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SUMMARY
(FE8%D)

Plumyew (Cephalotaxus), known for its anti-cancer agents, consists of eight or nine evergreen
shrub or tall tree species that are distributed in China and Eastern Asia. Of them Korean native
plumyew (Cephalotaxus koreana Nakai) is the only species growing in South Korea. The Korean
native plumyew was studied in eight sites for habitat characteristics and plant samples were
analyzed using HPLC (High Performance Liquid Chromatography). The analyses of plant parts
showed that the HHT (homoharringtonine) contents were highest in plant needles. HHT contents
among and within populations were significantly different with Mt. South Dukyu(1048ug/g) having
the highest and followed by Mt. Naejang(958.7¢g/g) and Mt. Obong(411ug/g). The relationship
between the environmental factors and the HHT contents was investigated that soil moisture
appeared to be the most affecting factor to the content of HHT. The study of mass propagation
technique of Korean native plumyew was carried out by means of two experiments : cutting and
tissue culture. It was showed that the cutting was feasible to proliferate in short term and also had
good effects on root growth. Therefore, cutting propagation was more suitable and practical than
tissue culture in terms of time, economics and technique.

A novel purification method was developed to guarantee high purity and yield for producing HHT
from Korean native plumyew, The simple and efficient procedure for isolating and purifying HHT
from Korean native plumyew biomass consisted of solvent extraction, synthetic adsorbent treatment,
low-pressure and middle-pressure chromatography, followed by high- pressure chromatography. A
purified HHT (purity: 98%) was identified by LC/MS and NMR. The NMR spectrum of HHT was
identical to that of HHT reported in the literature. The morphologies of HHT were conveniently
controlled by solvent treatment and the morphologies of HHT were characterized by SEM. The
residual methanol and methylene chloride were easily removed (to less than concentration limit in
ICH(International Conference on Harmonisation) guidance) by spray drying. Amorphous HHT was
markedly more soluble in water than crystalline HHT. and the water content of amorphous HHT
was less changeable than crystalline HHT during storage. Hence, we found that this procedure is
fully possible to make products as medical treatments.

In vitro cytotoxicity assay of the ethanol extract of Korean native plumyew and its active
compound, HHT, was carried out using breast and blood cancer cell lines. A breast cancer cell line,
SK-BR-3 was more sensitive than SCC-1395. From the cancer cell screening experiment using
various blood cancer cell line, K562 cell line was selected because it had the highest
concentration—inhibition dependency and sensitivity among the tested cell lines. Using the cell line,
the optimal treatment conditions were experimentally obtained. When K562 was treated everyday for
9, 6, 3 days, 1C5 values of HHT were determined as 0.27, 0.37, and 1.10 mM, respectively. The
efficacy of HHT was compared with that of a known anticancer drug compound for blood cancer
treatment, adriamycin: the anticancer activity of HHT was comparable to adriamycin. Additionally,
the ethanol extract showed no significant adverse effect in hemolysis, and no mutagenicity. The pH

stability of HHT in the ethanol extract was examined: HHT was stable in wide range of neutral



and acidic pH, but it was unstable in alkaline pH (pH 11). The chemical composition of the ethanol
extract was analysed as 1.05% carbohydrate, 0.13% crude lipid, 0.02% crude protein, 0.06% crude
fiber, 0.2% crude ash, 98.54% moisture and 5.46% HHT, and the properties of HHT for a medical
use, was also determined.

In vivo physiological activity and toxicity test of the ethanol extract from Korean native plumyew
was performed. From the acute toxicity test, the number of red blood cell (RBC) in the group
treated with HHT was higher than the control group, but there was no significant difference in
chronic toxicity test. The degree of damage on liver was serious in acute toxicity test because of
the increased hepatic enzymes in chronic toxicity test. In histological analysis of damaged liver, the
expansion of hepatocyte and lipid denaturation was observed in acute toxicity test, and abnormal
feature of mouse liver surface was also observed in chronic toxicity test. HHT did not have effects

on the immunological function.
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H 2% = - 2 ZdEH7[=2 &

o
o
k)

o

AE Ao A9 Sl e ob A mE 1w, & Aol ofs) = Jju| Aol A 3ot
g4 52 homoharringtonines A&t Lk kA Ju|AYF-2] X9 9 AAdd e A
EA(LdARolE)o HelE #9215 tt. E3] homoharringtonine™ P388 leukemia, 11210 leukemia, B16
melanoma A 3ol thek et S Glato] oF X5 v WdH X g5o] TV 2 Aow delA
gk, 2 AT oI s=ab JiHAUFREEH g9t #FA4EF <l homoh arringtonine,
isoharringtonine, deoxyharringtonine, harringtonine 52| o ZAJ ko] 71224 A7 FlHT 9
th ols B4 oy 7Hx 4ARF, v HEY X8 2 X v(Alzheimer’s disease) X Fol| &I} =&
Ao AtmHEnh Egk AT A FEE = FGEES 7159 FgA vlete] Ee tigh &=

7b Eom O R ERE Eof AEE vheAd v =2 Y deAlE FEE v & A3l
=

t
o

Cephalotaxine:
R= H

Harringtonine:
O CH;-COMe
R= —C—C~—CH;—CH,—CMe;
OH (IDH
Homoharringtonine:

0 CH;-CO;Me

R= "C—-C—CHZ—CHZ—CHz—?Mez
OH oH

a1 AAYFAAN F2d FEEEY FFFE(EATI)

I
1
il
X
(o,
Lot
ol
otk

A 2d ThHY =

2 3dA 98 Paclitaxel 2 3 FUFAA AL ddA dEEZA ZEHA (Camptothecin, CPT) 59l
Qom AR FTFa(HAY, A, 7, waEet, Heb), A4, A, Fvtoly ) FubE A
J

[e]
#AY, dxslolr) o] A7 Fo A4eF Ll s

1995 o] =] o opxp N FAlE dxA o R AIDS A A, A, G, A3 steroid®]
A, Ay 5 A 84, impotence A BAE fls) A4, TR LAY, L @YU, gk A
3 So] olgH o WrA  Alzheimer & v XBEAZ Y= A3 4, FokF, FH4t

B F Sol ol gt
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g #AE wEE 2ue] BE

FEUR 5 R¢EN} wn HuA 1k Agda %u} Aot e wel fEH I gon
Adel FAERIA AT At FAY B AT A2 F AL TR AR AF
G e BAEE S AAoloA S Bel SIAE AN B Aol

AR NBALOE AYG A 2uAENA FHE 5 Ak

Ao BEE obtel Frstel® AAA v SR wrkw Adsy] Wi TAw
of M gor JFUREE T Wy 9y WEe] B ATlA Eangom Au §4% + At
WHS Asel 154 E bl AES FUH el TRFOoRA AARAL BAE HHol @
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qd g Al o] & ol EAMA LA UA R P = EP%OV] @i weked

_17_



o

H 3% odTMY g ¥ Hof

A AMAGE 94 Avdd 2 247& Lol

Jfu

Ne| 2P (Cephalotaxus)> =3 s5opAlote] AAsh= 45 #5 s 5o = 8~97f9 F
Fatth(van Gelderen, 1986). 3t=roll= @A Cephalotaxus koreana £49Fo] AAsI=d &9 38% o]
s A4S otk 22 ARgolFRE 490 i AL R SRl Al thEEe] 8~9€el
c 7REIARRES] Q1E 35~4em Zole] Ad¥ola, FHo] FElat, Eo] WEete] H[xpEe Aol E
th(o] -, 1980).

T oA FAXEAE AREEOR ARAEY] FEHE AR RS AL A A
1 9QtHOhnama ¢+ Holland, 1985). Powell %5(1972)2 78| AP E-(Cephalotaxus harringtonia) ]
ZHXE homoharringtonine (HHT) & ¥g]3}1, p388 Leukemia, 11210 Leukemia, B16 melanoma
Joh A4S gletdth Huang(1976)2 HHTSF RiAbp 2 5E F59 dZd=ol=E 54
il A o] IAAR Bustgar, FtolE Visani(1997)7F HHTVF A|EAE S U0 2R FF
A gtebar AAsEATE 1 F A oF 40F oo ddrol=Tt JRR[ART of Y FollA Y E
Sl (Miah, 1998), &% A4S zte NIRRT L ZEo]=% E5F cephalotaxine X2 harringtonine,
homoharringtonine, isoharringtonine®} deoxyharringtonine 5] 1tHZhou &, 1995).

M| APGFO A FEEH = FEEH-2 7]Ee] dhAd vkl Bl digh g =rt wom, 1 8% T
of AEE 7Aoo Wl$ =& AAY AR FEBT 9lvk(Jingyi, 2000). Cephalotaxine® 179] esters
s}eh4 Aol Hil(Wang, 1992) ¥aie glovk &) Yo} oJ#3] uAhui= HHTS F283 2k
o|tH(Jingyi, 2000). =uelAE ¥Ed  F(1994)e] =wdlel  ARARFAM R Fger EA4S 7HA
homoharringtonine® harringtonine®] £A3th= B urp R, FHZolsE A S(2000)0] A9 HE
ol-gato] JhH|A] A g A Fheke] wste]l dis] ®alsiith zEuh M AU S A
2L FA7E NS JRuAREe] HHTel #dsh 348h4 Aot Zr|dAlolw oA 7hA] w@e A7
A=A ekal k. o] AdEL I u[AFe] HHT <
et AR 7HsA e HHTY a4 oz2y 4y
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Figure 1. Cephalotaxus koreana Sampling site
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G AAN 29E 75y B4 FFRA

1) f7 & 35 2 4/ &
AEA AlgS Boe wsr] 98 60TCoAA 16417 HoF AxAZ & 712 B89 0.25 mm

sieveo] Z A AA HPLC EAE& ABE ALY 4L Wickremesinhe "9
o

JE] stell A funnelS o] &3to] o #ste] o (o M)S F|F38tal  rotary evaporator (25-27''Hg, 4
00)2 94 s=A#AY. ALEEL 05% ammnium hydroxided] =°]i(20 ml/g), ©] s=N3} T
chloroforms 7}ate] LM Zw 7|5 o] &3t & 8 & Atk A5 5= 4 F87F H4A st

“‘l -1
5|34 aL, s el A& chloroform$ 7hske] 38 Wk Sresie] FE o)

0

O

oth
i)
ftlo
Mol

\0

¢l chloroform

sttt

2)HPLC 4 Sample 2 HPLC &4}
FE9S YA rotary evaporator (25-27''Hg, 40C)2 #¢55 A7 & 1 31E-S methanol 3ml/gol
¢l & Syringe filtration(Whatman, 25 mm, 0.45 um, 50 units)3}$th. HPLC (High Performance Liq
uid Chromatography) 41 Lichrospher 60 RP-select B(4 x 250 mm, 5 mm)< Al-&3}o] 438}

o] 5/ 2= methanol?} 0.1 M ammonium formate &S A&t €1]2] gradient 272 0.8 ml
/min %92 methanol : 0.1 M ammonium formate”} 20 : 80 oA A]=}3}e] 404 5 40 @ 60 ©] =

T2 3 72+ 3gES 290 nm Sl A UVell 93 FFEE SA4eAn FAEFS 15 wolth Ho
moharringtonine?] -2 SigmailolA TS X5+ B Ha WHoR ¥F HAFAS A

CRET:

o

ko3
T

3. 43 4

7h AV AYF S XA FA
U RRI AR A E ] B
2555 Aestdnh
FE 7S WE Sl iR AEe] 8-S AvEY BEF 1E 1508 FIHAHY ¢4
dAA B @ 7] £ds EdE AAAT 5l A JRRj A BEA S
t}.(Table 1, Figure 2).3} 2t}
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Figure 2. A map showing distribution sites Cephalotaxus koreana species in Korea.
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Table 2. Ecological characters of each species in investigated region

Mu R} Y5 (Cephalotaxus koreana)

Z A A A% Y4t 5 AEAk AL WAL T4 *] 2] Ak
G A=, 741m 474m 248m 341m
25 N 35° 45.048' N 36° 21.237' N 35° 29.086' N 35° 15.575'
2 - E 127° 40.722' E 127° 13.185' E 126° 53.765' E 126° 31.922'
Al
;] A} 23727 % 610 % 41760 % 610 %
E | 7495 3.3 mm 4.9 mm 6.8 mm 3.9 mm
| mgsn 10 % 35 % 40 % 25 %
EYgH7E | 11725 % 25745 % 30~50 % 25~40 %
EA loam+ clay loam loam loam
A g5 AR FWR | ARR FEn [ AER Fur | ARy Fan
a7] | 70~80 65~75 500~600 90~ 100
A A HA | 20m*<50m 20mx35m 30mX><100m 20m><50m
AA ez [wgy 213 2543 253
T A | z=a
. 100~192 40~112 62.2~110 71~132
= = | (Cm)
-7 DBH
A 1~1.5 0.6~1.1 0.6~1 0.6~1.3
(Cm)
5 | 3~5 2~5 2~5 3~5
MAE | BEE| 50% 20% 30% 70%
demography | &8 2| 50% 80% 70% 30%
. =35
- =T =78 UYF e Sy
N 1= a= =
» ST LA A, s
= 7h A o b - PP Ap 2B
%‘ ﬂ,%]/]__-% /\‘/]'T J—"]'T(Tfo) 7H’H°ﬁ‘4’llj‘
R RARBETS
= A = =] & =
F R Mi]/]"l‘ AEY
il 7 BRI HEE S =2
= 2 e s B A%
i B A4 S ol 2 EERES
3 APE 5 o = U
2] 2] 2]
. Z3 %Aﬂ% iﬂﬁ <oy
= Ak, FolE RN =
B . B o}-2- 7| u] £
= U= o= g nubg
= 1A=
s 7] 4] 317
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NBA} Y F-(Cephalotaxus koreana)

Z AL A SFoF WAL g FHAL AE QB
SEITA 633m 82m 485m
Al #x N 35° 06.067" N 34° 29.429' N 34° 19.585'
2 - E 126° 38.632' E 126° 37.115' E 126° 42.150'
=] | B 11~40% 6~10% 41~60%
E | 795 4.7 Cm 6.3 Cm 4.7 Cm
B mopen 27 % 59.5 % 32.5 %
EdfrlE 30750 % 20740 % 15~25 %
EA loam loam loam
Ay EH Ay FEE AR AR SRR
7] 600~700 70~80 110~120
A g A 30m><100m 20m><50m 20m><100m
=
AN | BEE IR R RG]
Z 63~97 60~520 90~525
= = | Cm)
= o | DBH
g 0.5~1 0.5~9 0.5~4.3
(Cm)
T 3~5 3~7 3~11
ke e 60% 90% 80%
demography = 40% 10% 20%
A ZE =a0n _&er%
W 7)Ao - g Zuh}g
D T
= 2UF(E%) J A ol
= \ T o
i Rl PREETE S S
_2'_ )=
W bl A UF S ESBE-
=~ = 2~ =T
% = %TL}T S /\}._ﬂ AR
- = N Eu U -
d T
5
A e
= uh g e g e 5]
) B f24 SRR
< Az ﬂzqu A E
e A 184 E

o} AW ¥ HHT(Homoharringtonine) & & 9 g 4
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370 Haol A 7HA e F9¥E S homoharringtonined] AR ¥ =9} vlwsle] WZ EFE3H
(area normalization) 2.2 A3l om 1 4 Ayl FA AT ME graph 18]a A& HEHE
retention timeS Z}Z; Table 3, Figure3 , Figured ¥ Zt}.

