
A A4S P& Tt. TUNEL F4S DNA @3} (DNA
fragmentation)S 33 ¥EAE T3l Alzslsls WHoR 95
A MAEAPBAL (pyroptosis), Al EZAFEA}L (apoptosis) 2 A2
A} (necrosis)s Z4sk=d] Eo| o] &%t} Cisplating HK-2
AZ 20 M FEE 24 A7 5t ALeile W Stk

180%
= 160% |-
2 140% [
120% |
100% |
80% [
60% |
40%
20% |
0%

Cell viability (% of control

B Dol oo 0w TUNEL signalo] dopaots 80 uM FE& 3 A2lsile
120% ot fHAEe A3 JERTE (Fig. 2A).
s | 32 2 apoptosis®t necrosis®] Hl-&S 37| 43l
S 100% pop
H o006 | annexinV-PI 422 53] flow cytometryoll A =743t}
s o | HK-2 A3 20 uM cisplating 24 A|7F < 23S o
£ apoptosis®] H|-&©°] 27.04%7HA] S7FF3L 80 uM dopaolZ
3 A A ARG ) 923w asle Al e
g 2% ¢ (Fig. 2B).
Dopa (D - TN w0 owm e B mEZegole] S84S5 FAd5] flal IC-1 ¢
Cisplatin Q0 M) - + + + : + AS AAEITE v EZ=golubd g (MMP, mitochondrial
Fig. 1. Dopaol B-D-glucoside prevents cisplatin- membrane potential)= flow cytometryE ©]-&3l 43I
induced cell death in HK-2 cells. A; HK-2 cells Hlx o . o Lo
were treated with dopaol B-D-glucoside for B, HIA2)E2 red signalo] 77.87%Q1 WHA 20 HN{ cisplatin
various concentration, B; after pretreatment XS 57.81%7HA] THA3IR L 80 uM dopaolS Sl A2
with dopaol B-D-glucoside for various 2od0 S H oo .
concentration, HK-2 cells were treated with st 7?'12%7]};(] SlE=A (Fig. 20).
20 UM cis;t))latin for 24 h. Cell viability was AANE FFsI9E Wl dopaol®] A= cisplatinol] 2J3]
measured by MTS assay. Means values = SD - R < ! e
from triplicate separated experiments are =¥ HK-2 A% apoptosisE Ak Zlo= Qld gt
shown. *Means with difference letters are olUe} cisplatinol] &3l ZHAE nEZ=glole] A 714 3
ignificantly different at p < 0.05 by D ’ _ . =
Multiple Range Test (DMRT). 27 Aow eyl nEEsdele] B4e Azl
A DAPUTUNEL B Cisplatin (20 pM) +
Control Cisplatin (20 pM) Dopaol (80 pM)
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. 2. Dopaol B-D-glucoside ameliorates cisplatin-induced apoptosis and mitochondrial
dyfunction in HK-2 cells. After pretreatment with 80 uM dopaol B-D-glucoside for 1 h, HK-2
cells were treated with 20 uM cisplatin for 24 h. A; HK-2 cell visualized by TUNEL assay, B;
annexin V and propidium iodide staining, C; JC-1 staining were analyzed by flow cytometry.
Representative images were taken from at least three independent experiments.
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Dopaol (80pM) -
Cisplatin (20 pM)
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S
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B
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=20 uM Cisplatin + 80 uM Dopaol
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Fig. 3. DOE&O| B-D-glucoside reduces cisplatin-induced caspase-3/MST-1 signaling

pat

way in HK-2 cells. After pretreatment with 80 uM dopaol B-D-glucoside for

Th, HK-2 cells were treated with 20 uM cisplatin for 24 h. Cell extracts were
subjected to protein analysis using Wes and caspase-3 activity assay. Data represent
the means = SEM of three independent experiments. Means with difference letters
are significantly different at **p < 0.05 vs. control, *p < 0.05 vs. cisplatin (20 uM).

necrosis= XPEUS v 2493} (hyperactivation) F Tl
A AT (Shin et al, 2015), HHNZ apoptosis® F13Y
HJe w A"} (Gottlieb ef al, 2003). ©]= dopaol©]
necrosis’t o1 apoptosis 711S HAIFRE Ao ALEHH,
MEZEgol S4S IEAT|= ZeE Hol ofue
apoptosis 7 |GAINE] Fofditly AztEct T2 F dopaol
£ ojwl apoptosis TH ANTHEA R FoF =R Lolr |
el 23S xPepict.

