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Experimental Study on the Effefts of Bohyulanshin-tang on
brain-derived neurotophic factor expression in SK-N-SH cell line

Hyun Baek, Gyu Tae Chang®, Jang Hyun Kim

Department of Pediatrics, College of Oriental Medicine, Dongguk University

This study was performed to investigate the effect of Bohyulanshin-tang on brain-derived neurotophic
factor(BDNF) expression in SK-N-SH (immortalized human neuroblastoma) cell line. MTT-based cytotoxicity assay
revealed that cells of 0.1 mg/ml group and 1 mg/mi group significantly increased compared with Control group.
Westren biotting and RT-PCR analysis showed that Bohyulanshin-tang significantly increased BDNF mRNA expression
of 0.1 mg/ml group and 1 mg/ml group compared with Control group. Another analysis revealed that Bohyulanshin-tang
significantly increased BDNF expression of 0.1 mg/ml group and 1 mg/ml group compared with Control group. These
results showed that cell-protective abilities and cell-proliferating effects of Bohyulanshin-tang approached that of

Fiuoxetine.
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S WRAITIL AR RONE PiEERES FATREIEN 288 1§
RS B Betl, FRALCE stresse 7HA #do] 7
2 S LmolEt B 4 UTP. 229 stressol] B BAMYEE
Hol AEES Mol WiEl= 44EeRd Q1 AHneurotrophic
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stresst= X FA%E E3] dlnkhippocampus)Q] AlAMEY]
&3} TAKE SUsH, BONFE mRNA $:&04] ZaAzicy.
ol HollA] o8 FolZ 0I5t BDNFY H7H stressZ QI8 &
MORRE] JANEE HEsH A dnisks Aot &l
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9 ol niXlE HFEE MTT-based cytotoxicity assayS}
Western blotting, Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR) 48l S Eslo] BAG A0 S8 #E

A7l HUsk= Hiolrt,

Ae g Uy

1. A8
1) okl

Bite S0y RESHPE YoM A HEHEBIHO
o, MNEHES EHS SISty SRR o)A
S oM, 189 AHRhEN 74 Table 13} Zth

Table 1. Contents of Bohyufanshin-tang

BEY FET A&l
L) Dioscoreae Rhizomalbaked) 8
ERy Angeficae gigantis Radix 8
BRIBR(ER) Longanae Artlius(steamed) 6
g#ETW) Raphari Semen(baked) 6
HEECEY) Facomag Raax Albatbaked with alcohol) 6
FHECEL) Rebhmanmas Radixtbaked with alcohol) 4
EHR(EA) Liriopis Tuber(removed center) 4
BRRW Poria 4
BRI Zizvphi Spinosae Semenibakeq) 4
i) Massa Medicata Fermentatalbaked) 4
BHF) Horde! Fructus Germiniatustbaked) 4
EBAER) Polygalae Radixibaked) 3
NS Cnidii Rhizomatwithout oif) 3
EECEN) Scutellariae Radixtbaked with ajcohol) 3
AGFOEL) Schizandrae Fructustbaked with alcohol) 3
HE() Glyeyrrhizae Radixibaked) 2
i Amomi Fructus 2
HE Chrysanthemi Flos 1
Total amount 75
2) /(]EQ] =]
3

HE= 108 2EE 70% oleteg 37 2 2E3S BA 1,250
Mg B%F, SEUXSK] Fulsl8 I, phosphate buffered
saline(0]5} PBS, pH 7.2)0]l Q98 =L 2 A8E o 022 m
syringe filter 2 OJ3}, Sl M EFkd AMESIQTE TEE
oAl AlE7} PBSO} &H3E] BHHA RE AP dimethyl
sulfoxide(DMSO, Sigma, USA)ol| =0i4] DMSO9] A& =L 7}

01 % olsl7t LR WE & REFFROE AL

X

2. Bhy
1) M ZE

100 mm culture dish(SPL, Korea)oll SK-N-SH(immortalized
human neuroblastoma) cell lineZ 2x10° cells/10m(o] EE & &
Z5H & Dulbecco’s Modified Eagle’s Medium(o)3} DMEM, JBI,
Korea) ofl 10% fetal bovine serum(o]3} FBS, Gibco BRL, USA)
% 1 % antibiotic-antimycotic(10,000 units/m! penicillin G
sodium, 10,000 units/m¢ streptomycin sulfate, 25 pg/ml
amphotericin B, Gibco BRL, USA) 0] 8 DMEM ix& 0]