TRAE AGFE7E et WA, WA, Agah & 33kl A o) e, &7] 3 FEoE vy 74
= stlom Zk JhAeE F-eintth AR Aol yErwth o, e, £7] o2 Aol =4 vE
o= S o Fs 7ML de dS AREFEY TS ARE 29 F Us AR JdEY, §F

ol A =S

R = =

=0 ugs = 4

Table 3. The Contents of Homoharringtonine in the Needles, Stems and Roots of Cephalotaxus k

oreana
HHT contents of each parts
Sample o) HHT contents of each parts (%)
g/8

Numb
Hmber Needie | Stem Root Total | Needle Stem Root
A1l 357.2 120.7 278.3| 756.2 47 .2 16.0 36.8
A2 480.4 178.6 273.5] 932.5 51.5 19.2 29.3
A3 859.8 232.5 178.111,270.4 67.7 18.3 14.0
A4 690.3 185.7 366.1| 1,242 .1 55.6 15.0 29.5
A5 458.8 113.6 365.5] 937.9 48.9 12.1 39.0
Ab6 1188.9 151.8 746.4| 2,087 .1 57.0 7.3 35.8
A7 645.3 352.2 286.4| 1,283.9 50.3 27.4 22.3

Average 668.7 190.7 356.3|1,215.73 54.0 16.5 29.5

* The contents (zg) of homoharringtonine was showed on the g dry weight in the needle,

stem, and root (data represent means *+ standard deviation)
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Figure3. HPLC chromatography of authentic HHT(Homoharringtonine) and extracts from Leaves,

Roots, Stems of Cephalotaxus koreana
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The vanation of HHT contents with plant parts in
. koreana

12000
1000.0
2.0
E.0
4m.0
2.0
0.0

HHT contents

Lieaf Root stermn

Figure 4. The variation of homoharringtonine(HHT) contents with plant parts in Cephalotaxus. k

oreana.
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ARFA 1-2. AuAGTE S50 A% 2 294, AAY, e FFHo)

7 $4Aw AL 9

e
ﬂ.?‘.'.

=]
F24

o

D gad 4487 24

=

870 F e %%‘J Z+e} homoharringtonine &3] #AAE A 38H7] 98t JNB| A2 F kel A
A & 10329 E%S Soil pH & Moisture Tester (DM-15)5 o] &3} =43} t}

%o mE homoharringtonine &2t 37 AA}ote] AAE LA 7] flste] FeFe] WA Huo
Ay AT A e IEER 53X EY e W FEE S5

Damage index®] W& homoharringtonine %3 EF Ate @ FEolo] #AE 4357 ¢354
ol wRAE Fekel A 50x50m FAMTE AASHaL, L 2ATE Al A, T, o AR EeE uE A
T HE 63 EG AR B FEE SASAT

O

o

1) AP 7] 2AL

871 Aol el QA=) 2AbE w9l WA AAFN/mIZ Vel duuse] E e
ARG e 2 A9 Y e AduEse) AFBEARGIF, 10. 2003~9. 2000F 7
An Aeg mbsdd. G574 we Bee AR ARG ddow HanAE @
A 7} Qeke]l A 3 Flee] Wel%L A a7 flshe] Prom LA

2) Homoharrintonine 3¢ ¥ FEA

7h SFEAS A AlE AF
o] A& 2004 9¥FE 2005 2¥€ 71 74%01] A
B3 ® AAd wE homoharringtonine| $F=o] 7 ol
) /‘éxo“’] HEo] i, &7Fe] wolrt &2 Hs
AF 3 FEL homoharringtonine?] &S EA4E o
of /ol ZZ(quuld/hquld extraction) 2 3} T ol¥ A3z Adojx HPLC (High Performance Liquid
Chromatography) w418 ¥1& o]&3lo] HPLC & b
87N Fko] FhFwio] HAE Ho}oi 7Y AT A% FY AL g WAl o
e T4 FEe At 45 141%“} A& A
AE do= deste] AA & 7 H4 obft-&l ¥ &
A 7 E dEEiA s AR s %‘%@‘ﬂ% Hast st
F 1608 & EA3Ft.

= A 5(2000)° ]3]
P A debdths waish Al 4

ins

N
&
rlo
3
»H
r U
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AA W e FFEel AL dAstel A NN A, P A A ) -4
guel 0 gl AR kel 9, Z7), B, B4 PAT ARG, B/E A
S0cm 7918 Al B BHFS EFF Fush B2 byt 193 FA4E F0E AARD B
Mol ALgetith Qe AT Fu, BR W), T el F s4de FAlol o] g3k

a5 wWE homoharrmgtonme steks w457 fleke] w4k Fdke] s 505mA-E 580m, 633m,
702m, 760m, 820m7tA| 670 A FlA A H T SAMAY "HejA A& AFHE 258 E A
7 I
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Sl AESETh 236 RE 5 o2t f5e 194 A% Yo 9e AMsh

2 o /o) FZ(Liquid/liquid extraction)
I Zol= A2 Wickremesinhe(1996) 'S BHA|A A& A &4 A58 B9 7
1 b ES AxAZ F B EAsta 0.25mm sieveol E3A|# A HPLC ¥
A B2 AFES Y. 48 HPLC 48 sample 1g2 methanol 50mle] ¢ % 10 #7F sonication
o] FEaAT. FEALS AL slolA funnelE o] &3te] oJi}ste] oS 3=t rotary
evaporator (25-27''Hg, 40C)Z2 &4 sFAAY. ALES 05% ammnium hydroxide 20ml/gell 9]
i, o] s=eat F&Fe]  chloroforme& 7héte] X2 7S ol &ste] 4 FHE vk FSI e
2 4 297t {9 se 9l chloroform3Rbs # g i, s dol M2 chloroforms 7Fshe] 33 Wi
T Hs Hoh

1 m1n
oo N,

t}) HPLC (High Performance Liquid Chromatography) #4l sample ¥ HPLC #4]

FZ NS thA]  rotary evaporator (25-27''Hg, 40C)E 453 A7l & AES methanol 3ml/g
=0o] & Syringe filtration (Whatman, 25mm, 0.45um, 50units)S 3t}. HPLC (High Performance
Liquid Chromatography) #21< Lichrospher 60 RP-select B (4 x 250mm, 5mm)S AF-&3te] 33t}
o]ZAo2E methanol® 0.1M ammonium formate &84S A&t {8l gradient A&
0.8ml/min 422 methanol : 0.IM ammonium formate2] H]&o] 20 : 80 oAl A|Z}3sle] 408 F 40 :
60 o] H=% gt FE3 7t sFE9 15uE HPLC A47]e F9438ksla, 2900nm 34l UVel 9

3 &3 =2 =A3slY . Homoharringtonined A28 SigmaildlA] 43 TFE4Eo 3 HAORE
B AFAS A3 & AR Figure 39 homoharringtonine®] @A #4S vebdich.

7F. A8 AgF9] A ) H9E homoharringtonine ¥ F ¥ 9]

AR RG-S A W B9 homoharringtonine®]  dr#EEA A3} (Table 4, Figure 5)
homoharringtonine g&o] FH(P<00D)Z 4T3 Fost Wol7t A& Aoz yebwt. 7lu 2
¢lof| 4] homoharringtonine®] &2 1011ug/g, Beloll A 325ug/g, =7191A 311.2ug/g(5=3] 247.3ug/g, =
AE 822ug/g), 28l FAANA 180ug/g 2 YESYE. Yol A homoharringtonine®] &-#o] 71 =9k
oW ttgow ¥y Z7] E2 £ow IS ey ]Hd HolE Hup AFAH o R eotr 7] 9
al Duncan HAS At om, 1 Ay Be F7], T2 1F o= ] o7t gle Ao UEy
i, 92 e, 7], FARY 2 Ao® Uyt o] 4 }‘—C‘  5(1996) 0] FAHE ALe &), =71,

o gis] Fo S vl 24 Aot FASA WEETE 3 5(2000)9] Hoarel] o3t slH|
AppEe] 9lo] ZF7)o] HlE] oF 2 AE =S homoharringtonine ¥EFS BTt P o B oA
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gleets Ao el AR FATA S EAES A7
FEFgo] THd HoR FEYUF(Taxus brevifolia) 75l
= §4L g %‘:LOJ = %O] AHEE AL 2l TH(Rao, 1995). & vy A AYo] JhsstE R AfH] A
Egk v 24 vlE) A E TEUCRE AHEE 7 AdS Ao RE FdEHETHA F, 2000).

Table 4. The variation of homoharringtonine contents in the different parts of Cephalotaxus

koreana trees of 3 different populations.

Homoharringtonine contents

Location Leaf Bark Stem Xylem Root Seed
SD 1047.7 294 89.5 224.7 172.2
NJ 958.7 303.5 55.8 393.9 2216
BU 617.4 144.5 46.2 356.3 146.2

Mean 1010.9+£257.2 247.3+63.9 63.9+19.5 325+178.1 180+50.4

* The contents(ug) of homoharringtonine in the leaf, stem, root, and seed were shown as the
gram dry weight (data represent means Zstandard deviation)
* SD, Mt. South Dukyu; NJ, Mt. Naejang; BU, Mt, Baekun.

1000
% 900 |
S 800 |
= 700 F
2
3 600
% 500
g 400 F T
S 300 | T
3 l T
o 200 [ l T
I 100 [
A B B B B

Leaf Bark Xylem Root Seed
Individual parts

Figure 5. The variation of homoharringtonine contents in the different parts of C. koreana trees
of the 3 different populations. Same letters are not significantly different (P<0.001) according to
Duncan's Multiple Range Test.

Avipre] A AAEYS frel eBAbel) e FRA F drAGoR Welgss
of 0N, FRAGoR Lehgss ol 5Y olshdth Fu H(19999] el Al AR
_l'ﬂ__

=
(€]
daFol Ao, wiedk A el M Aol fAdstrtar Bargh wh Q. o] AL 2ol wid o

Y. AAY 4+, 1 2 733} homoharringtonine 32 @A
14

2o Ay
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Goz eLsEs 4FTo BEFYel Bol Lol wet We] wHol ok AuAUTOIA Fele
WEAE WEORM AFS WY AJE AoE AU uebA AuATE FF5Ew0 ostel o

&, A

Yol o] Apehe] il mEEsk, FETF =& oA Aol £ o= dAdHETh

7h B AP = ‘ﬂr antitumor alkaloidE A &3dt=d =2 &S thgdt 4o AujE W=
Norman %(1980)e] A-F*ZA3} o] 2|5} free alkaloids (homoerythrina alkaloids, cephalotaxine)®] %=
7F = wet %ﬂﬂﬂ %+= HbH cephalotaxine ester (harringtonine, deoxyharringtonine,
isoharringtonine and homoharringtonine)?] =% F#Hol| wel ¢ oujy S7kstvta B stk 18
I AA GZRoE FEE Yo AR wEk FUF ey, E71e AdvE Ad3E JEddan =&
stk 1y o] A7 Norman 5(1980)¢] A #= g A A A 4713 &<t A AFo WA
2B A, B WA JHd, side] FEAF Jae 37 Jokel disiA Z ANAEE S, A, E
ZA e A8 5 o] &3}e] homoharringtonine¥ o] #AS EA 3¢ tH(Table 5, Figure 6).

e ARG F-o] =8 =1 % A3} homoharringtonine & #9 #AAS EA3 Az 238
o] 94lpg/g® 7HE =k, 3dAANA 4dA7MA] A Rl ZFAasithrl 5WdAlo] EHWA ghEFo]
566.1ug/g® F2433] Fadte Aoz yelyy =3I HAAL 69mmolAd 11.7mm, FiE 72cmol A
1232cm7H A= gheko]l HA Aty AL 11.7mm, FaE 1232cmB U AXEA T2 o] Fa
AtH(Table 5). 2l&9 A 223 h A =S B A& AlxzodA F(-)o #A7 A& 2 ¢4H3
tH(Phillips, 1977). o] Aol A X JRu|Abvr-o] 8, a1 2 A4 3 homohamngtomne/l e 5
(=)o #AZ Jdv ASZ YEFT

A

KN
=

Table 5. Relationship between the features of individual trees and homoharringtonine contents

Tree age(year) Diameter(mm) Height(cm) HHT contents(ug/g)
2 6.9 72.0 944.1+425.9
3 10.5 85.6 832.71£371.2
4 10.8 92.0 790.5+594 .4
5 11.7 123.2 566.1+356.4
6 16.4 188.2 114.6x£72.8
7 16.6 196.5 230.3+215.4

* This data was based on the features of 60 individuals and homoharringtonine contents

(represent means *standard deviation)
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Figure 6. Relationship between the features of individual trees and homoharringtonine contents.
Each of the data figures was transformed into percentage.

k. A RAYF¢ A& 7+ homoharringtonine 3¢l o]
Figure 32 F© ZF homoharringtonine @2 WolE& Yeld Aoz AFe Iy {4k ko] 1048
pg/g o= JH =R, g o R AF WAl o] 958.7ug/goln $Ee] 4k kol
2 7 skh B 5(1996)0] ATgk Aol et Ao E HERUE =
homoharringtonine 3t&o] Z78ctm ®B3 stgrh. ey o) AT Az BEx:om 2@
homoharringtonine &#°o] F713ttt= d#d AES g = ¢t (Figure 7).
W ¥ AR 52 homoharringtonine $F&Foll thaf A ek 7+ 2 Ak ) ®Holo of
F(Table 6, Table 7) I 7+ WHolFko] 652509.60. 2 FAt 7HP<0)o A3 Fo3k 2ol7F A= A
“ Ao
R

g

H -

o7 ZAF HJom, FHok Ul Wo ke 44180188422 FHuk Ulol A= o]k 9l 2 YEst o
23 zlo]lE Bl AR AR AvH7] €38t Duncan 7% (Duncan’s Multiple Range Test)S A A3}
aow, v A¥dE Ay YA WA 94k B Wil 94k A A AlEAl, g

- el Aow, 72 aF dl
° 2 b AEAYE, FeRik
FEAE 284 FoHQl Aol E e, WA gy Rl & B FeA el At
°o]Z Yelyon Wi A 3 Uebdlth webA 7]2el wE
homoharringtonine®] &% Wo] Htl= T & 421X 372 A7} homoharringtonine®] $hako| S

vE Ao Wl

_32_



1800
1600
1400
1200 |
1000 | ——
800 |

T
600 L L 1
400 |
200 - i -
0
BU DR OB

SD GR NJ JR KA
Region

HHT contents(xg/g)
|

Figure 7. The contents of homoharringtonine in the Cephalotaxus koreana trees of 8 different

populations
SD, Mt. South Dukyu; GR, Mt. Gyeryong; NJ, Mt. Naejang; JR, Mt. Jiri; BU, Mt, Baekun; DR, Mt.
Duryun; OB, Mt. Obong; KA, Mt. Kwanak.

