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Study on 2-thioDMNQ-S160, A Derivative of Shikonin,
Antitumor Constituent of Lithospermum Erythrorhizon

Gyu Yong Song, Hyo Jung Lee, Jae-Ho Khil', Sung Hoon Kim*

Department of Oncology, Graduate School of East-West Medical Science, 1. Department of Sports Medicine, Kyunghee University

The purpose of this study was to investigate the effect of 2-thibDMNQ-S160, shikonin analogue isolated from
Lithospermum Erythrorhizon, on the antitumor activity. In the present study, 2-thibDMNQ-S160 exhibited a significant
cytotoxicity against L1210, A549, U937, and B16-BL6 cell lines with ICses of 2.4ug/mi, 2,0ug/ml. 4ug/mi and 20 ug/ml,
respectively. 2-ThioDMNQ-S160 strongly inhibited adhesion of B16-BL6 cells to gelatin and matrigel coated matrices.
Also, 2-ThioDMNQ-S160 exhibited anti-invasive effect of B16-BL6 cells. The T/C% was 123 % in 2-ThioDMNQ-S160
treated group in S-180 bearing ICR mice. These results suggested that 2-thioDMNQ-S160 might be a potent candidate

of cancer drug.
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458 (Lithospermum erythrorhizon)¥= 2, ¥ [l, %R £2
Z 22 op|slilo]ZE Wy} Hehdlo] YRR KEek= o]
go| 22 A (Borraginaceae) A1EEH 1 PE)E KEIRO|
£k otk Haidl g7l W £8 a5t EHA ek, ok Xt
ZE VRIZYOE % B FESIEA AL Auiske A
Bl AR, AlEE BASH 0T R BEE KE Bl B
m¥&, \EESoHe G501 o] MAFHOZITH KBER
o} MSRE, B8, B2 Sol 88sk= ASZ Ueht o). &
£9 FQAEE shikoninQlHl, AAWSH dATFE Sl
shikonino] BRI BIZE TE, Y, AL}, etat
8%, gty 271287, REEHIN SN 22 Tigst 42ig
AU UehlE A0T LHH ok AZolE olEd
shikonino] HL-60 @} #)ZEo)} thdhA] apoptosisE FEroic}il B
THAATY, YA 2oL FeS Fe A4S RAZE of

718471 w20l SO 29] A180] EvHsT AFOoIrk oo &
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@7 shikonin®] RZEE ZHMAIFIHA SAlo) SAEHE
E71E 4 Y= BEE FHe HFolA] shikoning] FES} FAL
3t o] 71K FEAEE 5K, 729 g4 BAE &
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FE2 A2 4539 ICR(International Cancer Research,
US.A)A S C57BL/67] BF & =35k FAaolA Sguol 4
HYU7IA] THAIEQ BE TSI SG5HL A2 2+2TE
A& FABHEA, 2 FUT 484 2ol H3A1Z & 48l
AFSEITY. S180 @A Zol st A&EY] EF UEol= ICRA
HFE AMSSINCL

2. 2-thioDMNQ-51609] §Hd
1,5-Dihydroxy-1,4-naphthoquinone® SWHEZZ  §lod
Terada¥ 59| WHE WG] HHh= 2thioDMNQ-51602
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3. Alek & 717

ABlof AMZBl A|0FS RPMI 1640, fetal bovine serum(FBS),
dulbecco’s phosphate buffered saline(D-PBS), HBSS(Hank’s
balanced salt solution), glycerol, bromophenol blue, trypsin
-EDTA, 3-[4,5-dimethyl-thiazol-2-yl]-2, 5-diphenyltetrazolium
-bromide(MTT),
trypan blue, phenol red, sodium azide %! isopropanol &2
Sigma @, ethanol, HCI2 Merck 45, sodium bicarbonates-
Gibco Bk, acetic acidE Glicial #&E 212} HEHSIGCE 717
7= CO; incubator(Vision scientific Co., Model VS5-9108 MS),
clean bench(Vision scientific Co., KMC-14001), centrifuge
(Beckman Co., G5-6R), inverted microscope(Nikon Co., Japan),

penicillin-streptomycin, sodium hydroxide,

bright microscope(UEX -DX, Nikon), linear accelerator(Varian
Co, US.A), ELISA-reader(Emax, USA), rotary vaccum
evaporator(Biichi 461), autoclave (Hirayama, Japan), micro-
pipet(Gilson, US.A), autostill WG25(Japan), titer plate
shaker(Labline Inst, USA), culture flask(Falcon 3024),
multiwell plate(96-well, Falcon), conical tube, disposable pipet
(5m¢, 10mé, 25mé, Falcon) X syringe filter(0.22, 045;m, Falcon)&
2 Agsisint

