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Cytoprotective Effects of Bohyulmyunyuk-dan in Cisplatin-treated Brain Cells

Tai Hee Kang*, Gu Moon, Suk Jae Moon, Jin Hee Won
Department of Internal Medicine, College of Oriental Medicine, Wonkwang University

Bohyulmyunyuk-dan is an Oriental herbal formulation to enhance the general body conditions as well as immune
response against both endogenous and exogenous harmful challenges. This study was designed to investigate the
effect of Bohyulmyunyuk-dan on the cisplatin-induced toxicity of primary rat astrocytes and C6 glioma cells. After
trestment of astrocytes and C6 glioma cells with cisplatin, MTT assay was carried out to measure cytotoxicity of brain
cells. To explore the mechanism of cytotoxicity, astrocytes were treated with Bohyulmyunyuk-dan and followed by the
addition of cisplatin. Then, the protective effects of Bohyulmyunyuk-dan were investigated in apoptosis signaling
pathway. The results were obtained as follows ; Bohyulmyunyuk-dan protected the death of astrocytes by cisplatin,
which decreased the viability of astrocytes and C6 glioma cells in a time- and dose-dependent manner.
Bohyulmyunyuk-dan protected the apoptotic death of astrocytes from cisplatin induced cell apoptosis.
Bohyulmyunyuk-dan inhitited the activation of caspase-3 and -9 protease in astrocytes by cisplatin. Bohyulmyunyuk-dan
inhibited the cleavage of PARP in astrocytes by cisplatin. According to above results, Bohyulmyunyuk-dan may prevent
brain celis from cytotoxicity induced cell apoptosis induced by chemotherapeatic agents including displatin.

Key words : Bohyulmyunyuk-dan(# I % % /3), astrocytes, C6 glioma cells, cisplatin, cytotoxicity.
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Cisplating A3 HAIZolA HMRBHETY HELIEH

71 91819 cisplatinQ F A)gt A Zo)A] flow cytometryE 0]8
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Table 1. Prescription contents of Bohyulmyunyuk-dan Per Paci

rEL 4+Eg 2% 21(g)
s Radix astragali Astragaius membranaceus 2
A% Radix ginseng Panax ginseng C. A. MEYER. 8

%% Placenta hominis Homo sapiens L. 8

7 5% Mucunae caulis SoaltholobDuusn r?uberemus 8

" Herba oldeniandiae Astragalus membranaceus

BELER diffusae 8
ait Rhizoma atractylodia  Atractylodes maceocephala 8
n macrocephalae KOIDZ.
” Radix angelicae
B gigantis Angelica sinensis DIELS. 4
Total amount 64
2) Aot

Cisplatin2 SigmaAl(St. Louis, MO, USA)2EE] 7 slA,
phosphate buffered saline(PBS, pH7.4)2} dimethyl sulfoxide
(DMSO)Z. Edall¢h & 0.2um filter(Millipore, Bedford, MA, USA)
E EIRAA AIEBITE M2 D 9] H4 psko] o] &S Al
Fufekate FalconAlBecton Dickinson, San Jose, CA, USA)Z &2
Bl 7619 29m PARP @Al= Santa CruzAl(Santa Cruz, CA,
USA)olA] MTT, Hoechst 33258, HRP, DMSO, JC-1, Rhodamine
123 & SigmailollAl TSI AMESIIL DMEM, Sfefold
A, 444 &2 GIBCO BRLAKGrand Island, NY, USA)Z EE]
T, A8sIrh

2. Wl
1) AAxA

Ul AR UM oEhE SWE AHBSE £&51d 2
Ado)] o] E3IFT)E. HA detE FEES MMBET 64g2 ol
EbZ 149 87 Eekhdol Eol o1 8 LEULES WAl
g o2 AZZ o3k 3,200rpm .2 208 A B & =&
7)(Rotary evaporater)Z &&3 THS, 70T (Deep freezer)ollAl
12A)7} )4} B4 A)F)1L Freeze DryerZE EZAZAIZ] RS Al
EE A83Irt

=
=

2) MEajF

EOA astrocytesE E2151] 10% PEjo} @Fo] EgH
ME IBCE 5% COp 95% th7187] L 37T ME ui7]ol
A 10em M|EZ wfkEol] wiSIACE EJF oy AFuEQ C6
glioma AlZ= o= MZF2(KNCC, A Etistm)ols B
ot 10% Ejot EHol ¥ DMEM HZaGACZ 5%
CO,, 95% ti71&7] X 37T A uig7]olA] 10 cm ME wjQ
Thofl WRABIRTE. 24417 THE Q2 EDTAE AMEEI Aoy
SI2H, YN S WAB F log phased] VYT M EolA Eet
Aol Qe MZAFE S} olet A BAMIESHQl dEe
FYoict

