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in vitro Anticancer Activity and in vivo Chronic Toxicity
of Homoharringtonine
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Cell proliferation inhibitory effects of homoharringtonine (HHT), an active drug substance in Ceph-
alotaxus koreana, against blood cancer cell line K562 were evaluated. In addition, in vive chronic
toxicity test with mouse was carried out. When K562 cell line was treated everyday for 9, 6, 3
days, 1C;, values of HHT were determined as 0.27, 0.37, and 1.10 mM respectively. The anticancer
activity of HHT was comparable to adriamycin, a known anticancer drug compound for blood
cancer treatment. in vivo chronic toxicity test of the HHT, the number of red blood cell (RBC)
showed no significant difference. From the analysis of the liver-functional enzymes in blood, all of
liver damage related enzymes such as glutamate-oxalate-transferase (GOT), glutamate-pyruvate-
transferase (GPT), cholesterol (Chol) and alkaline phosphatase (ALP) showed no significant change.
However, from the histologic test, a neutrophil of the band type in liver tissue was observed.
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52 RS FEN 0 2 HE homoharringtonine(HHT )2
23} p388 Leukemia, L1210 Leukemia, B16 melanoma
Aol ek skt 248 FIstH T Huangs HHTS} 7iH]
APRERE FE5E YAZo|uE BEA A M T
A AdAAZ Huskgdy® FHo| Visani 52

s~ HHT’}
apoptosisE e EZM FYAIFAE ATty Bt
AR <k 40F oo} YR\ ET} JHIART oY Fo
2R BEHAY Y @S b= TR dEEC=
+ 55 cephalotaxine =A% harringtonine, homoharringtonine,
isoharringtonine®} deoxyharringtonine 5°| UATHFig. 1)."" 7lH]
ARFROANAN FE2EE FAEEL 7|89 Al Hlste] £
et S8t worm, 71 8% HES =of s 7hsAdo] |
T =2 ZAY SAR FERL QUThY
At e MR- FRAECZ ¢ER] HHTY &
2 548 FAs7] fsted HHTY A2 A7kl mE
FAZAS A, 71 LA vIAE sith
== o] HHTE T3 = {hl gt
W A4S B3 HHTS 94

=



HEIARN: H2AdHR) homoharringtonine®) in vitro FUEA L in vive T S 125

e 2 OB

AHAR R AF R UFY fFadEes 43R
homoharringtonine(HHT)E Sigma*HMO, USA)ERE] 19351
phosphate buffered saline(PBS, pH 7.4, GIBCO, MD, USA)
Z g4ste] ARSI HHTO ©=v Jingyi 52 W 2
2} HPLC(high performance liquid chromatography)2 4]
3F A 98.6%US RIS AUEA B AMeE F
& MEF(K562, blood leukemia, chronic myelogenousy= &+
A EF-23) (Korean Cell Line Bank, KCLBPIA Eulo} A}
€38R, WA= RPMI-1640 ¥} A (Hyclone, USA)ol 10%
fetal bovaine serum(FBS)®} 1% penicillin-streptomycin( 10,000
units/m/ pencillin G sodium, 10,000 ug/m! streptomycinye &
gated ARE-SITE A tiRFeRE g XEAR AL
3 e YA adriamycin(L-Dong, KoreayS AR&-8iTh.