Table 6. ANOVA of homoharringtonine contents in the Cephalotaxus koreana trees of 8 different

populations
DF MS P
Among populations 7 932272.8
F=3.21""
(.003)
Within populations 152 290659.1
7 P<O1.
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Table 7. Mean of the homoharringtonine contents in the Cephalotaxus koreana trees of 8

different populations

Region N. of Sample Mean S.D. Dunc'an
grouping

SD 20 1047.7 490.8 A

NJ 20 958.7 428.3 B A
BU 20 617.4 309.2 B A C
JR 20 586.6 331.2 B C
GR 20 583.1 257.9 B C
KA 20 546.4 308.5 C
DR 20 467.3 250.2 C
OB 20 411.0 121.3 C

* SD, Mt. South Dukyu; GR, Mt. Gyeryong; NJ, Mt. Naejang; JR, Mt. Jiri; BU, Mt, Baekun; DR, Mt.
Duryun; OB, Mt. Obong; KA, Mt. Kwanak.

* Multiple comparison by Duncan's Multiple Range Test.

% 8/ F2e FAEZ #74 UA homoharringtonine 3 F 39| #A

87/ Aetel TAEZA 3¢t homoharringtonine 33 AAZ BA &7 9ste] AH| A
o] Aol A E pH, EY F5(%), AALE(N/m?), 712(T)S o g3te] 374xe] 2z A&ate]
tH(Table 8, Figure 8). E%¢ pHE WA o] 72 7FF =gow, AEa Jda AL duol
645 7bd vk pHE YEHHTh EY S5 U A9 40%2 7HE E9ka, 28k Jo] 265% =
7bg gtk A EE WA Jdo] AN/m’E 7 =gken 9B H o] O .SN/mZOE 7W E3
b 7L 28k Fde] 147CR 7MY ¥k, dE R
Homoharringtonine & 3o] 1048ug/go. 2 71 =& Py /2F Jube =
worom, A= F(h) AR FXE YEWla, 7|22 b sk g WAl e d A A

© 2 homoharringtonine &3 E¢ pH, EY F5%, AXEE

4).

FAE2 3740 2et homoharringtonine &2l #AE 49 2 A3 (Table 9) FlFT 5%F0
A EG sx9 AR Fo6ta, EY pH, AMAEE, 7129 IAATES FostA S Jow
etk ok EFERE homoharringtonine 3ol =2 &S wx= Zlo® Holi, EY pH,

ol ko
[} =
AqEE, Jee gwd 9%e vAE AE} we Aom

homoharringtonine shafFo] -/ A Ul
Gro] IiA A HosE Sedd s
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Figure 8. Relationship between homoharringtonine contents and abiotic factors in the 8 different

populations. Each of the data figures was transformed into percentage.

Table 8. Relationship between homoharringtonine contents and abiotic factors in the 8 different

populations.
HHT (zg/g2) Moisture(%) PH Density(%) Temperature(C)
SD 1047.7 38.1 6 2.7 12.6
NJ 958.7 40 7 4 13.8
BU 617.4 37.4 6.7 3.5 13.3
JR 586.6 36.2 6.4 2.1 13.2
GR 583.1 35 6.4 2.9 14.2
DR 467.3 33.4 6.5 0.5 14.1
OB 411 26.5 6.8 0.3 14.7
KA 546.4 - - - 13.7
Mean 652.3 35.2 6.5 2.3 13.7
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Table 9. Regression of homoharringtonine contents with abiotic factors in the 8 different
populations.

Coefficient t—value R?
Soil pH -180.35 -0.56 0.05
Soil moisture 42.30" 2.69 0.59
Density 117.56 2.14 0.48
Temperature -236.21 -2.25 0.46

* Simple regression was conducted. Significance of differences from the abiotic factors:
P<0.05

o, 1% @E FAHEH 37 AA9 homoharrnigtonine?] & F Wo]

Homoharringtonine iL%=7} Fobdg 5 ghafo] vropxin FFe] WAt JoolA nkrp e
530mell A 622.9ug/g % 7FE wA UEbwka, nE7F 820mell A 2254ug/g o2 74 whAl vpEbwith
Darrow 5(1997)& &2 7 ol (Plantago lanceolata)°l ™ a4 monoterpenoid 3&%¢<1 catalpol®] L=l
w2 ol E ATt Catalpol LE7F vb A Mo A gheFo] =k, L 7F =& Aol A FEF
o] yvrol B Agy {As AFE e ol e dd2 o] Agdxtgtn b gew, di o
gk BHao] Bl o] olxtiAlbE e Ao HEFES Frhve B/ E JHAd o AwWE ¢ doa
ATE 1% M7 FolA Darrow(1997)¢] A+

I

B3 39 (Bryant &, 1987, Herms &, 1992). & ¢
9} d<¢lo] AdX3tta BY|E oy, dio thak ©A 9 v]E°] homoharringtonine & o= A
T JEFEs A= A2 FHE

“Il

d pHE= 633mellA 7 =A Yepstou el wE pHe dud Wol= Holx sttt BEY
EE AE7F molAg R vroldth, 50omel A 429% = 7Hd =A YERSLAL, 820mell A 31.4% = 7HE

=
okl (Figure 9).

Axo & FAEZA 3729l homoharringtonine®d] &2 Ao thalA] homoharringtonine &%
of FilHoR we GFAAE 7] gt T3 S AAS Ay FoeE 5% FEolA E
& FE9 3AAFTH FostATh mebA A gF vlawet vk R EY pH Bt EY FE7F 4
4 © 2 homoharringtonine $H&o] =& JgS v X= Ao 2 HAY(Table 10, Table 11).

_36_



30

Percent(%)

—e—Moisture
—=—PH

—a—HHT

505 580 633 702 760 820
Altitude(m)

Figure 9. Relationship between homoharringtonine contents and abiotic factors with altitude at

Mt. Baekun.

Table 10. Relationship between homoharringtonine contents and abiotic factors with altitude at

Mt. Baekun.
Altitude moisture PH HHT
505 42.9 6.1 538.5
580 40 7 622.9
633 39.8 6.7 506.0
702 34.9 5.8 398.2
760 33.5 6.2 281.8
820 31.4 5.7 2254
Mean 37.1 6.3 428.8

Table 11. Regression of homoharringtonine contents with abiotic factors in different altitude at

Mt. Baekun.
Coefficient t—-value R?
Soil pH 25.127 3.26
0.90
Soil moisture 96.8 1.43

* Multiple regression was conducted. Significance of differences from the abiotic factors:

P<0.05
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AFZA 1-3. AR AT dF S47€ AT
2. A 2 99

o AY 2 N FE B AU hFFA

1) ZAHA Y
2005 11€%¥ 200603 2¢€ 7FHA A= T AES
homoharringtonine $+&o] 7} H& AAYdE Axo Ju i &8

FF8to] N8R A& THFigure 10).

248 A% APRELt A3 S
Ao 12949 f45

tlo K

=
=

Figure 10. 98524 7u|zF YT 282 A 2 23

2) AEF =

7h 49 AAF

Callus el o] &3k 1-2dA ] BFAe7F £2 s o] &3tk Slol
dolz AE g AAF F 70% Awel 128 F ¥
hypochlorite(NaClo) &2 10-15%-7F %W A3 & Hids=

30-40% &<+ Al A sl

3](5m, 5m, 20m, 5m, 5m) tZFo®E =

) Fxe] HdAE
HAbslpEA(1%)0ll A2 9 & A A 1Y sk WA 9t &4F 70%22 30-60% &<t
Shaking 3 ¥ Sodium Hypochlorite 2% < Flaskel] 30% s<F A

o} o] F 53] 30 F<F AMASATH

=3
g
>
=t
P‘L
R
=
i)
=]
4
il
©o
L
R
i)

3) WA Az R AxejF
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71 99 dHA A xuf

95 03-1Cm AEZE A2 5 SHulA ¢S E3ps 1A vigE wix 9ol &A wids Al2et
I, ek derajokel o] 88 A Au A= Schenk®t Hilderbrandt(SH) 7] Euj=] o] exdo g 23S
20g/L 7}, 2 mg/L 24-D%F 0.5 mg/L Kinetin, vitamin &3 &94< 2 %3¢ (Figure 11). o] &3k
RE 242 Fat 2AdelA FaAor dAsta, 25T oA wigF Az $ Callus7h =5 H
T Aol e As = AdmES AAEAt pHE 7HbE71Ed Aol IN NaOH= 5.8°] &
=2 3t Aduse 25F Ao 2 F3sslar 250ml Erlenmeyer flaskel]l 100mle] wj Aol &3
TookAho 3 A AEufUdr|o A 120rpm, 25CE A3} th. AP A= Bringi 5°] 7§@3 A4ka)A]
2 712 AQPE 3] 2 mg/L 24-D9 05 mg/L Kinetin vitamin 5% &, amino acid £%-& %S 7}
sttt gadowE AW 60g/LE H7EE AWM A(PMBES)S 33 60 g/LE H7kgh ALk
(PMB6F)E °]-&3% ¥ pHE 7Hts7ldst Aol 580] ¥ =5 &l

Figure 11. 4 AuAd] XA

FTAY AAME =

Tl FA4Y] embryoE EElail thE SHEfA Ol & EE A wigg wiA el &7
S A Fe Y tH(Figure 12). dErujekol] o] 88 A Auf A= Schenk®} Hilderbrandt(SH) 7]¥-uj x| o]

gador AFe 20g/L H7Fetal, 2 mg/L 24-D9F 05 mg/L Kinetin, vitamin &% -89& W33

thoolelgk BE 2L o Ao A T AoR AASta, 25T dxoA sl A& 3 Callus
7F FEEW olF Aol 5 S =t Aduids AAste MEFE ST pHE 7571
"3 Aol IN NaOHZ 58°] HEE st Atwide 25 tAo =z $335ta2, 250ml Erlenmeyer

= Bringi 5°] /st AR E 7]EAQZ o] 2 mg/L 24-D¢ 05 mg/L Kinetin, vitamin =&
A amino acid TFENS H7lsArh. BdAhdoRE (Y 60g/LE H7Hek A A (PMB6S)9 39
60 g/LE #7Fs A2 A (PMB6F)E ©]83 & pHE 7Hts7IEad ol 580] HEE 3%t

_40_



Figure 12. 29 embryoS AR ujA|o] XA

o

5

ok

3. 48 Au Rl o FF
A AR E AARE AT Qi FERANA Aol 2R URE Agste] ArE AR

HEUAAA)E 9-10em7t HES A2 F ALHsta o} Sy SUIA AR shgich 4

l

¥

a
T peatmoss : vermiculite = 1 : 1, peatmoss : vermiculite : perlite = 1 : 1 : 1, peatmoss : perlite = 1
1 HER UE SEEER 9, HEEAAE AFEe IBA Rootone(FAE NAA)S 22+ 75,
100, 200 ppmell 24A17HS A AT AEGS WG AFFOR 22, 24, 26CTE 255 v2A a9,
v FAYE Fi, g 3vRo s A9e AAEA A A7 20061 3 19 AR
o] AtE 371 T W < ZAFeS tH(Figure 13).
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2o g an
e H2T

E=EHI| D YAEE 9l A
w0l 21°C U EI2 SX

3. 4% 2 u&

. ez NES F AAGE d2EEA
AL Aol Gl A= dEHY TR s E gotstaat Qo] &7 duAE
2,4-D¢} Kinetin®] F7Fel MSHl=|oll X|date] e~
AHTA ] Aol M7t FAHT] AlA
o HAAY BE oA e Ae2rt FREJoH A F | B3
Aol A= R s A @ar AWst e aAbEAe] FEYAA YErstE. JHE[ AR o) A A
2 mg/L 2,4-D¢ 0.5 mg/L Kinetin® ZgujA]o] XAl wf AH27F 74 a8 o2 =5
, S bxo] FxdEY Ay fed fHeA AEete AS o AT JRE| AR T
7] $18ke] 47kA] wiA(0.5 NS, NS, B5, SIDE A& A3} SHujA ol A 34%0. % 74
HHog FE=FHUY(Table 13). SHERAO] 2 mg/L 2,4-D9} 0.5 mg/L Kinetin® =%
AA frefl B 2s dxdodA Avudsidled 27 s AS FAss 2
e maste] Edeo] ofel MH AR HH shoot 7]
AR Q1A ] Ay e
93] shoot—forming(SF) 72229} non-shoot-forming(NSF) e~z FFE3 4= A
ol Feo] lar, o] AdatA iAo AAHew FH 7|7%2= 4
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Tk mbdo] NSF A A At em hpwko] @AY AR Fhell R o] Ao A FAMAAY
I