3) Az Y4E8 58

Astrocytes®} C6 glioma MZE 24 well ME ujkaho
1x10° cells/ml® 2758} 24 AlZH ME sl To] BAR]F| L
csplating Aglslad MTT(0.5mg/ml)Q} 3X17} BESAIZATE 4o}
Ae Alzol 9ol MITZRE] YHE Hell 284 formazan
2 DMSOZ &3l15ta] 540nm I+&}ollA{ ELISA reader(THERMO
max, USA)E EHTE FFIYT. £8¢ formazan Y4 BE
B HYUEQ A2 3t Hinsl] WEE(%)E FAISKHEC.
4) Flow cytometry 24

HEZRNY MEE 2o AUETE & thS, propidium
iodide(P) 8N 2 2057 ME w0 BF2A]7) 3, flow
cytometryE 018310} MEZIALE SUIH XY YEES 5F
olol MEEE FZ(%)0INct

5) @ 4§(Hoechst staining)

H280 HERE FBAUIFE ol&skd HEDINTE HA
4% formaldehyde 8N OZ MEE THAZl TS, PBSE 2H A
A5}l Hoechst 332582 100ME 3|45l0] 1082 F48H Zof o}
Al PBSZ A&gled #EBINCH A E3en 4 (Nikon Eclipse
TE 300, Japan) O|8314 10x109) WIEE AIRE AT}

6) Caspase family cysteine protease £ &

HEXRAG AMEE 4TolA 302 ME SRIEH(1% Triton
X-100, 0.32M sucrose, 5mM ethylene diamine tetraacetic acid
(EDTA), 1mM phenylmethylsulfonyl fluoride(PMSF), 1ug/ml
aprotinin, 1ug/ml leupeptin, 2mM dithiothreitol(DTT), 10mM
Tris/HCl, pH 80)2.2 3l 14,000rpmC.E 158 A48
E 81 o] mW YojR HEHL Bicinchroninic acid %ol 30
2+ ¥ESAIA ELISA readerE 018610 540nmoiiA] HE SIXATt
sl dojx 100pg9] ME  IRHNES  caspase assay
buffer(100mM HEPES, 10% sucrose, 0.1% chaps, 1mM PMSF, 1
ug/ml aprotinin, 1ug/ml leupeptin, 2mM DTT, pH 7.5)0l 3]4]
Hol EBEXE 71EB 37ColA 302 S F
fluorometer®  caspase activity (caspase3: AMC-DEVD,
caspase8: Z-IETD-AFC, caspase9: Ac-LEHD-AFC)E Z&35Itt.
ojule] T}AFE  excitation wavelength(380nm)@}  emission
wavelength(460nm)E ALE3I4T.

7) Western blotting

HEZA A Zoll cisplating AMEE AP & MEE

ZET thE MAE S EUST 4T SlollAl 2t £ BCASN

- 297 -



oy -2 7

o] A3l EHCE FHSKITE F ulY sample buffer (5mM
EDTA, 4% sodium dodesyl sulfate(SDS), 20% glycerol, 200mM
Tris, pH 6.8, 0.06% bromophenol blue)E E8}51d 100ToliA 3
2 718l thlAo HYE RSkl 10% sodium dodesyl
sulfate - polyacrylamide gel electrophoresis(SDS-PAGE)E Al
it Arigsol Bd  geld] THEZE  nitrocellulose
membraneSF 08mA/crd H7IE ZojFHA O|BAIN F
blocking buffer(5% skim milk)Z 2204 14]17} ©ISAIA HIE
o15Q1 FAHISE o}F|A1ZT). PARPo] tigt &4 (Santa Cruz
Co., Santa Cruz, CA, USA)E TBSol LL000SE 345
nitrocellulose membraneil} 4204 227} kS AJZich. 0213}
AO) anti-rabbit IgG conjugated HRP(TBSE 1:3,0002.F 3]4,
Amersham Co., England)2 membrane$} 41204 1413} §kS
Al# ECL kit(Amersham, England)Z AH23lo] 2MY & Egloj
L&A
8) Atz

HEAIE ke 33 ol =@FQ dEdaold, olg9
B f(mean)d} XFFxHstandard deviation, S.D.)E A1&E6l 11
ZIE stadent-t testS 0183 EAE FAHE BAETIAUCT