X F4 AFE BY. Az gt F2 AHe-e 2
8171918 AR = sulforhodamine B(SRB)H P& A3
o HHTS] A2 A7k kg & Fozd 43 dFodMe
Ahe s K562 MEFE 6-well platecl] 3x10° cells/well 5=
TR FRATIAL 37°C, 5% CO7KE &R 3ol 2447 ]
B FetiTt. oulelF & K562 MESF 49 10mpl HHTES
91.6, 183.3, 366.6, 733.1, 1466.2, 18328 uM] F =7} HEE
ImA Sl 3, 6, 9% AAY 7] vid Azl 5L 5
E2 Ashar 44g s 71€ A9AIeL HHTS] B
o AP E= A vldE K562 AIETE 6-well plate™] 5x10°
cellsiwell 7<FC2. 2 B{F-A1713L 37°C, 5% CO, /= &4 &}
24X|78 cE|uleFalaAtt. onluley § K562 MEF £ 10 m/
o] HHTE 50, 100, 200, 400, 800, 1000 pg/m/®] %7}
EE 1m2 AMestal 4877 ¢ uisisit) sido] $£8d 3
96-well plate® &4 cold 50% TCAE 7+ wello] 50y 7}
SHAL 4°ColM IAZE FRY IAAA FAk IA o] Sl PBS
2 53] MHste] F7] FoA] 7R3 04% SRB &9 100
WE 7Ht ARRolA 3087 ST Galo] Ed T 1%
acetic acid® 53] M|F3lo] = AFZAZIZ 150 W 10 mM
unbuffered tris &N S % SRB dyed Z oo} 96-well
plated- ELISA reader(VERSAmax, Molecular Device, USA)S
ol-&st] 520nmellA FEEE SAHSACE A g A Eo
3t S214 8l & (inhibition rate, %)= UER oW th3-3} 7ho)
ARSI

Inhibition rate (%)= (1 - %Mj x100

blank

A7IM, Agmpie: A5 F7F well®] F845(520 nm)

Apan: PBS 2580 H7} well®] §35(520 nm)

BE A9 TUs 24004 Al 331 wkESle] =
BFart,

T 54 4. A=A gl ARRE s3] =7 SPF
ICR v}9-29} 65753 3 nude miceS The Jackson Lab(Bar
Harbor, MA, USA)S 2HE 738l AR-3FTE. SPF ICR A
A 2002l E 5 13] 907k AR LDs% HHT(1.34 mg/m))

7F 715 HAHEa A HARAS 2|sted HHTE F 13 90Y
7V o3l 59 733 & heparine®| A2E capillary tubes

ol g3l Z} HAEF v Ity uiS(retro-orbital sinus)
o gRy g A3 AHE €S SA 5,000 rpmol]
A 157 AlEEgle] Aol €S Eslie] ENSEhE
A17](CIBA Coming 550 Express, USA)S ©]&35le] 7+ 7|3
ZHE § 49 glutamate-oxalate-transferase(GOT), glutamate-
pyruvate-transferase(GPT),  cholesterol{Chol) %' alkaline
phosphatase(ALPYS & N A}5-35-4] 7] (Hithachi, Tokyo, Japan)&
o] &t AP AolE FH33it

7he]l ZA A A= HATE 5 13 9047F FoI3}
59 AF 3 vheE SAAA ZHE BE Arlste] &<t
Aoz 7k ¥l 5ol §7E % v, 10% 34 ®
2ardo] o] 24117} o)} 2ASETE. TN F 7} 27
=9 ZEE BZ $83] $A5 70, 80, 90 E 100% oI
ALz dAHeR @Al tF paraffin TS AR

i

Zof =] (Histocentre 2, Shandon, USAYS ©]&-3l] ¥nj3]az
A7) (Leica, RM2045, Germany)Z °F 4 um®] 572 =3