Gl Aol o o d 4

Table 12) 7WR|AFGF<] ), &7], TARZRE AL fo #F 4SAF2H A 29

A EATZEEAD (mg/L) Callus % (%)*
2,4-D Kinetin <2 =7 2t
0.5 0.2 11 0 0
1 0.2 15 0 0
2 0.2 22 2 0
5 0.2 17 0 0
0.5 0.5 13 0 0
1 0.5 24 0 2
2 0.5 36 11 5
5 0.5 24 2 0

Table 13) ZNHAIE S 9, E/122E e A=Y 53

11 ST
A=) ) . Callus %= (%)* —
0.5 MS 15 0
MS 21 0
B5 11 0
SH 34 5

* 267 Alateh HEA @ ZEA ddH WEES(%)

HFEAE GaAe e o e FAT AXAE 9 o5 AR} e e
2 fEste A Agd HBA AR 242 FYsa 0 Fasich. AFS s oo A
M M GE] Y SFA LGS WAZE RelsA 2u g oo At FPor BAYS o
Fol olES Ae VIERE AFY (ACE 28013 AulFe B AEE A2F 5 ng/l 2,4-D

[e]
¢} 0.5 mg/L Kinetin®} 1mg/L CH(Casein Hydrolysate)7} H7Fd AAufx| oA tigEo 2 HEu|oke 3}
gou FFole o7 VEHd AR A& AEA AR #EE = gk (Figure 14,

Figure 15).
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17 ¥ 65 7

Figure 14. 7IB]XHE Q) HHEA Y A2 Y

Figure 15. Shoot-Forming(SF) 72|22 Fe3 EA

. AEE W ANAIRY hFFY

1) /¥ APYFo] eS8 e gyl

MR A= =7 E1 o] & HV}X] 432 °] Zﬂ?—:]_ ol FAHE A7|EA 39 1de  peat
moss : vermiculite =1 : 1 ¢ H|&= f?_ A 24T AELEE 22T AEernt fEFPA
AEE A9k HL;’@‘: O Ao, ‘i—»_‘ @Zﬂv«] G H oA FA4g Apo] 2 9ot 26T A
2o SZEAAHA HA AR e Wokrh, I E&e Aol wepx] thEA ERR

=4, 24C9 A&E2% IBA 200 ppm®] 56.6%, 26C A& Rootone 200 ppm®] 15.4%% 7} =kt
22C &ZolAq= IBA 75 ppme] 57.9%=2 7} =kow wEEAAE 2.6, HZAE 2.5, d2HNH
1.9cm, A Z 48.6mgo. 2 7HE =9kth(Table 14, Figure 16).
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=

Table 14. 7RU| A7 AE-LE(peat moss : vermiculite = 1 : 1) W& AEL2E 2 SZE2 A
A7t &2 v A& FIF

. IS4 s ¥ N W o g it AT
EEO) | grean gy |1ERE B AR (cm) (mg/ )

-4 2] 1.3 1.4 1.3 11.6

IBA 75 2.6 2.5 1.9 48.6

IBA 100 2.4 2.3 1.4 45.3

22 IBA 200 2.2 2.1 1.2 40.3
Rootone 75 1.9 1.2 1.1 28.7

Rootone 100 2 1.5 1.2 32.9

Rootone 200 2.2 1.9 1.4 34.3
ks 2.09 1.84 1.36 34.53
A 1.9 1.7 1.4 28.4

IBA 75 2.5 2.2 1.7 43.2

IBA 100 2.4 2.3 1.6 40.8

24 IBA 200 2.6 2.4 1.9 46.1
Rootone 75 2 2.2 1.5 45.3

Rootone 100 1.5 1.8 1.3 28.6

Rootone 200 1 1.1 0.8 11.4

At 1.99 1.96 1.46 34.83
A4 1.5 1.2 1.4 22.7

IBA 75 1.1 1.1 0.8 19.1

IBA 100 1.4 1.4 1.4 24.6

26 IBA 200 1.5 1.4 1.3 22.8
Rootone 75 1.5 1.3 0.9 19.4

Rootone 100 1.6 1.3 1.2 22.9

Rootone 200 1.8 1.5 1.5 25.4

r 1.49 1.31 1.21 22.41

By
1D wiEe, 20 B, 3 BE, 40 FE, 5 we-gE
1

~5, 2¢ 6~10, 3: 11~15, 4: 16~20, 5: 207 °|
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100
0 r m22C
&) .
wr 70T 579 m24C
=
= 60 - %5 50.9 -
S 50
=
0 5. 37.735 37.9
% 30
20 L 2.1 0424
10 :
0

E S =

aal

22Xz, B:IBA75ppm, C:IBA 100 ppm, D : IBA 200 ppm,
: Rootone 75 ppm, F : Rootone 100 ppm, G : Rootone 200 ppm

m >

Figure 16. 7|8|A}F E3 E(peat moss : vermiculite = 1 : 1) A=29| MA=22F 3 UZEZIAY &

o
0=

B AR S peat moss ¢ vermiculite : perlite = 1 11 : 1 ¢ HEE A2 A3 2 AEZLE

8
g wtg 9 A gadielA Mg w2 A9E i?}zw](Flgure 17), 24T 9 At=2x7} 22T, 2
6C AE2ERT W28 9 S LA Edth(Figure 18). IFA A dojx = IBAZF
Rootone®.t} W Zxzlo] 2 ¥ Ao 7 ey oW (Figure 19), Rootone 200 ppmeo] W& % HiA
Ao A 74 vkt ey 24T AE2 oA IBA 100 ppme 744% % 7F =& W8S B4
o, g addd R EFGA 41, $24% 33, dEH U 2.3cm, HEAAAFT 57.2mgoE MY =

Skth(Table 15, Figure 20).

M

peat moss 1 @ vermiculite 1 peat moss 1 : vermiculite 1 : perlite 1 peat moss 1 : perlite 1

Figure 17. /A8 AV H 2] FE2LEJ s 22 &AW ELE 24T, IBA 100ppm)
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"t
b

22C

_ I | \
24°C

26°C

Figure 18. /v AU F9 A4E 2%

(IBA 100ppm, peat moss 1 : vermiculite 1 : perlite 1)

o Be wg

IBA

Rootone

Figure 19. WA AEEZEAA ] & T2&

(IBA 100ppm, peat moss 1 : vermiculite 1 : perlite 1, 24C)
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Table 15. 7RH|AIF AE-LE(peat moss : vermiculite : perlite=1:1: 1o & FE2x &
BZESAA A 27 T2 v X = I

. &4 s 2 L W EH O kbt A A F
exwce) | R i 1R AR wEgEe - | e
A7 1.2 1.3 1.3 11.6
IBA 75 2.8 2.9 1.5 48.6
IBA 100 3.2 3.1 1.9 51.1
22 IBA 200 3 2.9 1.9 52.1
Rootone 75 2.2 1.9 1.1 28.7
Rootone 100 2.6 2.1 1.4 35.9
Rootone 200 2.4 1.9 1.2 31.3
HLt 2.49 2.30 1.47 37.04
A 2] 2 1.5 1.4 28.4
IBA 75 3.5 3.2 1.9 51.1
IBA 100 4.1 3.3 2.3 57.2
24 IBA 200 3.5 2.9 2 53.1
Rootone 75 2.5 2.2 1.8 42.1
Rootone 100 3.1 2.9 2 49.7
Rootone 200 2.1 2.3 1.8 40.5
HLt 2.97 2.61 1.89 46.01
A 1.3 1.2 1.5 23.7
IBA 75 2.1 1.8 1.3 40.1
IBA 100 2.2 1.8 1.2 38.6
26 IBA 200 2.5 1.9 1.4 40.3
Rootone 75 1.5 1.3 1.2 33.4
Rootone 100 1.2 2.1 1.5 21.9
Rootone 200 1.8 1.5 1.4 22.4
4t 1.80 1.66 1.36 31.49

* 1wlEE, 20 B, 3 B, 4 4E, 5 eYE
1~5, 2: 6~10, 3: 11~15, 4: 16~20, 5: 2071 °]’%

m22c

m24C

o26c

() morynz

22 A 2

A:RXz2l, B:IBA75ppm, C:IBA 100 ppm, D : IBA 200 ppm,
E : Rootone 75 ppm, F : Rootone 100 ppm, G : Rootone 200 ppm

Figure 20. 7RB|AIF E3LE (peat moss : vermiculite : perlite =1 : 1 : 1) A2 JEL2L
dZEAE G2
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AR APG S peat moss : perlite = 1 : 1 ¢ H&Z A&E3 Ay} @28 @ @ g A
WG ARE vEdlon, 22T AE2R7F 24, 26C AE2ERT d2AE

SHE, oA o EAFAA A YEb T R B2 E S 22T ] ARl

24,
26C et dAFoz =4 veElskon | IBA 200 ppme] 38.2%% 7} =kl W H AEH
A 22C9 A2 w [BA 200 ppmo] WEFAYAE 2.4, 2% 2.1, H2H QA 1.5em, H2AA =

35.1mg o2 7} =kth(Table 16, Figure 21).

Table 16. 7§B]API}F E3}HL-E(peat moss : perlite = 1 : 1)d] W& FE2x @ WZE2 4387}
o) v X G

j HLEL;TZ_];Q e ul ~ uk T o R gk X =
ewce) | ey RN e wegwe | SOENE ) EE DY
A 1.8 1.6 1.4 27.9
IBA 75 1.5 1.5 1.2 22.7
IBA 100 2.3 1.7 1.4 31.6
22 IBA 200 2.4 2.1 1.5 35.1
Rootone 75 2.2 1.7 1.4 32.7
Rootone 100 2 1.6 1.5 28.9
Rootone 200 1.8 1.5 1.3 25.4
ALt 2.00 1.67 1.39 29.19
A7 1.7 1.3 1.1 24.8
IBA 75 1.6 1.3 0.9 21.1
IBA 100 1.8 1.5 1.2 26.8
24 IBA 200 1.6 1.2 0.8 18.6
Rootone 75 1.7 1.4 1.1 21.7
Rootone 100 1.5 1.3 0.8 19.8
Rootone 200 1.4 1.1 0.9 15.9
Bt 1.61 1.30 0.97 21.24
A 1.6 1.6 1.3 23.9
IBA 75 1.5 1.8 1.1 22.3
IBA 100 1.5 1.7 1.3 22.7
26 IBA 200 1.8 1.9 1.4 25.8
Rootone 75 1.1 1.3 0.7 13.4
Rootone 100 1.9 2.1 1.4 28.9
Rootone 200 1.6 1.8 1.2 23.6
Ry 1.57 1.74 1.20 22.94

* 1DvleE, 20 29, 3 BT, 4 4, 5 vleds
w10 1~5, 2 6~10, 3t 11~15, 4: 16~20, 5: 2071 °]%
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100
D r m22c
80 -

i m24C

iy
—

o26c

Lo 35.4 38.2 345 3.2

() Morkm
88333

20
10

A:FXz2l, B:IBA75ppm, C:IBA 100 ppm, D : IBA 200 ppm,
E : Rootone 75 ppm, F : Rootone 100 ppm, G : Rootone 200 ppm

Figure 21. 7A¥)| AN E3F2E(peat moss : perlite = 1 : 1) &52| A4S o UZEFAY =g

7h AR AP AAA, Ve A HelA 2R SR s o E3doln AEAH AR e

v R R-e] A4E 8 EE peat moss | vermiculite © perlite = 1 @1 @ 1 H]E9 AEZg
peatmoss : vermiculite = 1 : 1, peatmoss : perlite = 1 : 1 #] &9 AE&ERT g 2 o
27 He A 7MY =& A3E Bt

AR S B EAA = 24T AR E A IBA 100 ppmo] 744%= 7Hg ES B E&S B
=3

kv

A 28 AHAYFEZS o] &3 A7]TAH EF AAI|E i
A3 AT

o

1. A
Au| Aol FEE = 4= 22 homoharringtoninets I d o] &AL 2ty 91 F% v F
AAAZ o} FEA 2(apoptosis)E EU2ZHN T A4S AFst= EZo|tt. Homoharringtonine
Aol dE g 71E9] oA Hlete] ol e &=t =om 1 e T ol AEst 7t

o

2

%

Aol wl = AAY FAAE FERI AT Cephalotaxus &2

I dEES FHoE oy A7t olFoAH = Cephalotaxus®l 7+ Fo tg =&
2], &4 (dentification)st2 ©°]E9 &4 A (activity)= FAsFAT) BE‘} cephalotaxine®} 17 2]
esters® &2 FAH WHol K HI oyt FEo] uol i]iy%Ei«] A FES
homoharringtonine A34HS 913 ]3] Tk WHoltt, 8 A& ¢l homoharringtonine®| 4t
AstE AeiA = i A 3 i 2 B4 A s FA oA o]oﬂ EH—J A= ob dds]
&3t A elt) mEkA 2 AFdAMe FFE FIAZ 7hsA el =2 homoharringtonine®] 4AFH A1 A}
S 9% Al AR A2 5B homoharringtonine®] 7 2 AA TAS AEsm AAR
homoharringtonine®] &7 ¥} homoharringtonine®] &4 ATE FPsFA}. olgj3t A+ A= Agdst
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Y. Homoharringtonine (HHT)9] #4

HPLC (High Performance Liquid Chromatography) #42 C18 column (Shiseido, 4.6 x 250 mm, 5
S AFgEte] =38ttt o] A S 2 methanol® 0.1 M ammonium formate & %<& A&ttt &
) ] gradient 72 1.0 ml/min © & methanol : 0.1 M ammonium formate”} 20 : 80 oAl A] %}
sle] 304 F 40 : 60 o] HE=Z .2 FEES 290 nmollA UVel o) HEEJoen =
20 plo]t}. Homoharringtonine2] EFA B (Sigma A, €% 1 986 %) ¥z WHow H

JgRe AT F A

ol o Ho
ot 2 b
o & |

MN o

t}. HPLC ¥4 A&
HPLC 45 A% A2 #2498 2 st o 1 ml AF ko] evaporatorz ¢+l 5541
T AF Ax7IAA 12417 FeF Az AaES 1 mle methanolo] £3A1Z1 = syringe