4 %

\

1. Cisplatinil #MRESOl AE=H vlije B

Cisplatin®] MEZZHE WONZIUAL astrocytesdt C6
glioma Aol cisplating BT, ARIEE Agiglil MIT
assayE 0|83l HE BEES ZHBIYC A astrocytesd}
C6 glioma A 20 cisplating STHE 2448 A2l &
T YEHCE ML YEE0] AaEHE ARIGIACHFig. 1AB).
AZEHY A1 AEHQ] HIElE UotH A} astrocytes} Co
glioma M| ol cisplatin 10pg/mlE RIS AIZHE Kool 9]
g HZEHE BESC
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Fig. 1 Cisplatin decreased the viabilty of brain cells in a
dose-dependent manner. Cells were treated with various concentrations of
cisplatin for 24 hr. {A) astrocytes, (B) C6 glioma celis. Cell viability was measured by
MTT assay. Results represent as the mean(%)£S.D, of three independent experiments,

Astrocytesoll A} cisplating HEIBHA] 12417} 0| FRE] 4]
F 9| E4o] BAFUL, 24A1710] ATBIAL ME BEG0] B}
N Zoll BlBl 60%WT BABIGTHFig. 2A). C6 glioma AlE
o4& cisplating AEISHA] 12811} O] HE] M EZHE Hol
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7] AlE o, 24x]710] A & M 29| HEE0] FHAA Eo|
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Fig. 2 Cisplatin decreased the viability of brain cells in a
time-dependent manner. Cells were treated with 10 wg/ml cisplatin for the
indicated periods. (A} astrocytes, (B) C6 glioma cells. Cell viability was measured by
MTT assay. Resuls represent as the mean(%)+S.D. of three independent experiments.

Cisplationoi] 2§} astrocytesS] AME E4oll theh #l %L
o) BSENE E018)7] {510 astrocytesoll cisplatin 10ug
/mldl BNHEERe sTEZ MA7EQ Mg F MIT
assayE O|83ld AMETUEES FHNCE MOBEAS
cisplatinol] 9|} astrocytes MEEH S Bk AEFHE AR
3100, 200p3/ miE FOBIRE W ME YEEO] cisplatin T
Al ol vlnskd 20%E T E71=EAC)(Fig. 3).

Viability (%)

Cisplatin - 4+ 4+ + o+
Bohyulmyunyuk-dan 50 100 200
Dose (ug/ml)

Fig. 3 Bohyulmyunyuk-dan protected astrocytes from cisplatin.
Cells were treated with various concentration of Bohyulmyunyuk-dan and followed
by the addition of 10 w/mi cispiatin for 24 hr. The viabillly was measured by
MTT assay. Results represent as the mean{%)+ SD. of three experiments.

2 Cisplatin?} #IM%ELEFTO] MEMATE R &3

Cisplatin Z2doll 2I¢} astrocytesO] HENEIHQ) H3lE o
O} T} astrocytesol] cisplatin 10gg/mlE XZISHL 244]710]
Z3t & 4% paraformaldehyde® A|ELE 1HSHL, Hoechst
332582 & g AlPSIATE. H4 AT astrocytesoll A= E}
fgoln S FEHY do] TAFACLY, cisplatinS X218 A
oAl MEIALY FeigE EAF shl HAAL 8F
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Cisplating 2|8} HMZolAl HIREA MEgolan

(chromatin condensation)3l&lo] BETQACHFig. 4).

Fig. 4 Cisplatin induced the apoptotic changes of astrocytes. Nuclear
fragmentation shown n astrocyles treated with cisplatin by Hoechst 33258 staining.

of AEldlal gaxle] SEEUE FEICEE, flow
cytometry EAHE ol835l0 MEILA Fie SIGIAUCE
astrocytesol] cisplatin 10pg/miE ARSI 244]7k0] Hag &
AEZ ZZX5K] P1 A Mol MEQ DNAE E4%H £
o}l flow cytometry 241S 01830 MEF715 BAsIHCHY.

Hal AZoliE= MZEITAL HIEO] 250%% 2L} cisplating
Meldt A TollAiE 43.93% 2 AE AL Bl8o] EA5] &kt
AOL} astrocytesol] cisplatin 10ug/mlz} #MFEFT 20048/ ml
g Agigt AgToAE AZIAAE UERIE sub GO/G1 AE
o] 13.03% 2 cisplatin B¥EXE| ol HlWale] XS WEES
9 slEg #are 4 UUCHFig. 5).
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Fig. 5 DNA content analysis of astrocytes by propidium iodide
staining. DNA content of nucler was measured by flow cytometric analysis at 24
after treatment with cisplatin. Cells were treated with 10 w/ml of cisplatin for 24
hr and analysed their cell lyate by flow cytometry. The results are representive of
two independent experments.