AAE AZFsle] Hematoxylin & Fosin(H & E) 42 3l
xylene® 2 FH3} AL Az U permount= B-U3st 3
sgHu|Fo g FasI
1
Homoharringtonine®] 2] A7l ME HEF Fogxy 4
A. Sulforhodamine B&= Al ©hildle] 7|4 ofu]izibef 2
e AEEA SAEHUS W T AR Sl Sk Al
T 5 F=A31A 3L HHTY 55 & AgA7k) w
2 K562 A2 A&l &3k AEe AR ZE T He
(91.6, 183.3, 366.6, 733.1, 1466.2, 1832.8 M)A F& &
Ao A S VR, Figure 1914 B wfe} o] &
717y B A¥(9 day treatment) e S FE(183.3-366.6
uMPIME 50%S] M2 A A& HAT & 3d &<t A
d A = 50% A AMNE EA F=ACs 50%
inhibitory concentration)= 1099 uMe1leH. 62 T mjd =
2|3t Fof 9 F}F wid A s 9 50%Y 4 AME E
dF= HHT 55w #4ast] Z242F 366.6 2 2749 uM 7520]
AT oA o ZHE K562 AHEFo] HHTS 717kl 4A4 A
2](9 day treatment)T 7§ HlZA 2 AHu 5%(183.3-
366.6 UMM KS62M| Z522] 73S A8 ZAAA 4 3l
e AS ¢ 5 AU
71& 4A9 homoharringtonine®] ¥|FAY. HHTS
A= L] el AATATE gk, WEE T 3t
FAZ dd AME-HE adriamycint HIRAEE SIATE U=
9l adriamycin Streptomyces peucetius®ll 23] AATJE+= <
EAIRHAl Type II polyketide SF5HE2X4], DNA topoisomerase
me] 282 Asfsled DNA double strandE = 7]12HS
Sl FUAZAY ITE shs AoE L4HA dom, U

U
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Caphalotaxine: 70
= H
Nm\ Harringtonine:
‘, ? cl:H;.-cogm g
o \/ R= “C—CI:-*-CHQ—CHE——CI':Mez £
/ OH OH 5
| 5 Homohasringtonine: -_'g
H CH;-COyMe =
MeO 2 | €O -
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OH OH

Fig. 1. Chemical structures of cephalotaxine esters in Cephalotaxus
(Adopted from Zhou ef al., 1995).
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Fig. 2. Inhibition rate of K562 cell line by HHT treatment. —@—,
Everyday treatment for 3 days; (-, Everyday treatment for 6 days;
--¥--, Everyday treatment for 9 days.

B A, 55 5 O 94
& &l BiE vl ok
A3 A= Fig. 204 B vie} o] A Al¥el K562
M| ZEZEA ABlE&°] HHTY &% 693 ugmB} adriamycin®! 5
= 400 ug/mPlA ZARFS vERATE o)= HHTS AIEA
o] 3-8 7FsE AAkE ZAsjolth
Homoharringtonine®] THJ=A J7). &
B ohe} A EE &4 FEE

e 3T =
T AEE

[e]

MEE saHo= 4

THoHo}

Pl AT

1Ay RAEe

L
.
%

Table 1. Hematologic parameters of HHT treated mouce
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Fig. 3. Inhibitory effects of HHT and adriamycin on the growth of
blood leukemia cancer cell line (K562). ADM and the number
denotes adriamycin and the concentration of HHT.

Tk oA Fof §3o] F7HEH
S Z7h57] Bl Fera

AE & efstAle] o

- I T
daIe FTIEAT FA
oz lgt o gae] ko] ol Aslake
Ao)71% & ‘3} 7

HHTS % 13] 00207+ $oialn 54 A% 5 o) 5 Fo
8 AW TAE FRE ZARIAG, 224l AFE e
e Felg 330 A Atk Sejolud] AxHE of

2 May-Griinwald-Giemsa HPHO 2 AL 3 v 2] ¢
N NES A3} dAgty A% =4 F3 HE7(RBCO)
T &2 HHT Fo Abolol] #21430] glitk(Table 1).
FETA R AA o8] F71elA dojd F o FE ol
Fio] kA o]FoiZRit}. &, 7loj|A] —1]‘5—4 oFz|oHE &gl
ANAI} FE17T ol Fof Xt t’f’_ﬁﬂ]*ﬂ b2 SRETAL, 2HES
=4 A FsREe gt A9 F83 el & 4 Ut
9] &S M YF| EAllshs 2 €doE /&
223171} pericentral necrosisg AT 2 EQ
JTE™ weta] 7ho 2 RE] HAlld wEd 7he] 4%
& At oA TP /-85 Y S 3
&A% glutamate-oxalate-transferase(GOT)$t
glutamate-pyruvate-transferase(GPT) 5¢ B2 leveld] s