4. A Zunek

In vitro MHIEHE BlEO)E AS49(ATCC CCL-185) Aifitk,
U937(ATCC CRC-1593.2) MukREtE, B16-BL6(ATCC CRC-6322),
q! L1210(ATCC CCL-219) & MZE RSN o182 &
e 2% L-glutamineo] Z&FE RPMI 1640 £Zithol] 56°C 7K@
oll Al 305378 MBSl RiGiE{EAl7] fetal bovine serum(FBS)&
10% B4&8IL 1% Hi4AE (penicillin-G 102}units/ streptomycin
100mg) 9t NaHCO; 2gE NGt SEESIRCE.

5. L1210, U937 #itkol #5+ My B’

K1 HEko)A) logarithmic phased) T2 L1210
e 7] 8l HE 24KF[ gilol 36~37CE  MESH
mediumE 2 & culture disholl P388 IS 2~3x10°cells/
m¢ BEZE A RESG 186 BERA 8, W 08~1.0x
10%ells/me9] A7 HE S L1210 Ml BEBRS WHEACH
Ml BRBWE (4 x 10°cells/ ne) S 100404 96well plateol) @ 1 3
Bl EHRSP) BlE Hol ol BHEAIIL 205
sonicationd}t % YXHEL 2 TIE A|E A 1004E 715t 4
H20F YoM, YETE BEBRLS ¥ 37T, CO,
incubatorol| A] 488%R ] F MTTHo| sl #MUKE 3
Fslcth

6. A549, U937, B16-BL6 #E#kol 3 MilAEE: =8

10% FBS7} 712 MEM31} RPMI 16409 & 5% CO;, 37T
ZHolM AEES iYsH ARBSIILE In vitro A EEY 3}
g XAB) 91519 B16-BL6S} A549 A E = 1x10%ellsS U937
cell2 2x10* cellsE ABETO] 2-thioDMNQ-51603} 410] well
g 100464 96 well plateo] 2F3IAT). 01E 48417 BBt &
YN S FF HElil B16-BL6, A549 celloll MTT(5mg/mt) 104t
A @3 4217 SO BiYBIRIT) migo) B plateE PBSE 4
g} £ DMSO 100 211 204 208 WX|$H & ELISA
reader 570 nmojA] HEHTE ZHIIMCL

7. B6-BL6 %tk W& B fEF B

0.1% gelating 96 well plateol) 1004 2F3)0] coating &}
RAct. o] plateE 4CollA] 12413} o]4} YRS & PBSE 33] M&
g ThS UZAIZT) 24 welloll BSA(10ng/mé)E 10044 276
of 37T wi7lollA] 1A St AT & PBSE U W2
Z AABIGCE B8t B16-BL6(5 X 10° cells)E 2} wellol] 273}
% JXH =T 2-thioDMNQ-S1608 w1l 37T wr]ollA] et
SICE @ M7} well HFtHOl 27] Al & of FE} MR E
RF HASHL PBSE MATH & MTT(5mg/me) 1004 &1l 44
7 S igslict. wigdo] & plateE PBSE A& &
DMSO(100u£)E W1 4204 208 BIX|§t & ELISA reader2
570 nmojA] EBEE FFKArt
8. B16-BL6 invasion assay"’m’w)

Polycarbonate membrane(pore size: 8ym)S matrigel(50.¢)
OF MIZH & SES A & 24417 37] BolA EHCk
Boyden chamber®] lower compartmentol] = 0.1% BSA7} £}
= conditioned media® 30uA EZF FiFc}t.  Upper
compartmentoll= 0.1% BSA7} S0l B16-BL6 AT SEMN(1
x10%S FBS7} = MEM ®iXE ARSI cell}
2-thioDMNQ-5160 & 4io] 50ul¥ STREE BF siict. 37T
5% CO. vI}7)o)A 16A)7F wFA}Z] & membraneS JAU0]
methanolZ THE 7 Diff Quic 8YOE FMg & Sv|Fe
2 BEBIY invasion® MEE AIRUCEH

