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Abstract—Using the colorimetric [3-(4,5-dimethylthiazol-2-yI)-2,5-diphenyltetrazolium bromide]]
(MTT)assay, we evaluated the chemosensitivity of 8 anticancer drugs{vincristine(VCR), vinblastine
(VBL), adriamycin(ADR), cisplatin(CPDD), etoposide(VP-16), cytosine arabinoside(ara-C), bleomycin
(Bleo) and cyclophosphamide(CYC)} and the cytotoxicity-enhancing effects of (* )-ar-turmerone
and the extracts of the crude drugs {Lithospermum erythrorhizon(LE) and Scutellaria baicalensis
(SB)} on the above mentioned anticancer drugs against HL-60 and KG-1 cells among 8 anticancer
drugs, VCR, VBL, ADR, and CPDD inhibited the growth of both cell lines by more than 50%,
while VP-16, ara-C, Bleo, and CYC were less effective. (& )-ar-Turmerone had significant inhibitory
effects against both cell lines, showing the IDs values of 11.730 pg/m/ and 0.292 pg/m! for HL-
60 and KG-1 cells. respectively. But the extracts of LE and SB roots showed no significant cytotoxic
effects. According to IDs, values, the cytotoxicities of VCR, VBL and ADR against HL-60 were
enhanced two, eight and three times by mixing (% )-ar-turmerone, five, seven and three times
by adding the extract of LE root, and twenty, six and three times by mixing the extract of SB
root, respectively. The cytotoxicities of the above mentioned drugs against KG-1 cell were enhanced
two, seven and three times by mixing (£ )-ar-turmerone, two, three and three times by combining
wilth the extract of LB root, and two, five and two times by adding the extract of SB root, respecti-
vely. The cytotoxicity-potentiating effects of (% )-ar-turmerone and the extracts of LE and SB
roots against HL-60 cell were greater than KG-1 cell.

Keywords [} Chemosensitivity, anticancer drugs, cytotoxicity-enhancing effects, (% )-ar-turmerone,
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Fig. 1—Structure of (£ )-ar-turmerone.
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Fig. 2—Relationship between absorbance and number
of cells per well in two leukemia cell lines:
HL-60 cells(_1), KG-1 cells(+).
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Fig. 3—Growth rate estimated by the MTT assay: inoculation densities (cells/0.18 m/); 100,000(%), 50,000(x),
25,000(2), 12,500(¢), 6,250(+), 3,125(0), 1,563(@), 781(m).
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Fig. 4—Effects of crude drug extracts on leukemia cell lines: HL-60 cells(), KG-1 cells(+).
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Fig. 5—Effect of combining crude drug extracts on cytotoxicity of vincristine: alone VCR(D), + (% )-ar-Turmerone

(+), + L. erythrorhizon($), + S. baicalensis(n).
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Fig. 6~—Effect of combining crude drug extracts on cytotoxicity of vinblastine: alone VBL(C), + (= )-ar-Turmerone

(+), + L. erythrorhizon(O), + S. baicalensis(n).
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Fig. 8—Effect of combining crude drug extracts on cytotoxicity of cisplatin: alone CPDD(00), + (& )-ar-Turmerone
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Table [—IDs, value of anticancer drug combined with crude drug extract using the MTT assay.

Crude drug HL-60 KGo1
extracts
Anticancer (% )-ar-  Lithospermum Scutellaria (£ )-ar-  Lithospermum Scutellaria
drugs(ug/m/) None Turmerone erythrorhizon baicalensis None Turmerone erythrorhizon  baicalensis
(% of IDso) (10" pg/m)) (10 pg/ml) (10 pg/mi) (10 *pg/m)  (10pg/m)) (10 ug/ml)
Vincristine 0.450 0.230 0.020 0.022 1.100 0.665 0.588 0.621
(%) (100) (51) (23) (5) (100) (60) (53) (56)
Vinblastine 0.518 0.060 0.081 0.092 1.601 0.278 0.263 0.330
(%) (100) 12) (16) (18) (100) a7 (16) (VAV)
Adriamycin  0.717 0.204 0.257 0.263 1.346 0.466 0.433 0.515
(%) (100) (28) (36) 37 (100) (35) (32) (38)
Ztzb 179, 4.8, 26004 F7HX]71 ek £ dFolMs HL-60 ¥ KG-1MZFo] ofsted
19831 d Mosmann®oll ¢|s] sRtsl MTT assay s
n Wy A7l g AR8-3led 8%o] dhetAll gk