8310 viFBIRC) olul AHEE FBSw AMBSL] A 55 CofjAd 1
Aj7} heat-inactivation Al AMRFIGC) £ UESE S0 £
Tt SREE 37 T BB I0lA 04(95%)/COx5%) O] E5t714
£ A% S35 A AEE ulgsignt mix s 10 w & 2ol
g A FRA F 23 3 A FSINe)
2) MTT-based cytotoxicity assay

Aot AlRS ko mE MEEA 4 E48 HARPI
Qi5led 96-well plate(SPL, Korea) o SK-N-SH cellg 2x10°
cells/100 pi/welld] =F Z HESITE 24417 oiQE Zof w0
ZwWE 2252 221 ng/ng, 0.1 ng/md, 0.01 mg/md, 0.001 mg/
7t A& 557t HEE Holsla PBSE Aeigt MEFE vt
TOE ST 641} B2 12413 ¢4 37 T, 5% CO Y =712
2 st & MITEHE 50 w 7Ist 5 gFnig SEE 29
AFASE A 4417} vRFSIRATE. 500xgol A 574 centrifuged}
SENG MAHSEL dimethylsulfoxide(DMSO) 100 wZ E7t
ol AHEE A1 tHS ELISAR 570 molA EZEE &
[5]3%5 =
3) Protein extraction

100 mm culture dish(SPL, Korea)ol] SK-N-SH(immortalized
human neuroblastoma) cell line& 2x10° cells/10m0] HEE &
&6 &, 2427 & mnEnEY 55T 1 ng/wt, 0.1 mg/
m¢, 0.01 mg/meo] E|T=F X2I5li, 24417 &¢F 37 T, 5% COx
o] ZHOF uiYBIMTt MAIE MASHL PBSE 2H A3 o}
£, 300 1£9) protein lysis buffer(Intron, Korea)E 7}5lod 3057}
7He E8HA E& Qo T2 1 m pipetteg 0] 85l Ak
ol Z4 lysateg SHCE HHCIE HE3] Wl &g wit
A} AlAEN genomic DNAYE 25 shearing%|ACil HolH of
S9g MHAFABOE &7 4T, 15000 rpmoiiA] 1087+ &
ARESIEEE 43U E A plAYRATCE &4A Bio-Rad
Protein Assay Kit(Bio-Rad, USA)S 0|88l tiiAS Haks)
& Western blottingoll 01281%iTh
4) Western blotting
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Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(018} SDS-PAGE)E #8|5}01 separating gel(H,O 1.9 md, 30 %
acrylamide mix 1.7 mf, 1.0 M Tris(pH 88) 1.3 m¢, 10 % SDS
0.05 ¢, 10 % ammonium persulfate 0.05 m¢, TEMED 0.002 n})
S SDS-PAGEo) HA &1 LA, oF 405014 1417 HE At
o]Zjo] 2R stacking gel(H,O 2.1 me, 30 % acrylamide mix
0.5 m¢, 1.0 M Tris(pH 6.8) 0.38 m¢, 10 % SDS 0.03 m¢, 10 %
ammonium persulfate 0.03 m¢, TEMED 0.002 m¢}& separating
gel 9ol Ect A71FES HAE 5x SDS-PAGE loading
buffer(Bio-Rad, USA)S} E8I3H & 100 TojA} 527 71E8 0}
B Y3 SolAl 587 Ag] £ gelol 20 AAE 50 18 gel
o At olm EXWRE FEFA(biotinylated molecular weight
standard, Bio-Rad, USA)E ZAH S} EAlol gelo] AT 7
&8 1x running buffer (25 mM Tris, 250 mM glycine pH 8.3,
01% SDS)E HEols 100 VEEE AlEHH bromophenol
blue”} separating gel £9 & Eolz wi7lA] AL3IA L, ol
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M %EC] SK-N-SH cell line9] brain-derived neurotophic factor wdoj ujili= @&k

