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Palmijihwang-tang Alleviates Cisplatin-induced Nephrotoxicity through
Inhibiting ROS Production and p53 Activation

Sung-Min Ju'®, Seo-Hee Park’, Myong-Soo Chong™’, Byung-Hun Jeon'~*

1 : Department of Pathology, 2 : Department of Preventive Medicine, College of Korean Medicine, Wonkwnag University,
3 : Research Center of Traditional Korean Medicine, Wonkwang University

Palmijihwang-tang is an herbal formula frequently used to treat many symptoms, such as lumbago, pollakiuria,
cold hands and feet, nephritis, sterilitas virilis, and prostatic disorders. The aim of this study was to investigate the
effects of Palmijihwang-tang on cisplatin-induced nephrotoxicity in rat kidney proximal tubular NRK-52E cells.
NRK-52E cells were treated with Palmijihwang-tang in absence or presence of 30 pM cisplatin for 12 or 24 h.
Palmijihwang-tang at concentrations of 50-800 pg/ml did not change the cell viability in NRK-52E cells, and showed
no significant toxicity. Palmijihwang-tang at concentrations of 400 and 800 ug/ml significantly increased the cell
viability and reduced apoptotic cells in NRK-52E cells exposed to cisplatin. Also, Palmijihwang-tang markedly inhibited

cisplatin-induced caspase-3 activation, PARP cleavage,

ROS production and pb53 activation in NRK-52E cells.

Furthermore, Palmijihwang-tang did not interfere with the antitumor activity of cisplatin in AGS and A549 cancer
cells. Particularly, Palmijihwang-tang enhanced antitumor activity of cisplatin in A549 cells. Taken together, these
results suggest that Palmijihwang-tang ameliorated cisplatin-induced nephrotoxicity through reduction of ROS
production and p53 activation, and did not interrupt antitumor efficacy of cisplatin against cancer cells.
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AoE
FIAe  HUAMdHolgnr Fel: AJAEE(Cisplatin,
cis-Diammineplatinum(Il) dichloride)2 ¢ X|&2°] 2] ALY
YA Jhed stz w3 Ute] 27l dact dauobt )
A€ sigrgo|ct?. 2FX|g X AZatElo] et steheEe AR
=4, AFSH, RBSH, 220 2 A $AE g
of Mzxel A aIE woigten|, So] AFEHL ¢ TR
A AN2ZHY sty E A8sh=t a3 AR aglo] =1
QTFY. T2t o aixjol AN AlASelele] setaye Feal]
gl AAZeEle] AFSHS Y] 9 AW kb
AgEln o, FulH YAMAE olgstel YA HAEL
AxJsh7] 9t A7} o] RojR| L Y},
#h#(Rehmannia glutinosa Liboschitz)2 X Zflo] 45t=

ZAEE BAO, £HES FF, BF B AIFE ARABE
2AS mpolgty st MiE S Hifo] MRSt Hato
HeWmY RFEES 558 7R Yo 53 M I
A BA8S Aol o2 HUEQET, in vitro AFOlA
wE oshe £5Eo| AAZaEd o3 HEY € BEYS ¢
gtste Zo2 wnEt?B. E3 Mg Fofoz BujAY
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WERE, UMK, BR%, 88, w2 WY oF 71X o=
T AT NAnkipEige @ 2Ya APAH Fol ABow
ASE Y, Pgn d Hxd gapt E e Biuggo
o0, £3] AR7IsNE At auts JHRE oR Ba
3P e N

oA 2 ddAE FgA R8-S gttt 252 T
RS LALR st A F ABEE ans UYElEs AR
wEE 5222 AEste] AaEdHoz {3 A F AR
M Z7<Q1 NRK-52E N|2o] AF=4g0] ot B8 852 45t
A, AGS gAIZ F A549 HIFAI RN AAEGH G &

O B3E £l ROl ATE AWl washe vl

A ERER

LAl 3 A
(cis-Diammineplatinum(II) dichloride),
diacetate (DCFH-DA), dimethyl
sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
(MTT), iodine  (PI),
(RNase A), anti-f-actin A S
Sigma-Aldrich Chemical (St. Louis, MO, USA)2YE 1YY
t}. Halt protease&phosphatase inhibitor cocktail?} RIPA lysis
buffer 52 Pierce Biotechnology (Rockford, IL, USA)ZYE
A5}t  Anti-cleaved caspase-3, anti-PARP, anti-p53,
anti-phospho-p53 (Ser1l5) 59 JA|ESL Cell Signaling
Technology INC. (Beverly, MA, USA)2EE 1YstYct.