_44_



HPLCZ #4139

2. §7] &} F=(solvent extraction) &3

F71 &M E o] &3}o] biomassZH-E FWH] FAE 2= 48452 homoharringtonined F% 3}
ATt o714 biomasszl & el A AFe AE AR A JiEA YRE B FEE e S
oJn) g}, Biomassel f7]1&mWMZE 718t 1,500 rpm/min® 2 ko] H o) 3,000 rpm/min¢l ¥k E AFS
oA 208 ¢t FEEUTE. = F aspirator® ZFHAE ol A funnelS o] &3}o] o] w}alo] o u}ol
(A M)S 353t filter cakes AHS F& 24 S 20 E A FE35h WHoR F 33 wHE F
=5 FdstAT A FAHJA FUEH FEAAAE HAY FF £&S 4E T Ue HUIEW AF, F
= Slgo mE &3 wyk Agte] mE FF &3 8o Tl wE &3 T5 Fetr] Slg A
& Fdste] HA o =& AAsATt

v}, /M =Z(liquid/liquid extraction) &3
718w FEoAA 35 e NS rotary evaporator (25-27''Hg, 40C)E ©] &3}
& %2 chloroforms 7béto] &S wnk £ 1500 rpm/min& 2 dto] A2
HZAw 7] & o] &ate] A FHE SATH ol& A/ FFol st AF

HH 35 A2l chloroformZ ¥He 3| 573aL, s Hel M=% chloroforms 7Fshe] 4 T

e + Al A&t A/ FEF FAHES Fole] 54 EEES
A/l FZo] Ao FF 35 FEFH h
&0l doiM e pHe JaFS #EEATh pHE 25, 501, 952 HIAA AFS 35, pH =4
< 2% HCI¥ 05% NaOHZE AF-&-3}% T},

S A O = e
> H Ho
~
o
( HE
4
ofo
ol
Lo

IS
o

3. 2% & 1%

7}. Biomass9 37| W& F% 3 &
AR sF=rab i8I W5 (Cephalotaxus koreana)S Z7|¥ 2 747 1.4 mm, 1 mm, 05 mm, 0.25
mm, 0.1 mmz +23t] FF AFS TR oluf biomass 60TolA 16A s X o=
Ztzbe] A7) E sieveE ARE3Eo] A&t} Biomass 0.5 gol| ethanol 4 mlE £3slo] 3082 F¢F A2
A awr AlA FZE vk A7 2E 58S Figure 2014 ®BE vle 2o biomasse A7|EE 3
¥l homoharringtonine® 3$F#o] 14 mm% u 1408 mg/g, 1.0 mm¥ W 1.696 mg/g, 0.5 mm¢%<
1.952 mg/g, 025 mm¥ W 2608 mg/go= 7Z}7t YEWth 59 FE5F7 Stol A biomasse] =7]
0.25 mm<% w9 homoharringtonine®] &S 1.4 mm =7]o] vls] o 2w A= =A et} o=
o] FEAZH30E) F<t biomasse] Z7]7F ZHS4= biomass®Z4-E homoharringtonine©| ##] %

= Aoz AdHAY, (Figure 1)

o432 2
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HHT contents(mg/g)

1.6 1

1.4 ~ ®

1.2 : : : :
14 1 05 0.25mm

Biomass size(mm)

Figure 1. Effect of biomass size on extraction efficiency.

Y. Biomass® A% Z A9 wE homoharringtonine ¥ %F W

A =k JHI A Y5 (biomass) & 50°C, 60T, 70TCAlA 2zt 12417k, 24A17F, 48A1 7, 72X &

oF AZAIZ & 025 mm ©J3te] AV|E B3 F EZ2 wEU. Figure 2004 Hi& ufo} o]

homoharringtonine®] $t#o] 50C < 60CAN = AZE AlFFo] Aol Ao wel homoharringtonine?] %
P

o

o o

o] ZF7sttt 48417k o] FHE = Hiak fAste Aow yEewTh 70TColA = AxAIZte] AojAFE

homoharringtonine®| 3ol FF FHaidhes ZAo®m Uetuth ojdfd Aie iy Aefd A&

AEHo] 2k B JEFs e AR AV o, n2ddA AEF A Ede] Aio] &
Ho 7

2]
3l w= Aol AVl "o A FulA vel X 29k Ax AZRE Figure 2014 R
3 =3
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Figure 2. Effect of biomass drying condition (time and temp.) on extraction efficiency.

t}. Biomass &34 A3}

1) Biomass & Al 49 f7]&d A4
ozl 7tx H7]  &v(ethanol, methanol, diethylether, propyl alcohol, acetone, chloroform,
chloroform/ethanol(9/1), chloroform/ethanol(8/2), methylene chloride, methylene chloride/ethanol(9/1), methylene

chloride/ethanol(9/2) )& ©]-&3}°] biomassZ*-E] homoharringtonine®] % 43S At #7718 A
A Al homoharringtonine®] % &3 B2 (34 2 v34) E?} AEE A3 olueo] A3
2L 42 40 mlel 71 8uol 5 g biomassE AoA 30EFF oA wHtAlA FEF &S ZA}
3ttt Table 1914 H&= v} o] ethanole] A5 54 ETEo] ’SFEH@P—E = Wo] =47+ st
Auk 7pg A& ko7 714 =8 homoharringtonine 348 (>95%)S FoyAe 7] dAYS
288 2 v} biomassEXFE homoharringtonine®] F&o 714 g3 L% o = A aYEE F3

I E homoharringtonine % &4 /N¥2 93] ethanolS ¥ st}
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Table 1. Effect of solvent on biomass extraction efficiency(b g biomass/40 ml solvent, room

temperature, 30 minutes reaction)

Solvent Polar impurity* Homoharringtonine Nonpolar impurity Yield
Ethanol +++ ++++ - ++++
Methanol ++++ ++ - ++
Diethylether - - - -
Propyl alcohol ++ ++ - ++
Acetone + + - +
Chloroform - - - -
Chloroform/Ethanol(9/1) + + - +
Chloroform/Ethanol(8/2) ++ ++ - ++

Methylene chloride - - - _

Methylene chloride/
Ethanol(9/1) + + - +

Methylene chloride/
Ethanol(8/2)

++ + + - ++

*+: High extraction efficiency, -:low extraction efficiency

2) Ethanol X% biomass® & &3

Ethanol & %= (30%, 60%, 90%, 100%)¥ & 3}04 biomass F&o T3+ 2™ biomass 10 g& F&d
2 7}79] ethanol®] F& 80 mlZ dto 30 &b anbstAA F=3Ath Table 29t Figure 3°14 X
= vke} 2ol ethanol = W biomass<] —ir% B8 100% ethanoldl A 7H 2 5 888 W
At T3 30% ethanol® 60% ethanol® F% 3N S % 90% ethanol®} 100% ethanolZ FE3} <
u ®Bu} oF 28] o] A EFEe] 4 FEES Y 4 AU wEbA homoharringtonine & 2}
B 3 ES vws 2w 100% ethanol® F&3= Aol 7 &3p# o]k

Table 2. Effect of ethanol concentration on HHT vyield( 10 g biomass/80 ml ethanol, room

temperature, 30 minutes reaction)

Ethanol concentration Polar impurity* Homoharringtonine Nonpolar impurity Yield
30% ethanol ++++ + - +
60% ethanol ++++ ++ - +++
90% ethanol ++ ++ - +++
100% ethanol ++ +++ - ++++

*+: High extraction efficiency, -:low extraction efficiency

_48_



e E
BE N NN

(a) (b)

(c) (d)
Figure 3. The HPLC chromatogram of ethanol extraction.
(a) 30% ethanol, (b) 60% ethanol, (c) 90% ethanol, (d) 100% ethanol

Z}. Ethanol F4Fel & &7

Biomass®l ethanol®] H]&ol| W& F& &8 7ost7] 915t ethanol® FY &S biomass®| 64,
Sull, 10v 2 3to] F& AIAS St o] tske] biomass 5goll ethanolS 6u], 88, 10w = 7}
o] Ao A 30% FoF uwt & 43] FF 1t Figure 4014 X nvF2} ZFo] biomass : ethanol =
1:8 & 39S u 5 &80 7I4 =4 velstth W ethanol ¥ %S biomass?] 10012 313 <
b F&o] FAS] "WolAl= S B F e oldd ddE &Y o]l Wi ol biomassete] F
o] Zolx] FZF F&o] HolA e AR dAgdrt. oled AFole FE7] ol Waldt(baffle)S
AAste] ALt TA ] HEFEES FTIHAA Fv Aol FEO Egwol EH ZoR AIRHETE webA
biomass FZ°] €23 ethanol®] %< biomass? 8817} A %38} biomass : ethanol = 1 : 89 H| &=
FZS e Aol 714 &2 © Zhomoharringtonined 4<& 4 ATk
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70 - 2nd extraction
3rd extraction
4th extraction
60 -
éo/ 50 T
o
[@)
|_
T
I 30 4
20 ~
10 ~
0 T

Biomass : Ethanol

Figure 4. Effect of ethanol amount on homoharringtonine (HHT) yield.

v}, Biomass® F& 3Fd & &7
Biomass 70 g¥ ethanol 560 ml-& &3tsle] A& A] 304 &<k wHk Azl

<

T

3oty AnE = $H F=3 Y biomassE A F %6}% WO R 43 pHE
]_ =

=

b 355 5t FE35
g g3E HESAT ol urkrl= Hd £X7F 3000 rpm/mingl w¥H71E AREEES o o] Ao
Aol wk £ == 1500 rpm/mine 2w 3] WA A —ir%g}oiu}. o] A& 22¢l hiomassi 60T A 48
AZE AEZ=AZ 5 250 mmolste] AR EHT AE AREeH FE O Slgd wE FE OEE

(homoharringtonine®] =&)< Figure 59 YWEtWAT}E 13] FZF A homoharringtonine®] <&°] 79.4%
2 g5 homoharringtonineol s|eEen, 23] FEAAA 11.2%, 33 FFolA 94%=2 7}7F eyt
th. WA 3319 &= 99% o] 49 homoharringtonine®] 3|FES & 4 AU}

=
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Figure 5. Effect of extraction times on homoharringtonine(HHT) yield.

A}. BiomassZ% B ethanol & A] nu9tA 7t & &3
WA 7o WE biomassd FEF 82 Yol 7] ¢35} biomass 8 g ethanol 64 mlE £33t

+ 235l o AFE-E biomasse 60Tl A 4847+

N
N

27y 105, 204, 30, 408 FoF wuksle] FE3FY Y. 9]

AzAZ1 F 250 yme]ske] 37] L As ARESEAT A4 AES FEAS Y ot o
dS 1 ml AF 3] evaporator(25-277 Hg, 40C)%2 & v & AZFA7]32, 1 mle] methanole] &3]
A1 % syringe filtrationd}te] HPLCZ #4134t} Figure 7914 R vlel Zo] 108 F<oF vk AJF
< W homoharringtonine®] T&-& 41.4%, 20 &< wEE Al 99.7%, 30 &< wwE Al 96%, 40% &
oF Wyt Al 96.3%= YEMWTE wElA biomasse] FE Al wRE AIZRO] 20+E0]W 99%  ©]/Fe]

homoharringtonine?] T&& A& § AUTh o]y A3 += HF(biomassW homoharringtonine &%=

= =
-

% &) W homoharringtonine & %=7F 28 W& @ghHo] 20% o =ZdS o n|dch(Figure 6).
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Figure 6. Effect of extraction time on homoharringtonine(HHT) yield.

. A/A FZ(liquid/liquid extraction) ¥FA < A 3}

7}. Ethanol & Wid @& g4/ & F& v

Ethanol& ©]&3}9] biomass®*E homoharringtonine® F%3 & FH AL EX3H A HAEEE
o] 49s #F A FEES & 7 AU oY3 S ETES aRH o= AASY] f8] H/A
FETHE =YsA Y. EthanolZ biomassE FE3 g FEAS 5319 w59ES A3, 5599
A el chloroformE FH7tste] H/H FE5S F3stth Ethanol % biomass 5% &E&olA =
100% ethanolS A}4% 49 homoharringtonine &3 &8 % 58 1dd B u =& 589

Nl

7V =kt 28y 90% ethanol® 100% ethanol S+ 7HA 5x=¢ Z7 oA biomassES F=3F \:}% o/
o 2= AHS I AI Figure 7% 7o) 90% ethanol® 3% d9< o X} 100% ethanol® =
S g homoharrmgtonme-% Fgo] o 28 AX YA YeEbth 90% ethanol® 100% ethanol®] 3
=ds w53 F w59 pHE AT 243 747 pH 509 pH 41= YEuth b sdx 6
A 90% ethanol® F&& 29 H/H FZFo|4 homoharringtonine®] F&°] © A Yehd olf&
Aol pHe| FFoz AdHn = A/ FF A FHA9 pHol uwhet
i 7] 4= (partition coefficient)2] =}o]oll 7|Ast= Ao R AlRHT 59

2 JN'

o/l =% A ethanol =
5k &

homoharringtonine®] tH

_52_



pH7F 5.0

homoharringtonine®] © o] Hujy

o] w& homoharringtonine® <& °|

HHT yield(%)

7

o

S pHZF 41¥ Aol w3 A E(Figure 8)A st A9l

90

pH 5.0

®
80
70
60
pH 4.1

50 o
40 ; i

90% 100%

Ethanol concentration

Figure 7. Effect of ethanol concentration in biomass extraction on

liquid/liquid extraction efficiency.
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Figure 8. Phase separation by separatory funnel in liquid/liquid extraction step.