200 VELE ZE7K}1A 23217} T bromophenol blue’}
separating gel® E7H] 2+ h7HA] H719&EE HAISICE 7]
F&0| BUH Ari9E HAEEE {E8g 228t £ paper
towel Qlol] FIL FE|TE gelZHE] BE2ISH £ gelo] 9% A &
Aeloll sidle dA deke & + IA lgrk 3R
(nitrocellulose, pore size 045(m, Bio-Rad, USA)E transfer
buffer(25 mM Tris-Cl, pH 8.3, 1.4% glycine, 20% methanol) <
off 587 &7t B4l T, gel flol 1 &Fo) E4AE 42
oF B4 Tt Tr10lE ZA) ol GRUrt vig] dadel B
A}A B3 & transfer bufferoll 21 250 nAE 1A)7F AT thl
O|SAIZ. Transfer7} Lyt & XS Belah ol 5 %
skim milk7} S0} TBS-T(10 mM Tris-Cl, pH 8.0, 150 mM
NaCl, 0.05% Tween 20) £ <o) B} H4] thE 42004 14]
7h B0t oE KB |(orbital shaker)9joll B A EE0]
Z0] membraneof HAZI0] ABISIA] %S RES blockingAl R
T} BlockingS $1ol A28 AERNHS AAHBIL 5 % skim milk
7} &0 TBS-T S8@o) 1x &A9! BDNF(L:1,000, Santa
Cruz, USA)Z 314A17] T} o 7]o)l membraneZ &7} 4 CollA]
overnightslod 1A} 2A 9} HESAIZAEL THEE 12 SRS MASH
I TBS-TEHOZ 15871 33] MAGIKCE 5 % skim milk7} £
oJU= TBS-TEWH| 2k} GHA] goat anti-rabbot 1gG- horseradish
peroxidase(Santa Cruz, USA)E 3|AMAIH 24 A7 B
2R2A170%, 27} SRS AASHTE TBS-TR 1527} 33) A&
t}. ZEAE ECL detection solution(Amersham pharmacia,
USA)oll 187 &7t 919] B O F EEHA] 420 YRI8LL, &
2o G52 2HAE YEE QoA Xaay filmoll #43IAC]
5) Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)

100 mm culture dish(SPL, Korea)ol] SK-N-SH(immortalized
human neuroblastoma) cell lineS 2x10° cells/10mi0} HEE &
&b T2 & fOERES 5571 ng/nl, 01 ng/mt,
0.01 mg/mO] T TH XEI6LL 24417} &9} 37 T, 5% CO9) &
WLE wigheidich mAE MASIL PBSE 2H MG o
TriZol reagent(Life Technologies, USA)E O] &35k total RNA
€ EoI8I¥CE ZE reverse transription(RT) reactionof] A= 2
ug RNAE FHOZ 38l 40 U Moloney murine leukemia
virus reverse transcriptase(Life Technologies, USAYE 0]1€3}0]
HABIFEL RT ETHEE 37 CollA] 602 7} ¥ig & 97 CoflA)
105 7 71811, Polymerase chain reaction(PCR)2 5 U/
Taq polymerase2} total cDNAS} 1/2082 AM23FI AAIEIK
PCR producti= 1.7 % agarose gelg o]E28ld H7|¥&E %,
ethidium bromide® H4glo] HEGIXCE BDNFY 2
sample®] housekeeping gene¢! GAPDHE FZ3lsi9lom, 7t
gene®] EF3ZE 7)A|RIS(the primer sequences)?} 7] 3
PCR condition= Table 29} Zic:t.
6) EAXE

% BO RitEET Windowg SPSS(ver. 11.0)& 0)E23H4
HABIACE 72t Hdol Aol HHAUE B+ EELAME LIERRL
o, HBREY) iAol thet HEMS ANOVA testZ #

ol

o 8 r

3K Duncan grfoll Q5 A& AESIHTE Pl 0.050151
Wl {94 e ALE IEBINC

Table 2. The primer sequences and polymerase chain reaction
conditions

Cycles

Fragment
Gene Sequence of primers & annealing
temperature size(bp)
BONF 5-CGTCCTCTTCTCTTICTGCTG S 35 cycles %9
5-AATTCTCTTTTIGCTATCCAT-3 BT
5-TCCCTCAAGATTGTCAGCAA-S 25 cycles
GAPDH 5-AGATCCACAACGGATACATT-3' 5 T 309
AFA A

1. MTT-based cytotoxicity assay

6A17H Bl SE A= 01 mg/ml A ToflA] 1085 + 1.6 %
(P<0.05), 1 mg/ml A& ollA] 2426 + 1.1 % (P<0.001)Q} M=E
B2 2Om, 1247 YUE ATH= 01 mg/ml AFZA
1219 + 0.8 % (P<0.001), 1 mg/ml ABFolAl= 2415 + 57 %
(P<O.00)Z 717} 013} ATHE LIERHQT) 001 mg/ml AE 7
I} 0.001 mg/ml YTl E 6A17FT 12417} BFAS T B
FY o] gigiTHTable 3, 4).