TS & kAR AFEQ (£ )-ar-tur-
gotdlE= DNASH A4 =&3te] #14be] A8 meroned A2 9 #FFEE9 ¢tiy aelw
oA A7) 7]} DNA §tAdel Feiste] DNA polyme-  o)5 AUFEES Ao HEFAgozs et
rase?} ribonucleoside reductase -2 HAAF|H = Frabge] Z7bEAE wAsigich
purine ¥ pyrimidine®] 4§42 thymidilate syn- HL-60 % KG-1A4EFol t3lod welld AlFE49}
thetase & A, vldad Al 2pgste] tu-  FFeele] WA7E HL-60H £F= 0.99700] KG-1
bulin®} ZA)71 5 AL EQ] WAL A4S oA, AEFE 099749 Al#ALE Koz M2 H]
ol 2 3HA3 -8 fE8lo] L-asparagines 7HpE-aiAl7] @S ¢ ¢ Adem(Fig.2), & A&dME in -
 E AETHH AT 7|2E Fol MEH  poold P WHW ANEFE ALIRUOER as
St say ZHA 9] FAHL gy A Ee daM s
g AE FPub wigF FEAEeA 2 g MTTE formazanoE FHUAAIH 4 glo=2 AAR
g 3oz} HE ATV} ARES AAFEE FofzA 02 A} oljivke A= sdch 2y
Z 7ol #xlel| diste] MR EAIFS 715 19891 Hida 5%°-& W& plating efficiency®l 7A
NS gAAI7Ie X-A& ZARE Azl a2 el glo] A7ke] Bol At EE S 2 e
S uehie X-4 zAbz wbgsts wiekAl £ human tumor clonogenic assay(HTCA) <} MTT as-
Wzt Fed AYT ZAEY fAREY A say® &3] MTT hybrid assays 7Wsle]
221 DNA, RNA % shlldghie] Zolgicts 8t 71x] assay®] £AA-E& E2HA|Zoh
b @ ¥ w3} X Aol A aurapten,'’ Ql4tel| 4] pana- AEAAAHA A 4 Fore] w77t F FAE
xydol® 2 2 HARHIESE, AbZellA] shikonine,¥ o] 714 gAdsta Y AAE Hele AEFe
3320 A skullcapflavone 'V & Rejsld gelaxtg  AMEF 2Fo| disle] 25X10%cells/well2 et
Hastdon, 7lupEo 4 glycoalkaloidsE 3% 3}o] o] AlZgollA ZE AP T3, 4d F3H2
Sarcoma 1802 ©1A1A1Z) AF ol st ddat4-g  wlekr| bl hAlZe diste] AlEFA AHAXLE
Wl on P BT o] &g cyclic oligope- sledl 9ol Al AlEWR FEEe A E A}
ptides RA #AE9] 33HE, o] wFel F&3 mEZo} it B35 S 7HE
sinococuline, 28}t F ol A %3} diterpenes®] Lz, glth= Carmicheal 5% 2] B 1o} zto] E A3 el
P388 £9 MEFoA MEZAL Holtiw B3t 5 ubgAIZRS 492 Aoz QAW u-E #7HE
oJo} ¥ F83) WAl & eldda Alssch

L ou
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gobal AR HL-60 % KG-1AZFE ol 2tz 20, 86u), 35002, A255F W40
VCR, VBL, ADR, CPDDAl = 71-4e] 9l Aoz o), 550, 2605, SF52% B Al 200, 86

#H el s, VP-16, ara-C, Bleo, CYCeol= 7F5Ado]
gl Zlez WA=t e AHgg e &
AAE KG-14 7ol B}ato] HL-604| 5ol cf 5}o]
o £ &35 2gch(Fig 5~12). wabs HL-603}
KG-1Al x5 SA44E 9 gspAlef WA Er) of
5 H9% 5 Uk

HoFrgEe] AEXSHENE B4, (£)-artur-
merone-& HL-604] £ sl IDgghe] 11.730
pg/mi2 viep} fo0q g ¥9lom, KG-14E
Foll thal 4= 0.292 pg/mi 2 eht 7HE StA IS
Halch 831 223 FFFEES 7 AEF B2
Foll ¥ ke gl ZloE ehdoi(Fig 4).

(+)-ar-Turmerone-2- 1986d % 5% 0] Ly A E
Feol] dlale] 7]&2] ok} WAFoIA] MEFAAE
27127} Sarcoma 1808 ©]A1A]7] A o) ofs}le]
164%9] A B35 Rk Haug vl ik
Z2]ar 19899 Sato” = TAIES] oAl ARE-shed]

A Ay e AlEF JTC-269 it AlE
EAAE e £5-8 500 ug/ml FEAA 31%,

e 60~500 ug/miol A 15~90%2] A XSS
Bolcky dtgjon, 2ol disixie MESHYENE
Holz okgkriir sk o] A i o] z
o2 XRE] g acetyl shikonineo] LypHE % S-
180 stoll cHated 7t dtdE Holvhe ZAdele
A elch, A EF 2po] wfFal Ao A7t
) Az o2 (£ )-ar-turmerone©] HL-604| 5
o d&ted 0.1~1,000 ug/mle] Fxol4 13~93%<]
Al %A (fractional absorbance)2- vtepl o KG-1
A E 3o dfslod = 0.0001~1,000 pg/mio) 4] 15~86
%2 AEEXS HoZo g 19861 % S 1989
d Sato® o] Zxbe} vl HA13 off 23 kel
Wk AbeAds AAEE lokar Az

Fig. 5~12% sloa] whExjelA] abotavhel Aok

e

0

FE22E A H e gAY AEFAE
e ERE 2 Ao gk 2 e
upz} W& F A7) zhz o2 A debdeh 53] HL-60
W KG-1HE5 dfate] g4 431131 Al 50%
o]e] MEFAE Molw 3% A F VCR,