Cisplatin
2’, 7" -Dichlorofluorescin
bromide

tetrazolium propidium

ribonuclease A

2. \RihEE 25289 Ax
1) o

2 Ao AR AR5 AR Rz, WLEE, 1L
K, BR%E, B8 B, i AT QUTEAIHEE, &
Dol Y 5 GAsto] ALgSIAT, AvkaEme] 14 o
+ B RARY "EEEK. Fstde, F 13 7 5482
AHg-51gitKTable 1).

Table 1. Medicinal Herbs of Palmijihwang-tang

BEE e ] EE(g)
T Rehmanniae Radix Preparata 16
I3 Dioscorea batata Decaisne 8
Y Cornui Fructus 8
BRE Poria cocos Wolf 6
=] Alisma canaliculatum 6
A E Moutan Cortex Radicis 6
A Cinnamomum cassia Pres| 2
FF Aconitum carmichaeli Debeaux 2
st 54

2) A9 »&

ABk#hES 54go] 24 1.5LE 7}8to] 100°CoA 3A]7t 1
8 Fastoli, 289 AYR2 o¢x|(Whatmann No. 4)E °]&
st ojafstelet. oatd Nk AFAe FEUXIIE E90

52 Axsto] 6.928 (FSBW/W)=12.8%)8 BSstol AL A7t
x| -20°Co] Bs}SALE.

3. A=ujg

NRK-52E, AGS, A549 A|EZEX American Type Culture
Collection (ATCC, Rockville, MD, USA)Z Yg EQHkory,
10% FBS (Invitrogen, Burlington, ON, Canada), 100 U/ml
penicillin, 100 pg/ml streptomycine] Zstel DMEM ®jA] @
F-12K HJX](Gibco/Thermo Fisher Scientific, Inc., Grand
Island, NY, USA)Z A}&31o] 37°Ce 5% CO, ArejolA Hjokatd
t}. HlZL 1X10° cells/ml2 seeding &lo] 24A|7t AW|Y T,
10% FBS7I %3tel DMEM % F-12K ®jX|o|A] AKh#EG 5
F39 @ AABe4RL Aoty

4. JJZ/J£-g Y Lactose dehydrogenase SJZA}

NG S5E20 U A2 BEEZ FA] Hal
MTT g o]&sto] FAsHYh AlE: 24 well Eo]E0] 24
A JAHig £, NARES £5FE2 50, 100, 200, 400, 800
ng/ml =2 24A3t A6ttt 0.5 mg/ml MTTEH-S Zt7}e]
wello] 500 pl A7}ste] 37°CO|A] 4A|7t BjQkat Bof, AERS |
Ast ¥|45849] MTT-formazan ZAAREL DMSOL% 200 pl
d7tsto] 2355ttt Formazan® 2 SpectraMAX 250
microplate spectrophotometer (Molecular Devices,
Sunnyvale, CA)S 0|83} 570 nmoX &Z=& EAs5Ych
AZABEE2 T3 Zo] Albsto] WEa(%)2 e Ict.

Cell viability (%) = (ODsy of treated cells/ODs7; of control
cells) X100

NBRES S5E2 OFt AEZsde FFsl a6l
lactose dehydrogenase (LDH) cytotoxicity assay kit (Pierce,
Rockford, IL, USA)E 0|83t 545ttt AlELE 24 well 22
O|Eo] 24A17t RMulF &, NKiFEE E5&F=S 50, 100, 200,
400, 800 pg/ml H=2 24AIXt Aottt AZALS] o] ot
g} zizto] AMZujx] 50 nlet Reacture Mixture €% 50 pl& &
groto] A =70lA 3023 FRIAZ F, 50 plo] Stop 892
A7tsto] wHeg £85MYch 1 3 SpectraMAX 250 microplate
spectrophotometer (Molecular Devices, Sunnyvale, CA)ES 0]
8350 490 nm¢ 680 nmoA FFEE FAHSIC. AESYL
chea} o] Astetel MEG(%)Z et

Cytotoxicity (%) = [(ODa4gp-ss0 Of treated-cells - ODago-680
of spontaneous control cells)/(ODsg-650 of maximum control

cells - ODygo-630 Of spontaneous control cells)] X100

5. AE 24

ALE AGhb¥ES 2252 400 pg/mist 800 pg/ml 5
2 102 AR 3, AAZADL 30 M SES 24K7 Ul 3,
Az B5g 2sto] PBS (pH 7.42 ARstdch ARG Azt
32 70% o 4ColA 1A 13 ¥, DAY AXE PBS
(pH 7.4)2 23] AIA5to] 1 ml9 PI (10 pg/ml)/RNase A (100 n
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g/ml) §Hog RELJAA I7°CA FA zA02 1A vjgst
Att. DNA 942 FACS-Calibur (BD Biosciences, CA, USA)S
Argsto]l &A5H9t. HlZF7]E= CellQuest Pro  (BD
Biosciences, CA, USA) AZ EJ]o]& o]L&5}0] A5t