Table 3. Effect of Bohyulanshin-tang(BHAST) on SK-N-SH proliferation
(6 hrs)

. BHAST (mg/mi)
Group Control 000 o0 X »
sEaly  100:01 98405 1054s102 1085416 242611

Control: SK-N-SH treated with PBS for 6 hrs, BHAST 1, 0.1, 001, G001 mg/ml: SK-N-SH
treated with Bohyulanshin-tangd1, .1, 001, 0.001 me/ml) for € hrs, Data represents Mean
+ SEM. Significantly different from control groupt™, PSO0S, ™. POOON

Table 4. Effect of Bohyulanshin-tang on SK-N-SH proliferation(12 hrs)
BHAST (mg/ml)
0.001 001 0.1 1
meant SEM{%) 1000t06 919209 954298 1219+08™ 241557
Control: SK-N-SH treated witr PBS for 12 s, BHAST 1, 01, 001, 0001 mg/mb: SK-N-SH

treated with Bobyulanshintangt!, 01, 001, 0001 mg/mi) for 12 frs, Data represents
Mean + SEN. Significantly different from control groupt™ P{O00N)

Group Control

2. BDNF mRNA expression

0.01 mg/ml U@ oAl 111 £ 0.09 % 2 AR 099
002 % of nisld Thr E71E ARE BP0 RAE2 g%
th 0.1 mg/ml 4@ FolA= 122 + 0.01 % (P<0.05), 1 mg/ml
AETOAIE 131 + 005 % (P<O.05)E FHIMEWES S9u|s
HE BE gt BHaErTable 5, Fig. 1).

Table 5. Effect of Bohyulanshin-tang on BDNF mRNA expression of
SK-N-SH (24 hrs)

BHAST (mg/ml)
Group Control -
0.01 .1 1
meant SEM(%)  099:002 1112009 1224001 1.3120.05*
Control: SK-N-SH treated witt PBS for 24 hrs. BHAST 1 01, 007 0001 mg/ml: SKNSH
teagied wit Bohyulansrn -ty VRN mg/mlt for 24 RS DAt represents
Mean = SEN. Sgnfwanty dfferet from contrd! grount”. PO
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-

BONF

GAPDH

Control

0.1 1

BHAST (mg/ml)
Fig. 1. The effect of Bohyulanshin-tang on the BDNF mRNA
expression in SK-N-SH cells(24 hrs) Control: SK-N-SH treated with PBS for

0.01

24 hrs, BHAST 1,
0.1, 001, 0001 mg/mt) for 24 hrs

3. BDNF expression

0.1 mg/ml AEFoIA 1.50 + 0.01 % (P<0.05), 1 mg/ml &
ol ZoAlE 163 + 012 % (P<O.05)E 7RG Ml Z Hogurt
HEEQCHTable 6). UIH S F Fstress G347} U= Fluoxetine
10-7 mM LB FoAE 1.60 £ 0.07 % (P<0.01)E ILHE 1
mg/ml F0i70] Fluoxetine 473} FAISH ZHE Ve
T} Fluoxetine A8 3 HERIE AT 19 nluds A
0l xjol= ;AACt

Table 6. Effect of Bohyulanshin-tang on BDNF expression of
SK-N-SH (24 hrs)

Fluoxetine BHAST (mg/im
Grou Control 7
b 10" mM 001 01 1
meant SEM(%) 113020 1602007 135¢0.14 1502001 163012

1
Control: SK-N-SH treated with PBS for 24 hrs BHAST , 0.1, 001, 0001 me/ml: SK-N-SH
reated with Bohyulanshin- ang G1, 001, 1 mg/mly for 24 Wys, Dala represents
Mean + SEM. Significanty different from cormoi group(*, P05, ™, PCO.00D
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Halol A LiERAE, ofglh WSk stress HES0] f45tolAl 7ia)
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2} gk = ok, olp sk ASMO) fEEHEAER (homeostasis)= < [
-3 EIEER> VN TRENE BREIE S O3