3. Cisplatin®} #1555 30] caspase W&ol W|X|E Fat
Cisplatinol] Ot M EAIE HEE MEZILAV} caspased

g8 AV AEAE #1611 9161 caspase] cysteine
proteasesZ0llA] caspase -3, -8 & -9 cysteine proteases®] &
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HIHEE ZABIIEE.

Astrocytesoll cisplatin 104g/ml€ X215} 6417 FHE]
caspase-3 protease?} 4517} A|Z}5H0] 1841710l 2] LX) (558H)
E JEeRITh E31 caspase-9 proteaseT cisplatin K] & 647t
He] 243iE]7] ARSH] 1241310 158Y, 18417kl 30 71K &
o] Z71519 AU}, caspase-8 protease®] B W= HETA|
UQITE. C6 glioma A ZAAME Y FHE BHT) Cisplatin
10pg/mlE X2ISHIL 6417} & EE] caspase-3 protease®] 4T
gHS E718l71 AASKY 2441710] 1587HR E716H8.2M,
caspase-9 proteaser= 24A]7lo]] 3uj o] EHE/IE LIERITH
20} caspase-8 protease 449 FSH HELE VIERIA 9
Q. (data not shown)

L2 O 2 HIEETo) cisplatino] 23} caspase B4 S
RAIZIEA] Lot 7] A3l astrocytesol cisplatin 10ug/mlz} #
MBS =THE 24A]7} A28 & caspase family caspase
protease®]-3, -8, &9 protease®| FH € EFFIACE. I AN ®
MEEFFS 200ug/ mIA21A] caspase -3, & -9 proteased] FAH
EHg UL SEO0Z 3| BAIZTHFig. 6).
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Fig. 6 Protective effects of Bohyulmyunyuk-dan on the
cisplatin-induced caspase activation in astrocytes. Cells were treated
with various concentrations of Bohyulmyunyuk-dan and followed by the addition
of 10 w/ml cisplatin for 24 hr. Lysate from cells was used lo measure activity of
caspase family protease using fluorogenic peptides Ac-DEVD-AMC (50uM) for
caspase-3 protease, Z-ETD-AFC for caspse-8 protease and Ac-LEHD-AFC for
caspase-3 protease as substrales. Data were represented as a relatve
fluorescence compared with the control values. Results represent as the
mean{%)+SD. of three experiments.

4. Cisplatin®} #I1%&EF ol 98t PARPY Fth

Caspase-3 proteaser= DNA §HJ9] &n} F4~01 116kDa9]
PARP thii A1 g Hrtslod o] 48 BEYSK17I0, DNAS] &
A4 IEIA RITE sl MZAAE FUARIC41)
Astrocytes®} C6 glioma A Zoj] cisplatin 10xg/mlg Rigt &
PARPS] Z&tg 2RI5V] Al 24219 AZE ZH6K AE o
HHE AL o]F H/IFE F PARPo] i BAE A3
Western blottingE A|#18}%it}. 1 23} caspase-3 protease/t &
S g4g HO! astrocytesoll ] cisplating XeIgH 124]7%l
PARPS| Heio] BRSIUCHEg. 7).
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Fig. 7 Cleavage of PARP in cisplatin-treated brain cells. Celis were
reated with 10 w/ml cisplatin for vanous perods. Lysate from cells was
separa’ed on 125% SDS-PAGE. PARP on the nifrocellulose membrane was proved
by ant-PARP antibody and the immunoreactive band was visualized by ECL kit

CH2 O astrocytesol] cisplatin 10ug/mist FOBETS &
THEZ 242 HElslel BERE PARPY 3E0{RE Hash
it 1 A MI%AET 400ug/miS PARPS] £E0] Wo|xo]
278 YelQl 116kDa%) THiZ S B AUCHFig. 8).