6. Caspase-3 &4 ZAAt

Caspase-3 &AL Colorimetric caspase-3 assay kitZS
olgstel Astairt. AZALe] W] WM AEgNTL 23
slgia, Bradford ZAPES olgslel @MiAsEE Zgsholrt
50 plo] M =&3E(F 50 pgel TEA)T} 50 ple] 2X Reaction
buffer @ 5 nl9] 4 mM DEVD-p-NA substrateE &3%5to] 3
T°ColAl 1A|1ZF vjY5t9ct. Enzyme-catalyzation o] Y&
SpectraMAX 250
spectrophotometer (Molecular Devices, Sunnyvale, CA)E o]
85}0] 405 nmoJA F7g5HAct.

Caspase-3 activity = (ODgo5 of treated cells/ODyps of
control cells) X100

p-nitroanilide& microplate

A AAZ(ROS)= DCFH-DA fluorescence assay©l] 9J3j
£735t%t. NRK-52E A&+ HBSS (pH 7.4)0] 3t ¥ ARG 2,
25 uM DCFH-DA/HBSS (pH 7.4) £91S H7}sto], 37°ColA 1
AIRE gt vl &, &HZ AAStL NKkEE =5E=
= W AAY & &, AAEHHE A2sto] 1243 i gst
t}. Flurescence intensity: excitation M5} 485 nme}
emission T4} 524 nmof|A] &A 59t

Ir

MEZe 430z JIxE PBS (pH 7.4)2 AAst, 1% halt
protease&phosphatase inhibitor cocktailo] ZgHel RIPA lysis
buffer2 2JA171 & A3 $JollA 307t Eallstitt. A2-8slE
E2 4ColA 14,000 rpmo2 1587 AR oI, G
L= Bradford ZAPEE o]&sto| £4stt F 40 pgo TA
AZS SDS-PAGE Az  HIsigin,  40VolA  3A|7E
nitrocellulose®} 9|2 THIAZ FoA|Zct. DA o] Holgd 2
5% skim milk7} E$HEl Tris-buffered saline+Tween-20 (20
mM Tris-HCl, pH 7.6, 150 mM NaCl, 0.05% Tween-20)0.2
H]5o] A2 AFAZ &, 1&} FA(L:1000)5 AFAZAT. HY
&L peroxidase’l 0]+ anti-rabbit £+ anti-mouse 2X}
SHA(1:2000)2  AFE38t9]  SuperSignal West Pico PLUS
Chemiluminescent Substrate (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA)o] 9] &X]5}9il, FluorChem E System
(ProteinSimple, San Jose, CA, USA)Z o]&35lo] o|u|x]|s}stR
t}. EXYulxl ¥ico] 7rg = Quantity One 4.6.6 software
(Bio-Rad, Hercules, CA, USA)E o]835}o 4X|3}st9ct.

9. 3AXZ
£ gdo]g9] A= Tj=mjc =z2]% 6(La Jolla, CA) &=

2 %

1. NRK-52E AN x| Tfst AbkshEine] =4 aqt

NG 25550 thst NRK-52E AZFA| Lo ofgt A=
AEE L AEEHES F767] Yall AlZEE 24 well Z0]E0]
24X RAUY 3, AR#EE 2FF=2 50, 100, 200, 400,
800 pg/ml =2 24Xt X2]sto] MTT LdZAAet LDH 44
AHE ARSI AkihES 25522 NRK-52E AGA 2ol A
ZRELY disl izt "wste] foXQl F4AE YEUAl o
Stomj(Fig. 1A), LDH SAolME Akt 25589 $E3
7toll @2 NRK-5E XGFAIZO] NEEA 5717t UEfUYA] gttt
(Fig. 1B).
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Fig. 1. The cytotoxicity effect of Palmijihwang-tang on NRK-52E cells.
The cells were treated with 50, 100, 200, 400 and 800 ug/ml
Palmijihwang-tang (PMJHT) for 24 h. (A) Cell viability was measured by
MTT reduction assay. (B) Cytotoxicity was measured by LDH activity assay.
Values are means + SD, N = 3.