0.1, 001, 0001 me/m: SK-N-SH treated with Bohyulanshin-tang(1,
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o A BtES MMZ olaiaior Sk a8 <Ayl
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W0l FET EHS BEAA LEY B 5 oo &
AEBOT TRoICE”. Wit 8%, S LEBS EHY &
Egseol EHOZ BES FAU, BR RN S8 1A 5
ol EI7S FRLSIA SOE BRS HARSITtL &SI

olEivh BT 2ol FEBEelA BIRY L BRSO FIES 4
#ek= Aolgt 2 4 (Urt
OJ{P% CHRIEHALE AKEIEHE 9] 2F ol viglol Wik 15#AY
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stressE BIAIEH AEY) #go] ASHEOE oL, stress7t
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FMEHEO] SK-N-SH cell line@| brain-derived neurotophic factor 2}3o) D)xl= Hok

2~ Ik B9 ZEA 9Es gyole 238, HEROIU K
&Y SEXY UEE Sl ol 2ol 4A1E9 £4g wr
gl 49 &g /ol AEHoR Jigd EE B
dals gatle A0E EOIHUTE A28 AFEn ojg 22
B0 BEAGOIUIAEES 5 B €5 9EHCE 534
A oA 1 wdo] E7kEE Aol Elx e, JEA &
SOl A 9nl ohzt g TW g wWRske Hgto] B
SIA LU AES A8 TS d7 7 Wgsolnt. olg A1
FY QUXR= nerve growth factor(NGF), brain-derived

neurotrophic factor(BDNF), Neurotrophine-3(NT-3), Neurotrophine-
4/5(NT-4/5) Neurotrophine-6(NT-6)7} B0I%IQIom, 0|5 4

JOIRISHIA 7he A2 Bolg B NGFolt.

BDNF= & 3 AAFYE AR YUAE S2RIAE o
A ZEE @TE Bol ERIREUSM, 123 KDag X128 120
49| oAb phe OE F4%¥ 220Ity®. BDNF mRNAS} 21
THES NGFO| &R HC FHATH 2Roli gelgln E3|
sluietollAl ZRSIA YECH, oleish WA AAEy
ol 98 ZHEE ACOE B, BDNFE Neurotrophin
4/5(NT-4/5)8 TFZFOE AP J2m, o152 AZZ U
tyrosine kinase domaing &443l5Hd Klg“@-& =3 L]-E}LHE}

olzigt *_@éﬂﬂolﬂg
I FRoll 4ol gt
ARG A1E ﬂi‘tgl A& E05 dgg ’@D‘rw’.

St BIEE OF stresso] L EE AL}

9 AL W diuHhippocampus)l 5 ZH4%} E‘]goi oHU} !
BH 29 153} JAKE Fek6iH, BDNFE mRNA ¢&olA] Z
2AIICY. = UEROR stress7t WU GintRAY A1AY
S olxtel AIFA xS Mo niilE FUE QolEr) 98
Chronic Mild Stress(013} CMS)ZH Y] EFE o]2¢F dglol4]
CMSo) &% 319 BDNF mRNAZ} iU}e] CAl, CA3,
pyramidal cell layero] 4] S0]8t ZHAS HolE ACE H5I%
T} Wk ok 2 0] 83% BDNFE] E7H:s stress2 QI8 £412
EHE] AZAEE BEsHE AS YAIBHE Roly.

2 A70] AIRE mnKEES £V da AlEE YAE
UMolA MR QIS @Ml A5 8850, 48X O FE &
SEW AT AEE 0¥ Hi Ut @R
9] oFE2 (E(1), BR(R), BER 5T A5EED), T
W), BEL(FE0), 2R, BRECWD), ki), BH(D),
BE, S EN), HS50EY), RERF HE, 8B, HFSE 7
SE EE Q% #FRLES thAd BHOZ Ao, kil
HoPHAl Nk, NP, ZIEESTE, B, RS KEHE, 1% I%

= gD AL KA SO MMEEe] s afE, LT
75, R B9 S48 SWUchs ME A0tk Wk g
e A Mgl G s BE 59 a3 UAE WYE
Vg 71ROR G URE Y UEH, HE, A5H THES
wlagmEEol 1, A, HE AW MEBEECIH, L &
BRey, BF%, HEF, BRCS HBRE N, IIHe Eam
nFEOZ 0152 BE, B, BF BB §50F ERE W0t

rlo
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g
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x
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£0] U, HIFS WS BREITWOIL, #H T HEE
6‘} WS BEPRSI BIKE 51, HES EHRSs)
B BEEKSHL, BE2 BEYRIRSHE &H8o] 1o o
E—S— WY, BE BRO E50F MRE = &g s
= WMEWES REFERY Azld gzisle] ERL MR
'S Ao AAE AFlE o 9ulE A MU R ME
QITh R LEM: HBH W stresst] Aol BYLASH SEE A
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