.| < 116KDa

Bohyulmyumyukedan 100 200 400 Dose (ug/nd)

Fig. 8 Protective effects of Bohyulmyunyuk-dan on the
cisplatin-induced PARP cleavage of astrocytes. Cells were treated with
vanous concentratons of Bohyulmyunyuk-dan and followed by the addiion of 10
w/mi cisplatin for 24 hr. Lysate from cells was separated on 125% SDS-PAGE.
PARP was proved by ani-PARP antbody and the Immunoreactve band was

visuatized by ECL kit
Z
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o Ziag s pE Z7RIZICEL BNES HINEN - FEHEG
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7 QTP Cisplatine> DNA cross-linking agent® St 317}
45 Blnd XFHEAV Hol GAag viEsked g, B
BY W FHR 5 5ol Lol AR Ue Aot 18
L} cisplatin®. t 229 §otA|9} viRVIAIZ AAFY, BN
o, AaB] U S5AM} HFAFOE Q15 HAHA
a7 89 RIEe FUE Popist ZEY XFE ok oY
9 ERE0Z AIS UES #AA BT

ololl MAK= BIRW RFAl HiAZol vl MZANE
NET olF MmmAEEAY AEIBEHE YEFe YL
A} cisplatino]] 96} astrocytes®} C6 glioma®) M| EZH 1 HZ 1
A} B2t E 201511, MM EAETE] astrocytes A EZH Q] AxE
A2 EIPcE T8l AZUAL 7IHE wEE] sl
cisplatin® Z X£|8} Al Z9] caspase B, PARPY] HtiE ZA}
sion, ol mmBEAESte AZIAL AR FuE BESIUCEH
HA cisplatin®] AZ=43 HIRETY EGHE 4BEL
A} MTT assay® 0|83l0] cisplating AEZ}$t astrocytese}t C6
glioma MEQ NE BERE FHFIFUC. 1 23 BE Mz
A BT B A7 AEHOE AE YEGO] 245K S (Fig. 1,
2), astrocytesol cisplatind} M %HE AElsl] MZYEES
ZH5IRE ol AAMNES] 80% B9 YEE g5 JFe
AACHFig. 3). BHH, cisplatind} 22 FAUAES YAl 2ol AE
JAE STt 9edd Utk AERRE TAE B89 FE
2w gy fAlo) E88 dYOE M EI) AHnecrosis)2}
= gel 240l Az A71B9 FRE FAIGHRA AEsE,
WH5%, DNARE, OlEZEAlA %A FHES S35
EfEHA sl Rt A EQ F20ith™, MEUALE B0
She R B0lE A Z2 DNAYES 85K £99] YIS0

ok g r

ol
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Cisplating A2Iet HAZoNA MBS MZHol G

EHTE FTEH= flow cytometery/} Bo] o]8F 1 Ut flow
cytometeryt= BHQFE QHAIZO] DNAE Hulsko olmf MlZELA
7t YojuiA] 942 AR £ MEIAPT dolu} £Zhd DNA
£ 7 AxY £§ EH8l0 AX B EE 20lsk= o]
o HZ MIZIA |T JIHCE FQMol AriEL U
caspase family= FEURE W A EZTR} FEol @A) ogtg
S8k EARA @0 UEEV gud o 1 &
caspase-3 proteasei= caspase cascade®] }glol] 9IX)5l] Akdiol]
ARIE caspase-8 W -9 proteaseQ] EHASI} gRokE AR
A 4% DNA 70| BT Uizl PARPE HTHsi] M
TAIE ST, &3} cytochrome o= HAIEOZ = ngEE
Zejote uelutilolo] Exsd AXHRAL HEE s,
AELAolE MELE  BEES]  Apafl, procaspase-9
protease} ZABIEHA BTt ZEtS Fol caspase9 proteaseE &
MBI N&EHOZ caspase ALS 4 IZICH,

2 AUgojAlE dsplatinol] I3t astrocytes A|E &dtol] AZE
IAVE FEEE gohdy] ol cisplatin®E Al2lSt astrocytes
o4 NS Sl FAAN|HOE FEe A} MEIAG ¥
EfSE ERQl HMAl 85 OIGIYCHFig 4). XS flow
cytometry 24 A BAH ol uls) AEIA} 8I80] F7HS
2RIE 4= UJUTE. 0] F cisplatind} FHMBESFE ATISIA T
flow cytometry2 EAIgt A3l HETARE0] LAoEACHFig.
5). ol cisplatinol] Qg M| EAPE TEO| MEILARE Ui7HE O]
2ol M, BORETO] AZILALE AMAIAH <A AZE 3
BAZItkE A Auisitt thel 2 AE AL} dedE caspase
familyE9| €43} PARPY] At (RE AP 1, olF HI5k
H10l BB E WEBINT) cisplatin® 2 A 21¢t astrocytesS}
C6 glioma A Zol|A] 5 caspase-3 & -9 protease0] £7}513 2
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