. 4/ FE4M9 pH &

Biomass®] F& QA Ao FEAE 53 & FF99 pHE WA A A/ FEF& Y3}
Atk WA FF5d9 pHE 2% HCIZ 5% NaOHE o] &3dto] pHE WA A sFHAES w51 539
chloroforme  7}3}¢ (5% 9l /chloroform=1/1, v/v) 30 &9 AolA wwkAzl $ 727
(separatory funnel)el w®F 8-S @il 3023F WA AlA 4 28E AFHT A5 AS & F(aqueous

layer)22 4 EEEo] &dHo i, e N2 chloroform  F(chloroform layer) &=
homoharringtonine®] &% o] 2t} 5 A<l chloroform &% 3 438la A 2§ chloroformS 718t 4
3] WbE 2Z&9 T Figure 9914 HE Hlel Zo] pH7F 509 we] homoharringtonined] 4&& pH
2549 w ®Hy} oF 209, pH7F 6.1¢ w 2o} ¢ 2w, pHYF 769 wl Bu: oF 5u) pH 95Y djo] H]s}o
of 6u =A yEutth olefd Aar B uw, /o FZEFFA A homoharringtonine®] &2 pHel =

e e 4 AT E3H Figure 10014 B vpel o] of/df &5 4§ TFRFoR
o] homoharringtonine®| 3] Ath wehr] /0 == FAHL pH 509 = chloroform
3] FE3to 24 tE-E 9 homoharringtonoines 3|5 & 4= Q). o] Eﬁ‘l ’2}" A

° i

pH7} homoharringtonine®] &3 %= =to], & EHjAlG o st &

X
of,

x
i)
of¢ o Hr oo
L Q2 A ode
& lo,

£ 2
M
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Figure 9. Effect of pH on homoharringtonine(HHT) yield in liquid/liquid extraction.
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Figure 10. Effect of liquid/liquid extraction times on homoharringtonine(HHT) yield.
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MEIGA 2-2. A715HEZ 28 € AA A ML
2. A € 99
7}. Biomass ¥ #24{ 44

1) &L 9% & A= (Biomass)
BoATto] AbE3E Al A8 R} U F(Cephalotaxus koreana)= 2002 o] o] Alo A %] &}
=olo A ¥ V15 XSS IAVHAE AF AT AEA AT 60T A 4847

m
& AZAZ F FANIL 025 mm sieved] EHAA Bom wEo] e gt

2) Homoharringtonine (HHT)<] &4

HPLC (High Performance Liquid Chromatography) #412 C18 column (Shiseido, 4.6 x 250 mm, 5
S ARgEte] sl dt). o] B4 e 2= methanol® 0.1 M ammonium formate &S AF&3&ich &
uj o] gradient 271 1.0 ml/min 422 methanol : 0.1 M ammonium formate’} 25 : 7591 4] A]Z}s}
o] 30 § 45 : 55 o] HEEF Sk 7} gES 290 nmol Al UVel oa HEsdon F¢
o)t Homoharrmgtomne«] Aege FFAE(Sigma AE, 5 986 %) ¥z HAoRE HF: A
s Ade & AAbskAh

HPLC &A1& fgt AE2 F29S 749t o8t o9 1 ml A3 3ke] evaporator® &3 F5A17
T AF Ax7IAA 12417 FeF Az AaES 1 mle methanolo] £3A1Z1 = syringe
filtration(Whatman, 25 mm, 0.45 um, 50 units)dto] HPLCZ 28} 91},

U4 AAE 2 A ¥

1) & A A2 (adsorbent treatment) &3

#7188l E o] &3 biomass FE3 N/ FF F AALES o] &t FHA AYE FHGAY. F
AA Hele T2 AEFY B2 e g2 A (tar or waxy compound)S A ASEH 1L H A o] 9l
ot F3A AE FAC AHEE FHAE WEP-1 P-1G), F4%(CA-1, SX-PLUS), 183l charcoal
£ Abgstel 52 A" ZdE AT Z}Z}J iﬂxﬂfﬂ A z3| A= MEP-1, P-1G)9 45

Mizukalife Chemical Co. A3 (Japan), &A ¥ (CA-1)9 7% NORIT A#(Netherlands)S A}-&3F3°
W, P-1& " ¥ 3k (granule) g 3] P-1Goltt. P- 1—°* 4 71”01 FAol 9a, P-1GE A dH7t &
th B3], WEe FARLS Si0,(60.63%)F MgO(27.229%)01™ surface area 675 m?/g, porosity 0.89
cc/g, size 5.6 um, average pore diameter 45A T2 54 7HAW 7FA2 $10 /kg =2 wl§ A A3}
=3

2) 2 29vlE 13 9 (chromatography) &4
Silica & 2HAl(Merck, 40-63 m)E methanololl £3fA1Z1 & column(Pyrex, 25x140 mm, 40 mlDo] %
A A AT Columnd 21& 1A A7]7] 98 methanold] TTZEE Y1 Wk & silica 247 53

H columne] EHFA. o]Z A dle] =24 silica columns WstaA} g+ o= THEIL elution £
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B2 methylene chloride/methanol = 80/209] &&&dE AFE3}] columnol ¥ HA3 Azt A=
2 FEIAS AA AA"Y A FHAA AYE ¢ Fo] AS AHESte] ARvEIHY FAHS 73
st oju AlgE o)X pumpe EYELA RP-1000 A% pumpE AF&39 2™ 0.07 rpm/ming] $E=2

sttt

t}. Homoharringtonine®] &4 ¢}

1) Homoharringtonined 4% &<
LC/MSD(HEWLETT PACKARD) #41-& C18 column (4.6 x 150 mm, 5 m)& AM&3t¢ $=33}%]
t}. o] 542 2+ methanol® 0.1 M ammoniumformate £ & A}-&3FAth £ w9 gradient 212 1.0
ml/min %22 methanol : 0.1 M ammonium formate”} 25 : 75 oA A]Z}3le] 30 $ 45 @ 55¢] &
2 g9tk 24 3FEL 290 nmellA UVel 98 A&dden xS 10 wo]tl. Low-pressure
chromatography &4 & 3 AAd HHT(H0%)S A4 ele] o] g3t

2) NMRS %3 homoharringtonine®] F+% &<l
NMR(Varian Mercury 400 MHz Nuclear Magnetic Resonance Spectroscopy)ol €3 HHT®] #4

2 proton NMR #X4HH o g S35t NMR 4o Alg&% 8wl TMS(tetramethyl silane)S Af
£3Act. +2 E48 middle-pressure chromatographyoll Al AAH =% 80%, 3mge HHTE o]&3}
At

3. 43 € uz

7 oERA A 849 AF3%

D) &34 5 BE 9
A/e % L BEoA Qe AnBolt HBFU B2 L %x Y] Bedel OF xdH 9
B oolE BEES tg @A e el Be oY viA HHT AA B& ojelgel men. o
Fe FHAZ AEstel old e B2 Y¥, %2 B L AW crude extracte] A& AANY 8l F
z 9

Aag vluste] A3E Table 30 YER AT
o] &yt T=7F 7Y =A YJErET eAIRE crude extract—% ’5‘14—% Xﬂﬂ OPC FEoA= &g
(activated carbon)¥} charcoale] WERT £ 332 HYch weA 2 A A FFAZA 9
E3] P-1& AFE38= Aol 71 aado|dnt. dnkd oz A EFS crude extractoll A 9] M3} E4-ES
AAs = A F= o] &He FAAT AAE FHl 3UA paclitaxel®] 52 A2 Al &g 1]
o WMEZS AR AS w9 palclitaxeld F&co] € o2 By ¥ v Qv MEE 7HE =
Hol = v AH($10/kg)st] A=/ B2 %= < W Ay 2 AAs = A &
Ao ALY 7 s AR dAdHr

HE =
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Table 3. Comparison of active clays and charcoals in the adsorbent treatment step

Color” Purity (%) Yield (%)
Starting 10 8.0 -
P-1 4 10.0 90
P-1G 4 9.5 75
CA-1 2 8.9 20
SX-PLUS 2 8.5 30
Charcoal 2 8.4 45

“Color ; deep(10) ~ light(1)

B
oo -
f
2
A
ool
By
2
off
=
=
il
ol
b
_>&
Ak
fol
A
i
1)
12
ol
ol
N
do
ol
£
2,
BN

offt 1

I 1 g& methanol(20 ml)el o] WMEES Hrlsto] A2oA 308
™ chloroform/ethanol = 1/291 &89 200 mlZ A% 3}t ojul MES] U*s

191(50%), 1.591(75%), 291(100%)= st FZAl A2l & skqlvh. Figure 11 oA H= upel o] ¥iE 9
Fol 50%(wt%) o wf HHTO &o] 7 =skom, MES] o] F7lE45 H T

Aadte A4S 1A WEe o] /N FF HaE 9 281(100%)7F FRS wW HHTe] A< 3]
Al eFskrh ol WES o] 50%(wt%) ool M= FEE&ol oy gFgo] &
&2 Aa Yol Zeow dudrh AAE fel FUA paclitaxele] &%

5

A 2]
o] 40-50%(wt2%)°ll 4 paclitaxel®] <=&°] 7b =A depskvh webd 52 A2 ~

| EHA] o 5
Eeol e o/ 3% Ao A% BRoR sofof Aue F A EHE AL & AU F7
qel AL Fotel A% Feld B2 ARy 42 JRES AA St aRE 9 5 AU £9
A A wAs Mustge W g4el sobdl 2L sHalshgith
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Crude HHT : Active clay(Active clay amount)

Figure 11. Effect of active clay amount on homoharringtonine(HHT) yield.

3) FFA A Al AF &vf AA

/ol =& FAHANAH A& /A ANE 1 g& methanol 20 mlo] Folxx WE 1 g& #H7Iste] 30
oA Rk AL $ 7RQF o3} sbw 200 mle] EulE MHE ST AFH Al WMEZF A
A& of 200 mle] AlE &ulE oF 50 ml¥ Ao R ofe] W uro] AlFH St o|gA o
HE B2 A& FHH3 HHTx WEo F25HA Fi AA35 B5F wx Jors o 4 gl
At A g (A H NS 20 mE FFHIL TN 1 mlE AFSA evaporator® & F
AZA 7122, 1 ml®] methanold] &3|AlZ1 & syringe filtrationsle] HPLCZ EA3sl ). 24 9]
L& {\j?ﬁ%}ﬂ 13+l Table 40 Yeld SwlES Aol A&ttt Table 404 R nhe}
ethanol?tS AF&3lo] A& 3RS H 99 chloroform¥ ethanolS 1 : 29 H| &2 o] AH3AS
Aol HHTY &€& 4< & JdAth 28 ethanoltte AL-E3 S 49 chloroform¥} ethanol
D28 EFEAoR AHEAS W By 54 SwEo]l Bol &aHA vt webA F2 A
9 1

=

j—m

}_‘-{Oﬁ_u_{q“_ﬂ

z gv]= chloroform®} ethanol

)
J

229 ERtgdo g MFHsE Aol HHTY &34 E4-E &
SHAA 71 2RAAdS & F AT F2FAA A T dAAM 2T 2w S A AN
5 Holw st 7}%*301 Aol A=

| = =)

H
Al A Fa ool & & 5 AT F2FA A & HHTS &
2l & 4 A A H(Figure 12).

oF =& 7tz 10%, 90%7F BS

d T odo o > 10 o my X He 3@k
_1

q

=]

A4 A BHL 42 YR AA Yo Fe A
1

s

[
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Table 4. Effect of washing solvent on active clay treatment(l g liquid/liquid solid, 1 g active

clay/20 ml methanol, room temperature, 30 minutes reaction)

Solvent Polar impurity* Homoharringtonine Nonpolar impurity Yield
Ethanol

+4+++ +4+++ - +4+++
Methylene chloride _ _ _ _
Chloroform _ _ _ _
Methylene
chloride/Ethanol(2/1) ++ ++ - ++
Chloroform/Ethanol(1/2)

+++ +4+++ - +4+++

Chloroformy/Ethanol(1/1) ++ +++ - +++

*+: High extraction efficiency, -:low extraction efficiency
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Figure 12. Chromatogram of the purification steps analyzed using RP-HPLC: biomass extraction with
methanol (A), liquid-liquid extraction with chloroform (B), adsorbent treatment with active clay (P-1)
(C), and low-pressure chromatography with silica gel (D). The arrow indicates the position of HHT.

U, 3Z2uEad 9 ¥4 & T3 Homoharringtonine & A
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1) Low-Pressure chromatography &3

HHTS] AA dox A &dA FAHAEWSR 145 HHTS 9L 5 gty 227 i A
TAo| A chromatography &3¢l E=UHJTY. &= HHTE 97 $93 HPLC 343 A dA=
low—Pressure chromatography’} 435 it}. o bk gujef 2o 2 AT ¢ e

of
o,
rlo

ol Qi FL resolutions R RIth= Aol @30 FA |t} Elution & 92 methylene chloride :
methanol = 80 : 20 o] T3NS AFE3FL column (50x400mm) W Silica gel (MERCK, 40760um)<S %
218k elution & YS isocratic U2 AT o] FAHALS T3 TX 10%E 52% oldoz F7}
AL &L B%E B A (Figure 13).

2) Middle-pressure chromatography &3

Low-pressure chromatography &7dolA Aoz £= 52%9 HHTE 22 AHAASH7] YA
middle-pressure chromatography &7d¢] = FojoF 3}t o] FAHAA column(10x900mmx2)°l silica
gelS 73] elution & NS methylene chloride: methanol = 93: 7 & 3} isocratic AL E &}
Atk o] FAHNA 80% TE=9 66% &l HHTE 4S F AdAth ol e AATAHS AHstd
Tableb, Figure 139 YERH ST},

Table 5. Summary of the pre-purification of homoharringtonine from biomass (16 g)

HHT (g) Purity (%)  Stepyield (%)  Yield (%)

Biomass 0.055 - 100.0 100.0
Biomass extraction 0.055 0.5 99.0 99.0
Liquid-liquid extraction 0.049 8.0 90.0 89.1
Adsorbent treatment 0.044 10.0 90.0 80.2
Low-pressure chromatography 0.038 52.0 85.0 68.2
Middle-pressure chromatography 0.025 80.0 80.0 65.0
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Biomass (16g)

Biomass extraction with methanol (128ml x 3)

Concentration (76.8ml)

Liquid-liquid extraction with chloroform (19.2mlx4) — Aqueous phase (discard)

Dryness (0.613g)

Adsorbent treatment (active clay, 0.306g) treatment with methanol (12.3ml)

Filtration/Washing with chloroform/ethanol (1/2,v/v) Active clay (discard)

Dryness (0.441g)

Low-pressure chromatography with silica gel (>52% purity)

Middle-pressure chromatography with silica gel (>80% purity)

Figure 13. Schematic of recovery/pre—-purification process.

t}. Homoharringtonined %4 <}
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1) &% &<
Low-pressure chromatography &4 %3 A
-Mass Specific DetectorE &3 A% g2l 4 4
s T UM

Ry =
Fr=ge

o (Figure 14), o]=

HHT : MS spectrum
®i 546.2
Figure 14. The molecular weight spectra of homoharringtonine.