3. DopaolOl caspase-3/MST-1 LISTE| OlXl= A5t
Caspase-3/MST-1 AEAYHZE EF-FAHE (mammalian
cell)ollA] cell apoptosisl] Tolshe $Q3F AlaAdgAHz2 &
HA 2101 apoptosiss 7NAIE7] Y3l Thr'® F-919] 2711
2k} (autophosphorylation)®} caspase-301] 2]38F whil Atto]
Z 23t} (Ardestani et al, 2014). ©]o] w2} 20 uM cisplatin
S HK-243Eo) A2]3199S w caspase-3/MST-1 A AEHZ
7t A3} = =4 E= dopaol Aol o8l A=A Yol
7] 9l e s ARSI Cisplating 20 uM &
L2 HK-2 A2l Aglsis o, vixjzleel Hlste]l MST-
1, MST-1 cleaved form, caspase-3, caspase-3 cleaved form

235

o] v dhsat Mol olujg} MST-1 Thr!$5-2of 2712k
3} vlgo] F7FEIATE AT 80 uM dopaolS *2]EFA-&
ol cisplatin A|2]ol| o3l S7HE Tl o] has= 4
7} bt (Fig. 3A). 57122 caspase-3 THES
01519945 w wlEHIIRE 20 uM cisplatin®ll &3 F7}
caspase-3 A7} 80 uM dopaoks HZFE W TAEH
A#7F ER1=SI} (Fig. 3B).

A= E35APE dopaol HEE cisplatindll 28] Z7HeE
caspase-3/MST-1 A THGAHZE A& 2t oliz} caspase-
3 FAEE 7AaAIA HK-2 AlEo| Uold apoptosis 714S
AAE= AL 2 Ho|X|R MST-1 Cleaved forme] A3
2 =AY MST-1 Sl S HK-2 AlE el 1915
Z I AFHS w apoptosis’} FEEE=A]ol Tt F71HEE
I o3k 7)—19& AgZ_]—%q—

=21 =

e el o

o]
4. Dopaol0| LIZ¥=SH animal modeloll OIXl= Agt
Y7 e 9 RS Wel W) 5370l P2
7] 98 Age st RN A Ao
S IDEXX ProCyte DX hematology analyzerS ©]-&3]
A7} WP V&S P,

=1 == T

Y

=
=1
[e]
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=
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8
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Fig. 4. Dopaol B-D-glucoside p

TRTHE

revents cisplatin-

Cre in serum (mg/dl)
- i ow

=
om

0
Dopaol (10mgks)

Cisplatin (20 me/ke)

Cisplatin (20 mg/kg) +
Dopaol (10 mg/kg)

X

hrotoxicity on animal model. Mice

were separated 3 groups [(control (n = 7), cisplatin 20 mg/kg (n = 7), cisplatin 20 mg/kg + dopaol
10 mg/kg (n = 7)]. Mice were administered with vehicle or cisplatin 20 mg/kg. A; blood

neutrophils were analysed by IDEXX procyte, B; BUN and Cre in sirum are an
DRI-CHEM 4000i, C; representative images were stained by hematoxylin an

aclrsed by FUCI
eosin (H&E)

staining. Means with difference letters are significantly different at **p < 0.05 vs. control,

*p < 0.05 vs. cisplatin (20 mg/kg).

Cisplatin ©5A 222 gz} vasle] & Wi+ &
T3] ¥]80] 76.4+4.6%2 F7I5IIAI R dopaol HelE
25.5+7.3%= 7HAastqirh thro® Ao EAIsh= blood
urea nitrogen (BUN)3} creatinine (Cre)2] 42 43| ¢
& FUJI DRI-CHEM 4000iZ ©]&-3}3th = A3} cisplatin

GEX LS FAAUEEF vHZse BUN &7
116.0£16.54 mg/dl, Cre T% 14+034mg/dl = Z7k8 whd

dopaol H8]+-2 BUN F% 23.5+236mgdl, Cre 5% 04
£0.08 mg/dl 2 A3 vARteZ H&E A4S FaiA
A7 el EAehe Axet 22 FeHE FRlsie o,
cisplatin &5 FoI (CISy AAET (NOR)Y H|wste
M MEe] €731 (brush border) F-22] A4 A=
#<24 (tubular damege)e] ZHEEA O™ dopaol ol A
Aol 77ke- FHIE 3EHA. Cisplatins FAYS o &
% 3579 BUNF Cre 357} 37190, Alagd &4d0] o
ottt &4 At (Faubel et al, 2007; Iseri et al,
2007). ¥ AHAME cisplatin Foioll 23] F7HE 5 3%
79} BUN, Cre %7} SRI=AS W9 ofdg} &4 A%

A= L

Z2HE AT & YA dopaol Folol| oJ3) HEEE= 4
HE AFES T3l AL SAIRE dopaole] in vivool A

236

Ags] o 7]del sl cisplatinell oJaf fr=E AEEAS
AAs=A] AlEERA UlFolA B3 == MST-13 caspase-3
A s gldddo] B o= AYZtE, dopaol®l
I3 ] e Foridd wE 5497t R
e Zolgt Aztent

A3E F3SAPE HK-2 M3EolA 80 uM dopaol A2+
20 uM cisplatin 2]l ©J3l 80.243.0% HA¥ MEANEES
97.9+1.0%7FA] &E-A1Zt}. TUNEL assay2} FACS analysisll
A% 20uM cisplatin Aol <J&] Z71E DNA T 3ke}
apoptosis2] Y] &2 & 80 uM dopaol ZA 2]l 2J8)] 714E
AL Wt olu} caspase-3/MST-1 AZHEA R0l sl
chi o] TS AT AEAAS iR 6 75
7l BALB/CE ©]-&3F 52430 20 mgkg cisplatin®]
2ol o8 T7He % 35+, BUNZ Cre 55, AARAE
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