9. S-180 FEAEAON B3 AR BiE™

ICR u}2~9) FEERo) 7HR) 3Z#E sarcoma 180 MHME
kS &7 F5l BET AEBEARNKE mdl 400XgE 259
M &L oBsle A wRYE S%Ch S%E 8 Ry
S BRH £EAaEK BEAA A BisRsle] LRES
BRES & ENY RIERE BIMAIFIIL sarcoma 180 RIS
HEIATE B3t A¥CE 33 %Mk & hemacytometer® Al
o] 107cells/meS) BET} S5 S M BIFRS TSI o] B
WE 01t HEREXOl BESIIC). B # UREHRE & B
sult] E RESIFT) B AHAMKE BFAA FREBTR(12
ng/20g/day)2 TS F 4Tol RESINS o 02mM £OZ 1
EA EE RRsK o #iEgds BRSO AEaNKES
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1. elzol it ME=8 83
1) L1210 £#fol tish M ==Y

2-thioDMNQ-S1602 L1210 fE#koll tiaia] dglol ALESh
05, 1, 25 9 5ug/mt BEOIA MMEFO] &% 85341294,
60.05+1.72, 45.02+0.89, 10.78+163%2 =TYEHOZ Z¢
AZEHE VEMATHTable 1).

Table 1. Cytotoxic Effect of 2-thioDMNQ-S160 on L1210 Cells
Percent of control

Concentration(ug/ m)

Control 100+3.75”
05 85.34+294

1 60.05+1.72
25 4502+0.89

5 10.78+1.63

a) : Mean+standard error, Controf : Non-ireated group.

2) AB49 sEko] #Ho MEEY

2-thioDMNQ-51602 A549 #Etkoll tidial Aglol ALESH
0.7, 313, 6.25 & 125u¢/ ¢ EEOIA] MEKEFO] && 707L
1.64, 38.3%0.74, 19.1+1.70, 113+ 0.08% 2 SLQEHOE 73}
AZEHE UERNRUTHTable 2).

Table 2. Cytotoxic Effect of 2-thioDMNQ-S160 on A549 Cells
Percent of control

Concentration{ig/ m)

Control 100£3.74”
07 707164
312 383+074
6.25 1914117
125 1131008

3) U937 #Etkol]l ot M2=EY

2-thioDMNQ-51602 U937 fEikoll thallAl L& Agsh
0.04, 0.7 ¥ 3.12ug/mt BWEOIA HMKEEC] && 61.010.96,
37.6+0.38, 5.9+067% % SEAEE O S AXEME e}
WAcHTable 3).

Table 3. Cytotoxic Effect of 2-thiocDMNQ-S160 on U937 Cells
Percent of control

Concentration(ug/ ml)

Conirol 100+360"
004 61.0+096
07 376+038
312 59+067

4) B16-BL6 kol #Et M E=Y
2-thioDMNQ-51602 B16-BL6 #E#ol THEIA] A8l ALE$H

625, 125, 25 B 50ue/nt BEOI MHGERC] £ 898+
2.16, 73.6+2.61, 36.511.50, 122 0.07% 2 =T EXOF ZgH
AZEEHES EHAQCHTable 4).

Table 4. Cytotoxic Effect of 2-thioDMNQ-S160 on B16-BL6 Cells
Concentration(ug/ m)

Percent of control

Control 100£293Y
6.25 8981216
125 736261

25 3651150
50 1221007

3. B16-BL6 #EHES) K& MR &

B16-BL6 A £9} gelatin?} matrigel 2 coating® well®] Hp=t
Holl T MEELL HEBE S &R, 2-thioDMNQ-51602 A&
o AIRE MEEYHES VERNA] @ AEEQl 1.5, 3.12, 625
2 125 pg/mol BEOAM STOEHC @MEKE HIERRE
LIERTH(Fig. 1).

0 s s &3 us
corcemtiar(ughrt)

b) matrigel

a) gelatin

Fig. 1. Inhibitory effect of 2-thioDMNQ-S160 on cell adhesion of
B16-BL6 to gelatin and matrigel matrix. 0 : Control, *Statistically signiticant
value compared with control data(*:P<0.05)

4. B16-BL6 #E#9] invasion A X &1}

2-thioDMNQ-51602 A&l AFSE AMEZZHHES UehA
%e sl 156, 312 W 62548/ w9 EEEOIA 5T IEXQ
invasion {HIEHRE VERGTHFig. 2).

5. 5-1800] #HEE HF 9 &Fiol PR BR

2-thioDMNQ-5160 S-1800} #4gE Aol 1087} &0 ##K
¢} & BE WNE ERESIEE B BKECSE Q% fE Mile
HERAME B BIE % 1880 S23] &iskd 2354 2
T B0k ¥ AFHEROA HERESY MSTE 194E,
2-thioDMNQ-S160 BB S 23288 2 LIER}, T/C%E 183%2
UERGTHTable 5).