VBL, ADR4] IDs3te.2 2, HL- 60xﬂi-rou 5}
E-xj2]x]o]| w]aled (+)-ar-turmerone ¥ £zl

o, 2792 % AEz5Ae] F7Edck HL-609
A9 E3] VBLe| W& ar-turmeroned F7}& 3},
VBLoll & #}b22| F7tas 283 VCR % VBLe
g JF5EEY FHAYNe F=HA ol €
Age] ADRO AHESA FFEAI= HlmAHoR of
3}gdc). o] vinca Y Eo| =kl VCR, VBLH tet-
racyclinonef®: 529l ADR7}Fe] #3173 zjo]eol 4 2=
28 Axlg] o2 Helrh 4% 52 (£ )-ar-turme-
rone®] AE5HA FHHEe F2 A4 7EE H
= A2 E=AEA, o Ad MeCCNU, b-sesquiphellan-
drene 52 AMEHYE HF FHA7)11
Astsich 28y o 7)ol AMEg NESHELE 257
mReley EAEA wAEAE vepez #F
59 A2 & o47)o HEE 7= vk KG-14 250
sloj= VCR, VBL, ADR2] w53ejA|o] u]ate]
(£ )-ar-turmerone &3] r]oll= ZH7h 1.6uH, 6w,
3m, A2EEE HAlele 247 19w, 64, 3w,

=

#3325 8 ol 7hz 179, 4.8u], 2649
NEEA 27+ Jehddeh KG-19) 3% $74Ew

+ HL-60°] ©] }°1 ak5}A| ‘4‘4‘5“1“} (+) -ar-tur-

merone/VBL2] 7-9- 68, =}Z/VBLS] 7% 69, 3t

=/VBL9] 7% 4-83H—‘?— Aeto] 73k %Z}’#%ﬂ v}
.

kg
go 2 PAFEE] H mE HF AxSAd de
F4ans AAFE HAEI} P9t ok A7
Hre}

o9} 712 85 AA Yo 4 7 A& AT
ot o] Fofzkg Aoz T 4 9ls A
ol weld AA=AE 72 = gle Holrh
gt olo} Fhe ARFEIE ofAle] WAAE FA)
g AoE AztEw, old W 7|zdy =¥ 2
88} o AZy FFgoFRE AESA FH
245 zhe BRSO dhejel FRFHE A A4t
z1g) oo} & 7ZlolTh

dZ B
HorraE-9 7|E9] oA} HEFgFoZH

Fo AgadE deblws A B
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2A7IAL oFA &) WS F8 5o e = glen
ofolr 32} Ajsjgt B 03—%-: colorimetric [3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bro-
mide](MTT) assay& A+&3}e] HL-603} KG-14]%
Foll thsted 859 shota] A HAbe) 3F9) Yok
F2E goan zels kAo YFFEHE-S
HEFod3te] el elbabgel 2tEnE 93
e o5 e HNE Aok
A 7 Abell 4 vincristine, vinblas-
tine, adriamycin, cisplatin> HL-60¢l| ws}ed z}z}
67%, 68%, 83%, 54%7} AEHAAAINE Hlom
KG-1o wsted= 7zt 79%, 75%, T4%, 78%7})
AEZEAEE Bk 22y} etoposide, cytosine,
arabinoside, bleomycin, cyclophosphamidei= A}-2-gt
FxellA 50% olAtel oAl EE tehpz] st
yorZzB o] tlEEojr] (+)-ar-turmerone
HL-60 % KG-1o i&}ed IDspgte]l ZH2t 11.730 pg/
m/3% 0.292 pg/mi 2 gt JA 28-S vepliglont
A SFHFEFES A%E Holx] w4sith
3. AGFEFES Akl wEFoA] ¥R
Al 4] BohAl EFo A B} Fghatgoe] 2
7+El9dcl 53] VCR, VBL, ADR9} %% ©t=-% °q*]°ﬂ
H|3 IDsgte]l AF5FEH ¥ 8-FoiA|od HL-60 Al
Fol| tfsled (&£ )-ar-turmeronee VCR, VBL =
ADR® ME=Adg 77t 26, 8.6ul, 350 S7HA1H
om, At zhzt 22w, 559, 28w, reja e
217} 20, 86w, 2790 AT KG-141 29 73"%
(£ )-ar-turmerone> VCR, VBL % ADRe} #4lZ%
A€ 247t 1.668, 6wl 3ul, AA2FEES 77} 164,
6, 3w, A2FEE-E 7b7 194, 64, 3w 22|
BEFEEE A7 170, 484, 269 F7HAIFH -
AEH o2 (4 )-ar-turmerone, AHLEEE Y 3
H%%E-2 vincristine, vinblastine ¥ adriamycin )
HL-604 22} KG-14 Xl d3le] £ Az5A
FENE Bolx 958 sy o} E4e HL-
60 o] o3l M} mIgbsiA] wrgalgdw, o F
NE ApZel by A7 422 vehigith
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