=

: L HHT treated group
Chronic toxicity
Control Ist 2nd 3rd
WBC, no. x10°/ul 3.25+£0.730 2.84+0.230 2.45+1.030 4.215+0.195
Neutrophils 0.555+0.045 0.335+0.095 0.425+0.305 0.52+0.520
Lymphocytes 0.68+0.680 2.47+0.150 1.89+0.620 3.765+0.205
Fosinophils 0+0.000 0+0.000 0+0.000 0.005+0.005
Monocytes 0.005+0.005 0.015+0.015 0.13+0.100 0.01+0.001
RBC, no. x10%w! 7.87+1.050 8.96+0.520 9.8+1.100 0.235+0.195
Hematocrit (%) 42.45+3.650 49.8+1.000 51.45+4.350 50.55+1.350
Hb (g/dL) 13.1+1.700 14.3+0.500 15.25£1.250 14.7+0.500
Reticulocytes, % of Total RBC 2.62+0.550 3.6+£3.600 3.08+0.800 2.47540.355
Platelets, no. x10°/u/ 521+148 656.5£59.5 80840 555.5+0.5
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Fig. 4. The effects of HHT treatment on the enzyme activities in
liver.

(A) (B)

Fig. 5. Microscopic observation of liver tissue after the treatment
by HHT. (A) control, (B) HHT-treated.

3k A0 HARe} kA o] ni3vt s
] Ao]& A (transaminasey’} B0 E S|Fol i
A Jehs RAolez 7hAEe] WA 2 Zate] AFrt 8 4

HHTE 3 18] 90¥7F Bosi 59 73 3 7% #
249 "doas BA5E A3 7 &4 AdEd

GPT, cholesterol(Chol) %! alkaline phosphatase(ALP)
& Bl UAATH(Fig. 4).

o] AN AL flgle] 89w RS ¢ A, o
Zt uhe] gl 7F EHol ol WA glde
U, HHT Folit mhe-28] Aol 7 EHel 1 mm )¢
hyperplastic noduless FAT < AATE T3+ Pu|F o= 7}
o tigt Aze #EY A3, v vk ZAede Hu
E olde B¥ET 3o, HHT T vhe-2e] 739
= ME?

ol de] AFmFE HHTZ DAY AlEFo] 717 vhEA

e 7)Aol Wl
gorlzA ue & 9

kO
12

M ATES] fRaAAECZ 4#Z homoharringtonine®] &
M EF KS6200 3 AEFH Asll &4 243U, v
25 o] &% WEANE S FHst & oA A7
e 3 Rz 2473 Ao HHTE 99, 64, 3Y F
o vid AT As 74zt 027, 037, 1.10mMe] FEolXA
K5624|322] 3748 50% A S ER18I81T). 7| Wy
ANE8AZ AMET Y adriamycinte] ¥ @AY A3 HHTE=
K562 MEsol tldle] adriamycin® Tt 22 A &S UERHS
L Hwd ZARSE 2he 7EEE HHTS TH=A 43 244 ¢
Netx A5x4 AAAAM HE7<RBCy= x4 HHT
Folit Alolel 840 Zel7h I, 7+ 7s A aae)
dAS FA4% 23, 7F S #dE S 4 glutamate-oxalate-
transferase, glutamate-pyruvate- transferase, cholesterol %
alkaline phosphatase 7 A%+ 9 At eyt 7+ =3
g HAPIME HHTE T3 phge] 7 230N MESR
9] IFTFE FAFANII= Aol FRIHUR.

Key words: THJ=4], M4
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