2. NAZ2Y {29 NRK-52E AVGA| 29| AlZAHO] Thgt Ak
#EZo ant

Al AZE] oJFh NRK-52 AVGA| 2] AJZAFHO] Thgh sk
w5 GakS RG] 915 NRK-52EN|Z= NKiHEG 5
£82 400 pg/mlt 800 pg/ml F=2 1AZF WA £, 30 uM
TR AAZAYES 24X A2siQich. MTT & AAE &8
NZBEE 5% AN NkEy 25382 A2E3H
o5 Fad NMEBESS F7MIRTHFig. 2A). AAZAHS A
g AZolA NkhEE EFEES AAEHYW AT Az
M| ZAYE2(48.2%)3 ¥]25to] 400 pg/mlit 800 pg/ml F=oflA]
717k 68.3%2t 79.0%2 NZBEES RO F7MIF. AAIE
Ag B¢ oI FEAIA AEHE BEoNE ARMEEG 255
2 Al2Z2do] 93] F7Hd oFFEAIA AlZ4(Sub-Gl peak)
S ZaXZoun(Fig. 2B), AlASHT A2Jgh ALO] olFEAA
A2 &(45.4%)3} vlasto] Nk#EE S5E29 400 pg/mlt
800 pg/ml = oA Z}zZF 29.7%9} 23.4%2 OFFEAIA N ZH|E&

1=
o
=]
=
=2
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< fYAFer ZaAFS ®E, AAEIH s FUME
caspase-3 A2 NKR#FEE S5E20 9o Zdastdod, A
A2 ZHT S5X 2|3t MZ9] caspase-3 4(777.5%)7} Y] w5}
o] 400 pg/mlyt 800 pg/ml 5E0] AWK#FHE SFE2A Z
Z} 475.6%2 259.1%2 8-°]51A caspase-3 &Alo] ZrAstgEct
(Fig. 2C). Caspase-3 THlAl W B MoA L caspase-3 &4 &
MAautel FU5HA cleaved caspase-3 o] NIKHEE 73
=0 95 ZAstglon], caspase-3 &/do] 23t PARP HHs}o|
HNe N\R##EE 5522 A2ZaE 9] F71%t cleaved
PARP a8 Zr4A|ZHtHFig. 2D).
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Fig. 2. The effects of Palmijihwang-tang on cisplatin-induced
apoptosis in NRK-52E cells. The cells were treated with 400 and 800 p
g/ml Palmijihwang-tang (PMJHT) in the absence or presence of 30 uM
cisplatin for 24 h. (A) Cell viability was measured by MTT reduction assay.

(B) Apoptotic cells were quantified by flow cytometry following staining
with propidium iodide. Values are means + SD, N = 3. The statistically
significant  differences compared with cisplatin-treated cells were
calculated by Student's t-test. *p<0.05. (C) Caspase-3 activity was
measured using Colorimetric caspase-3 assay kit. The activation was
measured as the increase in activity (%) with respect to untreated cells
(100%). Values are means + SD, N = 3. The statistically significant
differences compared with cisplatin-treated cells were calculated by
Student's t-test. *p<0.05. (D) Whole cell lysates were subjected to
SDS-PAGE followed by Western blot analysis with anti-cleaved caspase-3
(p20) and anti-PARP antibodies. The numbers below the bands indicate
the relative density ratio of the respective protein normalized to the
internal control (B-actin).

3. NRK-52E AIZAM|ZoA A|AZatEl G &% reactive oxygen
species /32t p53 FAgoll Tt AwR#hEE5O &t

Al A= 8l 9] AIEA-L reactive oxygen species (ROS) A3
¥ 9 p53 Wy WEsHA BAsle] glou], ROS Y L p53
24 AAl= AAEREY A S gelote Ao HuEQY
B webd Ak 25589 AASIY AFEHo] O
Al a7t ROS A4 € pb3 F4at AdE 0] A=A ZAH]
]3] NRK-52E AN|ZLX AK#EE 25522 400 pg/mlyt 800
ng/ml =2 1A AXE §, 30 uM 559 A|AZIHS 124]
7t A2lsto] ROS A37dx} p539 QA I g RASHgITh A
AZEEHT A3 HxojA ROS A/d2 1.74] F7stglA|qt, 400
pg/mizt 800 pg/ml 520 Akin#EE 2FES0A 272 1.34]
o L1412 {954 ZAsttHFig. 3A). pb3 Q4te 2 FHd
F BAOAE AlaZetdo] 9§t pb39 Qi HFE(124]) £ F
I 27 (4.580)0] 400 pg/mld} 800 pg/ml =04 pb3 A4kt
717t 8.88fj9} 7.4¥]2 ZtAst@on, p53 EurdL 3.2u[9t 2.7
2 ZYAst9cHFig. 3B).