3 A3= Figure 15 ¢ Figure
(Figure 15)¢F AA A &

2) NMR€& E3 HHTY +% &9l
2o

Proton NMRS o] &35lo] EFA 859 AAA B sl +x2 &
peak’} Hol7]& 3ty XFARE

169 YeElA At A A A & (Figure 16)0] E4E&
Q3 A

9] F8 peak? patterno] & xgte 3ol Gt
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Figure 15 Proton NMR spectra of HHT (Standard) Figure 16 Proton NMR spectra of purified HHT

AFEFA 2-3. T 7154 A 2 AFS A7
2. 4w 2 Wy
7}. Biomass ¥ #4 W

1) &< 9% A& A= (Biomass)
2 oA AFEEE Skt AW A U (Cephalotaxus koreana)= 20023 =] of 2] Abol A 2] A &}
3 m EoloA ¥ 75 XS IAE AFSFATE A=A A= 60CAA 48417

1
oF AZAIZ Z EH3ta 0.25 mm sieved] BHAIA BIE wrEo] Ao Al

2) Homoharringtonine (HHT)¢] 4]
HPLC (High Performance Liquid Chromatography) 42 C18 column (Shiseido, 4.6 x 250 mm, 5
S AFgEte] sttt o] A4S 2 methanol® 0.1 M ammonium formate & 9%<& A&ttt &
9] gradient 712 1.0 ml/min %22 methanol : 0.1 M ammonium formate”} 25 : 7594 A|#}s}
o 30 ¥ 45 : 55 o] HEE Ak ZF FFE2 290 nmolA UVel 9&] HEFNer FdFS 2
w0°] . Homoharringtonine®] A %8 ZFAE(Sigma A&, <% : 986 %) 2 WHoR T+ A

(e}
e A F AN

O
(-]

B 0

off
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filtration(Whatman, 25 mm, 0.45 um, 50 units)s}¢] HPLCZ 235}

U4 AAE 2 AA T

ﬂ = F =g o&ste FAA AYE FAsA
ZA A= FE AEFY B2 = A AP (tar or waxy compound)S A A= 1 EAo]
o F2A Ay FAgo AgE FFA= WEMP-1, P-1G), 4 =(CA-1, SX-PLUS), 183l charcoal
& Abgete FF AY &adE ARSI 7—}7—}—4 FAA Y Az A= WEP-1, P-1GY AS
Mizukalife Chemical Co. A3 (Japan), A ® (CA-1)9] 7% NORIT A% (Netherlands)S AF&3F1 2
o, P-1S5 v Y3} (granule)3t Z o] P-1Go]t}. P*l% A4 Aol i, P-1GE 4A FEH7F &
t} B3], WMEo FAEL Si0,(60.63%)F MgO(27.22%)0] v surface area 675 m?>/g, porosity 0.89
cc/g, size 5.6 um, average pore diameter 45A 59 54 7HAH 7FAL2 $10 /kg A=Z wl-$- A HE}
=3

¥Q, ok

2) 2 ZvlE 38 9 (chromatography) &3
Low-pressure chromatography: Silica & 24 (40-63 pm, Merck, Germany)E methanolo] £3jA %1
T column (50x400 mm, 40 ml, Pyrex)ol &2 AJZAt}h Column® 3L 1AHA7]7] Y8l methanoldl
TFZEES Y91 it 5 silica $2A17F 2 %E columnell E#FQth olE A 3] X H silica column
S Yl st FolE WHEIL elution £ 22 methylene chloride/methanol = 70/30(v/v)e] &3¢ &
MG AbE3e] columno]l Wi ¢RI} AFHTE F45L 35 ml/minelAiL, ABFYHFS 50 mgoi
isocratic A2 XA}t Low-pressure chromatography &Aoo AFEE AlgE /A
S AA A AY 34 FHA AYE o Fo] AS AHESte] AR EIDYY IAHAS F 33}9114.
=

Middle-pressure chromatography: Low-pressure chromatography &4 ZHE 4L £& 52%9]
homoharringtonineS U %2 L@ AAste] HZFE A T AFE3H7] Y3te] middle-pressure
chromatography 34< =38ttt o] &AdA column (10 mmx900 mmx2, SUS)9| silica gelS =

A3t elution 89 22 methylene chloride : methanol = 93:7(v/v)® 3}¢] isocratic A2 A3}
o %S 3 m/minZ dta 3 290 nmE HESFAT AR FYFS 2 g8 10mlo] &&AA
columndl FHstAth HE715 4 3 e AEE 108 (HAo=2 AH AT

High-pressure chromatography: Middle-pressure chromatography &A4-& E3jA Aoz A& (&%
80%)E high-pressure chromatography 374& °¢]&3ste] HF AA(TE>98%) 3Frh CI8 column
(4.6 x 250 mm, 5 gm, Shiseido, Japan)S AF&3F 2™ elution &7 22 methanol/0.1 mol ammonium
formateS 25/75(v/v)oll A 75/25(v/v)E A AEHEZ gradientE 7o Fdstgct. o] FAHANAY FH5&
1.0 m/mine 2 331 37 290 nmol A AEsP o, AR FULES 10 mg &2 3o 335

t}. Homoharringtonine® &4 u}o}
1) Homoharringtonine® &x% 39l
LC/MSDHEWLETT PACKARD) #41& C18 column (4.6 x 150 mm, 5 )< AF&3ste] =33k4

t}. o] F 4o 2= methanol® 0.1 M ammoniumformate &S AF-&3Fth &wlo] gradient =42 1.0

ml/min +% 2 2 methanol : 0.1 M ammonium formate”} 25 : 75 oA A Zste] 308 F 45 : 550] H
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=2 3k 2 IFELS 290 nmolA UVel 938 A&Fdon 2L 10 wolvl. Low-pressure
chromatography &4 & Z3 AAl¥Y HHT(>H50%)S &A% kel o] 8319
2) NMR& %3 homoharringtonined] +% &<l

NMR(Varian Mercury 400 MHz Nuclear Magnetic Resonance Spectroscopy)ol €3 HHT9 #4

<2 proton NMR #AWH oz #3319t NMR #24] Al&Hd &1 TMS(tetramethyl silane)S A}
£33t % 2248 middle-pressure chromatographyol A AAE <% 80%, 3mge HHTZE o] &3}
Ak

Z}. Homoharringtonined &4 A+

1 AR &Y
Homoharringtonine®] &4 A3E 98] vl =A% A 24E 28dd 371 F7F9 A5=
ZH  F9tHA, B, and C). ZZY A= A(methanol/H-0=98/2, v/v), B(methylene

chloride/methanol=98/2, v/v), C(methylene chloride/methanol=98/2, v/v)elH A& A, Bx Z+zte] &wj
ZAo R do Adur AFAZX7|(evaporation)® AXAZAT, Al CE Bel 2& gv) 270072 3o
spray driers 3] AZAHAY. A5 A, B, CE 9]£359] homoharringtonine®] morphology, &9l ti 3%k
L=, FF FE 2 Sn, B3| wE FSEWESE 47 #9135ttt Homoharringtonined] 543
Ao AF8® Al Z = Taihua Natural Plant Pharmaceutical Co.(Guilin, China) 255 +3 &% 99%
o AES AE3AT Spray drier(SD-1000, EYELA, Japan)E ©]&3F A& Co 7 Z%%E methylene
chloride/methanol(98/2, v/v) 50 mlol] homoharringtonineE ¢ 3 g &3fAl#, 70CelA blowerZ 0.3
m/min® & A8t BZE 28] 3 ml/min® £% =2 spray drier W2 538t} spray drier®] ¢+

o} &9 225 7tz 70T, 55 C = FA 8t

2) SEM(Scanning electron microscopy) @ XRD(X-ray powder diffraction) £4]
A® A, B C ZAA9 AdAFWE Field emission scanning electron microscopy (JSM-6335F,
Jeol, Japan)S Al-&3to] 215t th. Accelerating voltagesE 5 kVE A8t 24 A g9 &S 44

st fdAEHE #Aoith 4 AlRe] 2 oF dmgel HEH EASATh EF Xray powder

diffraction (DMAX2000, Rigaku, Japan)< ©]83}o] A& A, B, C2 morphologyE &<lstsioer &3
Z71L 2° 28/minY!  CuK oE AR&3le] 8d7bS 202 5 °olA] 40°7F H == 35Tk 2 AR
&2 oF 50 mge] HEHE dto] EAEA
3) IF TS

Karl fischer moisture titrator (MKC-510N, Japan)& °¢]&3lo] A& W9 8 dHFS SH3Y

CFESY AL 8 AgHE &) U REFES AANA 95
ol ¢ASAL. A7 T F4L A FHFE 2mF FYste] ¥

o] KF-reagent®} end pointE
X(—)] %
o] 9k& oF 20 mgo| AT}

AT, Z4o] AFgE A

4) 7 &9 534
Gas chromatography system (GC2014ATFSP, Shimadzu, Japan)¥® column (0.32mm ID x 30m,
0.25 pm film thickness, Hewlett-Packard, USA)E o] &3}o] A& W FF &vo IS B4
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°] 2 min &<t 40TCeA 100T(10/min)= A8z, 15 min &<+ 300C

iu
M
1%
ey
o
rlo
fo
oy
(&
fru
[
=S
ol

+ FID Detectorg °]-&3sto] HAEstAth SA4 A& &vl2 Dimethyl
SulfoxideZ AF&3t9 2, F&ufe] A &S methanol® methylene chlororide® 3|3 WX o2 HF A

=
aTr
NS e & AAEAT Ovend %5 270CE FA812 4L 3 ml/min (helium) 2. & &

T E AR Eo] 3k &3 F42 Cl18 columns ©]&3te] HPLC(Waters)E &3 43313
t}, o] S % methanol ¥ 0.1 mol ammonium formateE AFE3 o™ 30 min &<t 25/75(v/v)ol A
45/55(v/v)Z Y H EE gradients o EASIATH §alE A AP ol&H Al=mE °F 1 mgelH
FEE 1 mg/ml(1,000 ppm)& 3t 05 hr, 2hr, 8hr, 24hr ¢] A|13+3 5C, 25C, 45C ¢ 2% x4 &

5
gl A3ttt &3l S homoharringtonied & A #HAS E3] geste] AAarslsdct.

. 2e 2 A FE AL

1) Biomass 5% % 94/9 F&

o8] 7}A F7]8 9 (methanol, ethanol, diethylether, propyl alcohol, acetone, chloroform,
chloroform/ethanol,  methylene  chloride, —methylene chloride/ethanol)E  ©] €3}  biomass®FE
homoharringtonine®] F% 43S ZAFS A3 methanol®] ZA$ 7F4 AL doz 71E &
homoharringtonine 3] 4&< ¥ ©] biomassZ*%-E homoharringtonine®] FZ° 7} &34UdS &
2%lth Biomass F&d A= o8] 7HA =gWHo] 7Fsst =LA batch®t counter-current & EHj &
Fol  #glel Jhsslith olE WHel wmE 3FE&e A Aot gles & £ dow, t
counter—current FEHE AFEE A9 718 AR HS =9 F Aok 2 counter-current FEf O
A9 2ol B3 wjio] thFEE batch el =S €5t Qth Batch dE] £ 22 methanol
o] &3l biomass =4 biomass¢t 7]-&7 W homoharringtonine &% Atole] HEHLS FEAI7F 20
min AEold =gl HEy FEAZR] mRE 229 S 5TH0TAME A9 ¢tk Batch
e 2ol A FE3159 biomassZHE homoharringtonine % A X+ Figurel7olA ®HE npg}l o]
% 33]9 #Z%= biomass W homoharringtonined & 34(99%) 7Fs3lgoen X% 0
%tk Methanol F% ¥ FEHY %S rotary evaporatordl A Faslgon H=x7AL 635
mmHg, 40Cel A =33} AT,

Methanole ©]€3 biomass F& F FEdq0 EAst= vdHFe FAETES d/d9 FF
(liquid-liquid extraction)®l] 28] AAsAT. o8 7}# f7]40] (methylene chloride, chloroform,
diethylether, hexane/methylene chloride)E ©]-&3le] /M =& S FAMSH A3} chloroforme] 745

fo 1o 2 & oy v
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Ao o/ FZo] 7HF aHRHAL & F AU F
F58tal s chloroformE  # 7}l (methanol F%
/chloroform=5/1, v/v) /A FZ&S& AA3H methanol TN EAetE theke] FAESLE (polar
impurity) S E&422 AAL 4 AJ. d/N FEFL batch FE 2L E 43]d AH AAEH]
B2 9] homoharringtonine 3]43(799%)7} 7F53stg9 2 (Figure. 18) 9/ & & £5E 8% AE &
Aot A/ S Edo] FAELEEo] A AW chloroform §9HS rotary evaporator (450 mmHg, 3
0C)elA s=dtar dxste] A A &8 o] &gt

7} =& homoharringtonine % % I5F&S
=

methanol F&4S N 20% A=

100
O each value

80 B accumulated value
*
= 60 [
[}
=
— 40
T
T

20 |

0

1 2 3

Extraction number

Figure 17. Effect of extraction number on homoharringtonine recovery from biomass.
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4 t

HHT vield(%)

1 2 3 4
LiguidHiquid extraction number

Figure 18. Effect of liquid-liquid extraction number on homoharringtonine recovery from the
methanol extract.
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SHME vig- AHG10/kg)ste] AE i B2 L= g LS uiF A 2
[®) 2}

2 ARSE s AR dvdd. 53 A2 $A4E FelA /e FE ¥
e Fol dojxl AR ke 8%A 10%= BE S7hE Holdl kAW, Awfe BEY &
s adHoR AAsta Ao H4s W5l chromatography &4 &gl 433 sadt
A= = & AU

Table 6. Comparison of active clay, activated carbon, and charcoal in the adsorbent treatment step

Color” Purity (%) Yield (%)
Starting 10 8.0 -
P-1 4 10.0 90
P-1G 4 9.5 75
CA-1 2 8.9 20
SX-PLUS 2 8.5 30
Charcoal 2 8.4 45

“Color ; deep(10) ~ light(1)

100

HHT yield(%)

1/0.5 1/1.0 1/1.5 1/2.0
Crude extract/Active clay(w/w)

Figure 19. Effect of active clay amount on homoharringtonine(HHT) yield.
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3) Chromatography &3
Homoharringtonine2] Aol JolA A @A FAHETRSZ £ %2 homoharringtonine<
4 %19 chromatography &3S =33t 2459 homoharringtonineZ 97| 93 HPLC
1 GAIZ  silica gel low-pressure chromatography”’F =35 lth o] &4 7hest Aujep z=
+AT F Ak FHo] A FL resolutions HRITh=E HolA EHA<A FAolth Elution &
methylene chloride : methanol = 80 : 20 (v/v)] &8 S Al83}199S 7-$ homoharringtonine2]
& SHAA M EdTh T3 elution &99S isocratic ZHOE —%7@ sttt o] FAE
homoharringtonine =% 10%= 52% o|Ao 2 Z7IA1Z7 o =& 864 St
Low-pressure chromatography 3 7dolA dojd +% 52%9] homoharrmgtomner‘:‘ T L2
AAs7] YA silica gel middle-pressure chromatography A4S ZY3stth Elution &89S
methylene chloride: methanol = 93:7(v/v) & 3} isocratic A2 LAAT. A&7 =3 3 Y
|

["W 01:1
Foro KU o a2

ot H{x 1& [o ol

!
of

2= ANEE 10 min 422 AF 3 2 homoharringtonine: 125 min A3 2 o] &% Ak
TANA 80% %9 79% +&9 homoharringtonine® 9& 4 AAtt E3F] low-, middle-pressure
chromatography 3 Aol A elution A2 & gradient =740l H|3dte] 71 4 A7ty Ee &0 A& =

Bt A 2 de) T, Sulslare] HHA 58 188k isocratic 2 ZH g 51 91 o

Middle-pressure  chromatography &4d<S &34  dofxd A= (80%)E  high-pressure
chromatography & Aol AF&3F9th HPLC &3S 98% ©]A¢] homoharrintonie & Q1% 3= B3 o
2 AFY HAF: AA dA AHE3A T Methanol/0.lmol ammonium formate = 25/75(v/v)ol A
75/25(v/v)2 NP EZ gradientES Fo] FHEAT. FAHAA Ao AR T A(salh)S AASH]
213l methylen chloridedl &3A1A A& AA}AY. ¥4 §3] AW Al HPLC ¥4HS AA
98%2] homoharrintonines 4< 4 ¢ Atl. Homoharrintonine &8 2 AA A3 2o 2 Ax dAE
aznEad 9@ 34 dAES ZFsto] Table 7, Figure 20, Figure 219 22 e o).