Table 5. Effect of 2-thioDMNQ-S160 on MST and T/C % in ICR
Mice Bearing Sarcoma 180.

Group No. of animals MST(day) T/C(%)
Gontrol 8 194 100
2-thioDMNQ-5160 8 2328 123

NST : BZ4d
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120

100 1

80 1

604

% of invasion

40

20 4 *

[ 1.5625 3125 6.25
concentration(ug/mi)
Fig. 2. Inhibitory effect of 2-thioDMNQ-S160 on invasion of B16-BL6
celis. a): Control, b} : 2-thioDMNQ-S160 treated group(1.56ue/ml), ¢ : 2-thioDMNQ
5160 treated group(3.125ue/m), d):2-thioDMNQ-S160 treated group(6.26ue/ml),
*Statistically significant value compared with control data(*P{0.05)

o #

$F9 HAAEE o2 ¢ Mol tish HEEHE &
3 23 ALR9 Byt 4eh AZEY 8 Ve S 2sivic.
OlZIBk AFEZQ MEEHG LIEMIE F JEQ shikonin2 &
Mol T A5l AFFHOE QoRERS ALgo] E7ks d dl,
shikonin FETAQl 2-thioDMNQ-5160€ 1,5-dihydrxynaphth
aleneCZRE] 2 S£E8F gHEKrE  #d§  2-thio
-DMNQ-51609] &heteid g ZESH] fdt IXE 2R o 7t
A o HZo] thdt in vitro AEENE X3 AW, 2-thio
-DMNQ-51602 A549, B16-BL6S} 222 TEH ol BiaiA] viAs
i A EQ) L12103} AlRe] WelEA EQl UB7H 2+ B
Aol thdiA] A d MEZEHE VERITHTable 1-4). £3) U937
o+ M Zoll thdt 2-thioDMNQ-51609] EDsp 42 0.7pg/mé AT E
N Aed MZESE e UERIChTable 3). 318, ojpe
2-thioDMNQ-51609) &8} 7}A] QtHlEo} thdt A™HQ! HEE:
A ol & X150l A 71 BRAIEIL Us & Folol cigt
ENE DESILA SIATE & ME7} primary siteo] 4] EolH
L} dxolA 8lsle £ e TA a2 Hols] |6k 1
AECE ol HiA oig EHE BIL FERLE

invasion@iC}. WA 2 AB A& in vitroollA] B16-BL6 ¢ Al
9] gelatini} matrigelZ coating® matrixoll TS} KBAIRIE 41
#l BRE TET A}, MEELE VERIAl @E 550 1.56,
312, 625 W 1254/ mS} L2 AETolA FAH(P>0.05) AE
STIEH0 MRk E HIEARE UehdrhFigure 1). 3} in
vitro invasion assay A AAE 2-thioDMNQ-51602 gl A}
8% 156, 312 ¥ 6.25p¢/m9] BEolA FAE(P>0.05) e &
TO|EHQ] anti-invasion ZHEE UERICE ol A=
2-thioDMNQ-51602 ¢+ Ho] £7] DA ZEFEEN LAE
7t g £F 029 HMolg dAldiths A Alklshe AHEM,
g % in vivo HHo] oA A8y 22 F7F dEo] EQsktt
I AMEFCE B3 2-thioDMNQ-51602 0]9} 242 ¢ Mol AR
0 HEo] 51808 & ol4]8H npR2oll thalAl 123%9 4
Y A& AHE VIERARACK(Table 5).

4 &

X290 F HE0! shikonin FEAQ 2-thioDMNQ-51609}
TREFRIRE MEASI LA B M) $or MRS, A549i
3} B¥E {HIL/ER, B16/BL6Q invasion GA|AHE, sarcoma
1800l #$+ 4AHIEEE £ FESIH T8 T2 £He I
Cl. 2-thioDMNQ-S1602 in vitro A8ojA] 1B HIdHA]
L1210 ¥ U939z} 22 Aol tiaiA] A3 A E25HE Vet
Wom, Az BA 4 invasiong MEEHO] Rl kol
Al F94 AA sEYEHOR A3 NHAEE BT, 123%
9l HHAHAEE Hol FUGHE AJAIBIL Y2} X&HQ 7]
AT Mol BH SEAHEO ERF R2E AlRHL

A 2
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