T o

= o

A B

0
;? 4 - - - + + + Cisplatin (30 pM)
%;1.5 . ~ 400 800 - 400 800 PMIHT (pgml)
i g i I B -|(—Phusphu-p53
E1
is 10 08 09 120 88 74
ne
820.5 |— - - - —|<- Total-p53

~ 1007 05 45 32 27

00

t o+t Cipltn G0 |""'"""""|"|”A°““

- 400 800 - 400 800 PMIHT (ug/m)

Fig. 3. The effects of Palmijihwang-tang on ROS production and p53
activation in cisplatin-treated NRK-52E cells. The cells were treated
with 400 and 800 pg/ml Palmijihwang-tang (PMJHT) in the absence or
presence of 30 pM cisplatin for 12 h. (A) ROS production was determined
by DCFH-DA fluorescence assay. Values are means + SD, N = 3. The
statistically significant differences compared with cisplatin-treated cells
were calculated by Student's t-test. *p<0.05. (B) Whole cell lysates were
subjected to SDS-PAGE followed by Western blot analysis with
anti-phospho-p53, anti-p53 antibodies. The numbers below the bands
indicate the relative density ratio of the respective protein normalized to
the internal control (B-actin).

4. AGS AYANZ L A549 HAA LA A2E2H FF 24
ol tigh ArRihE#Eo] aat
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NRK-52E AZGA|Zo|A A|AE2HI ARG 2558
W8 AR A% AAZeteo] Agsgo] dstH: Aoz
Uttt Jet Asksiimel AlAZehe AREAdo) g st
aip7h AAERRO FAFYE Adlsks adE UeErd £ 9l
ol AskiFEGol AlAEH U o oW FFE F+=
A ZASIECE AGS SIUAT A5 HYHIL AskiIE B
F&EE 400 pg/mlzt 800 pg/ml =2 1A3F AAe] &, 40 p
M 20| AAZHH S 24A3F A2|5}0] caspase-39] 7 R ¥
@at PARP AHSLE FASIT ARMEG 85522 AGS ¢
YAl R A5 HIAEAJN  AlAFEH 9] f=Y
caspase-3 @/Jit PARP AHIE ZAA7|R] FUchFig. 4). &
5], A549 HYA| LA caspase-3 &/J1} PARP AH3I= NABRHh
®iH 25F2° ol F7koti=d, AAEHT 2§ Ab49
HAAN|ZEO] caspase-3 &4J(518.9%)0] 400 pg/mlx}t 800 pg/ml
RO NRIEE S5E200A 242 589.0%<t 651.6%= F7tot
QcHFig. 4A). ESH, Ab49 HYA|XO] caspase-3 ¥ PARP AH
3} BAHA = A|AZgtelnr X3t N2 cleaved caspase-3
4 2%5(33.88))1t cleaved PARP 2rd4Z(15.28[)0] 400 pg/ml
29 NkEE EFEE0NA= 47 36.6Hiet 17.2812 57t
stion, 800 pg/ml s=° NAKMEE =FE2oM= 44
38.54[19} 20.38]2 Z7}stgcHFig. 4B).
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Caspase-3 activity
Caspase-3 act

- - - 4 b+ Ciglatio @0 - o b et Cisplain (400
- 00 S0 - 400 $00 PMIHT () - 400 800 - 400 $00 PMJHT (rgm)
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- - - + + + Cisplatin (40 pM) - - - + + + Cisplatin (40 pM)
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10 10 11 241 237 220

<= Cleaved caspase-3
1.0 09 1.0 338 366 385

WP e W | < Full length PARP

v s | & Cleaved PARP

[N W w— e | € Full length PARP

W W | € Cleaved PARP

1.0 11 11 152 172 203

10 1.1 10 83 89 89

€ P-Actin € }-Actin
Fig. 4. The effects of Palmijihwang-tang on cisplatin-induced
apoptosis in AGS and A549 cells. The cells were treated with 400 and
800 pg/ml Palmijihwang-tang (PMJHT) in the absence or presence of 40 p
M cisplatin for 24 h. (A) Caspase-3 activity was measured using
Colorimetric caspase-3 assay kit. The activation was measured as the
increase in activity (%) with respect to untreated cells (100%). Values are
means + SD, N = 3. The statistically significant differences compared with
cisplatin-treated cells were calculated by Student's t-test. *p<0.05. (B)
Whole cell lysates were subjected to SDS-PAGE followed by Western blot
analysis with anti-cleaved caspase-3 (p20) and anti-PARP antibodies. The
numbers below the bands indicate the relative density ratio of the
respective protein normalized to the internal control (B-actin).
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