Table 7. Summary of the separation/purification of homoharringtonine from biomass(16 g)

HHT Purity Step yield Overall yield
(2 (%) (%) (%)
Biomass 0.055 - 100.0 100.0

_73_



Biomass extraction

Liquid-liquid extraction
Adsorbent treatment
Low-pressure chromatography
Middle-pressure chromatography

High-pressure chromatography

0.055

0.055

0.049

0.042

0.033

0.029

0.5

8.0

10.0

52.0

80.0

98.0

99.0

99.0

90.0

86.4

79.0

86.7

99.0

98.0

88.2

76.2

60.2

52.2
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Figure 20. Chromatogram of the separation/purification steps analyzed using RP-HPLC: biomass
extraction with methanol (A), liquid-liquid extraction with chloroform (B), adsorbent treatment with
active clay (P-1) (C), low-pressure chromatography with silica gel (D), middle-pressure
chromatography with silica gel (E), and high-pressure chromatography with ODS (F). The arrow

indicates the position of homoharringtonine.

Biomass(16g)

Bi(jmass extraction with methanol (128 ml x 3)

Co}centration (76.8 ml)

Liquidliquid extraction with chloroform (19.2 ml x 4)

Dr;ness(0.613g) Aaueous ;hase (discard)
v

Adsorbent treatment (active clay, 0.306 g) treatment with methanol (12.3 ml)
v

Filtration/washing with chloroform/ethanol (1/2,v/v) || Active clay (discard)
v

DOryness(0.613g)
Silit:a gel low—pressure chromatography (purity>52%)
Silit:a gel middle—pressure chromatography (purity>80%)
Hig:h—pressure chromatography (purity>98%)

Figure 21. Schematic Flow Diagram of separation/purification process.
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Y. Homoharringtonined] A3 -Ex3 =L F+Z &<
o =&l A] Ao]Zx homoharringtonine (>50%)¢] #A}#<S &

o 242 ufF3 Adel BExEs gestowx gl 2 AA #HAHo|A homoharringtonine &
= =d0o] 4A  homoharringtonine¥ &Y EAA7Fl digte] 1S fd FYsATE EAHF
Liquid chromatograph-Mass SpectrometerS %3] o]Fo] Htlh 2o AL&H A|EUYS 5 mg

| Al & E methanole] &3]A]7] 1 homoharringtonine ¥4 ZA2 2 319 column (4.6 x 150 mm,
Shiseido)ell F3ste] ExF=e #2131 th. Homoharringtonine® ¥A}#& 5456 g/g-mole] il l‘?—@. S
3 Aol AR(E  Figure 2201 YERAATE AAl®E Alme] EARS 5462 g/g-m

Low-pressure chromatography

]_

ol

1l

rlo i xR

fr 2
¥Q & v

o
K

HU

homoharringtonine®] ##}F3 LS AT 5 ATt EAFHe] HHS Aol= AEE v‘% 5‘}%
I} A o] nagative = positive WHo| what FES w=d] 24 o] 8% nagative WH protone] &

J&,OL' o

|

F2b o] Fof| whel FExpEFe] zbolvh vi= Ao w FlE gl

'"H- NMR< o] &3] A% homoharringtonine®] T%E
Aol Ba[l4]¥ Ao wjaste] U B4 oARE ek A0 o8-8 AlFE+= high-pressure
chromatography & 7dolA A" Al5(98%)E o]&stAor, 3o HiE NMR &4 Z3}e} AA|
Al&29 NMR +4 Z3& Figure 239 YRSt 4 23 F dHolHe 5% peaksS 7FAL A&
o] golx ¢l o]& F3] AAH homoharringtoninet= ¥ o X ¥ homoharringtonine$} 543 =2

PN
AS &0 & = QAT

Ol
e

=5 498 S5tk NMR 24 Ao}
ol

HHT MS spectrum [M+H]

546.2
i

Homoharringtonine

Molecular weight: 545.6g/g-mol

Figure 22. The molecular weight of homoharringtonine.
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CDCls

e R W PH N [rovirreea [reeseren e T
10 ] 8 T & 5 4 3 2 1 1]

Figure 23. 'H- NMR spectra of a purified homoharringtonine from Cephalotaxus koreana.

t}. Homoharringtonined 54 <}

1). €A g 9] 23 homoharringtonine®] morphology &

A5 9 2k3E(APIs; active pharmaceutical ingredients)®] 7% AA|¥ FHEAE 9 specifications wj
T sastt HF AFY =T ofygt HFAFE S morphology, HE AlFmol EIH Y= IFHE
L = %, endotoxin FF & o2l JHAVE HEHooF I 53] HF AlEe
morphology: ¢ k& 9] A& (formulation)o] "¢ £ L3 A A¢FS m =4, duzroz g o=
749 solubility®} bioavailability &9l A crystalline & Bl 2.t} amorphous FE] Y A o] B} 83}
o} w4 FF solid-state homoharringtonine®] morphologyS @A =4 & & U= =Y oF
Ak EAQol wg &k 282 = AUvk FYA| paclitaxel®] 4% Liggins Foll 98t solid-state
paclitaxel®] morphologys Zd& 4 &= WHo] /MAH7]= oy Az 3o wlg oA o]
Fojx g AgHo|x HE3 o] Ut} dE £, amorphous paclitaxel AZE 9ol 221TC9 2
<94 quench coolingdteiol  3FF7]  wl&Ee]  Ax Aol wlg Fosith. B AFoA=

¥ (solvent treatment)ol] ¢Jsto] Fhesial H | =4

T A+ WH(solvent-induced method)S NESATE F, Zo] A% E3H deE F4 &
(methanol/H20=98/2,  v/v)°l  homoharringtonines  *¢] Azxgd A 243 (crystalline)
homoharringtonines A3 4 Ao, Fojdo=z v54 & vl(methylene chloride/methanol=98/2,
v/v)ol o Az ¢ A3 (amorphous) homoharringtonineE A %F& 4= Aok v xglo] 93
homoharringtonine®] morphology W35 <2lsl7] 98 SEMz} XRD 418 Fdstgon 4 23
£ Figure 247} Figure 259 Z+z} vebU ok

i
)

[*]

IF oy

homoharringtonine®] morphology S & wj
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Figure 24. Pictures for morphology of homoharringtonine analysed by SEM: crystalline
homoharringtonine from methanol/H20(98/2, v/v) (A); amorphous homoharringtonine from

methylene chloride/methanol(98/2, v/v) (B), respectively.
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Figure 25. XRD patterns of (A) crystalline homoharringtonine from methanol/H.0(98/2, v/v), (B)

amorphous homoharringtonine from methylene chloride/methanol(98/2, v/v), respectively.

& Az wal homoharringtonined] R %3 Z 7)o zfolE mgow ZhF-&
At Figure 26914 R uvpe} o] g &v] o2 Aes & dx YHS

At A F A Z(evaporation)ol] B 3Fe] EF A Z(spray drying) & A& A 4 2
=7]9] homoharringtonine A Z7} 7}t th. &3k Figure 27914 Hi= vle}l o] Ant ¥z
o} BEAZY A4 ZHF methanol =5 Z+ZF 1180, 1160 ppme] 2™ Z+7F methylene chloride
T 77 1040, 250 ppmo®E YERY Rz Ae FREWE B 2 vEE FY F A}dTh
T oFEel AF JFREWY FR7F HFAS #HEsHoJoF st oldl  ##ASte]  ICH(International

Conference on Harmonisation) guidance®] €& FEo| X5y += o8 71K & #IF o L&

o off ox ro U

of

AAs A FASL Utk ICH guidanced] ¢3FH methanol® methylene chloride: 2% Class 29 3f
FEE Sz 22 Y T2/ 242 3,000, 600 ppmeE FAS L At B AFoM= EFAZX v
© 2 methanol®} methylene chloride® ZF&vl F%5& EF ICH 74 % ol3tZ 1=z 753ttt
okl paclitaxel®] A $ol® FAE ZAyE B vl JdEd, BFEAZRA e A¥yHE
(evaporation)o] Hl&| oz =z A7]9] paclitaxelS Ao AF e AFEulE aagoz2 AA
g At wEbA HFE AA AFE Ul ARE&e A4S TFAATY] HsAe Ax HHel wS-
ZQ23A}. Adut JFHAZ7](rotary evaporator)dl A FA| 7 AZREAE AF F FFEu7F 53 A
AE7] Aol AF FwHo] HudtA Hojugl= ®H 74 3Hcasehardening) @A W&o HF&we w&=
E AA olstE A x| 7t sl offHut olgd EAHE sAsY] st dmekEe] AS d
WA o7 FHZX(spray drying) WO R Axste] HE AF Ul FFE&HY A4S FFAAGY &5
Azxe] A5 L Agste] dmoef

AFES A duHE A2 EBv oyl Aol RIZE AE Az
H,
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Figure 26. Pictures for morphology of homoharringtonine analysed by SEM : amorphous
homoharringtonine obtained by evaporation (A); amorphous homoharringtonine obtained by

spray drying (B), respectively.
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Concentration limit by ICH[27]
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Evaporation Spray drving

E00

400 -

200

Fesidual m ethyene chloridelpprr
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Ewvaporation =pray drving

Figure 27. The effect of drying method on residual solvents. The methanol and methylene
chloride belong to class 2 in ICH guidance, and they should be limited in pharmaceutical

products.

_82_



3 &A= A
Homoharringtonine®] morphology =}o]l+= &9l 3 T=(solubility)ol] ®& ¢S

o, AFS FHol web zole JYANE A AR ostd  FA4 3P (amorphous) FEZF A
(crystalline) @ejoll H]3le] 1.1724.00) A= &3lE7t =2 Ao=Z <A oy ozt 542 9
o] A3 (formulation)ell vi-§- &34 o] § ¥} Homoharringtonine®] 79 74P AAFo| m
of 3t SIA=E oy =BT, 25T, 45T)NA
25C, 45C)ol 4] 24 ¥ homoharringtonine®] H|d] F A3 homoharringtonine®] ol w3l &

o= & T AAgT FAF A AAFA e dEF 120 ppm A= E=A dERY 1.2 1)
2 4= 9JAt}. o]#) 3 homoharringtonine®] &3] % (5007750 ppm)+= o] A3} o] FnjE
okA] paclitaxel®] o ojsh 35HJ—( 6 ppm) R R Eokow ol |E AU 7]'7<]

“

=
o
o

12 ol M

iyl

=43t Figure 289 WER Sl Foixl

_,_4

N

rlo
51
30 0 W T @
e rr o 0 o o o2t rIr

o

o
ﬂmmmm

u

i
=
@

o 4

%0,
2
o
=)
ol\
NS
|
rlo
HE
flo
rlo
=
e
o
o
@
o
a
3
— o
=2
o
f
ui
M
Fl
l-rI
oL
o
EJ\
O
4;2
o
@)
2
_>L
nj
_IH~1
o
U e

_83_



800
— 5C
g 750 B —— (A) ( )
z 700 |
5
3 650 B
(2]
2 600 |
3
> 550 | -/-/-/-
(e}
<
500 . . .
0.5 2 8 24
Time (hr)
800
= —a— (A 25C
E 750 | (A) ( )
2 700 | A/‘/A/’/‘
=
2 650 [
(@]
(%]
2 600 [
3
> 550 |
(e}
<
500
0.5 2 8 24
Time (hr)
800
= —a— (A 45T
£ 150 | (A) 45¢C )
5
3 650 |
(2]
9 600 | -/-/-—-
8
> 550 |
O
<
500
0.5 2 8 24
Time (hr)

Figure 28. Experimental aqueous solubility profiles for amorphous and crystalline
homoharingtonine at various temperatures : crystalline homoharringtonine from
methanol/H.0(98/2, v/v) (A); amorphous homoharringtonine from methylene

chloride/methanol(98/2, v/v) (B), respectively.
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Figure 29. Effect of temperature on the increase of aqueous solubility : crystalline

homoharringtonine from methanol/H20(98/2, v/v) (A); amorphous homoharringtonine from

methylene chloride/methanol(98/2, v/v) (B), respectively.
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Fol A 33783 wtn(ANE AR FAFY 45 2334 wtn(XFE B),
=A vERow, Folx R (RH95%) %31 shell Al Byt 7]3kel F7tef
<

=5

2 8 dEe FAY, 443 BT eSS B (Figure 30). %3 Figure 31014 ®HE=
vo} ol Bt 7|7 Fbel wE e SUhE TPl ARGl vlste] @4 HA WsteE AS
o AT F, B 7IZF STl W APl ¥ W FES Fote] By 7|7t mE i W
= A3l va] FA4de] o TS & F AU GRbH o R ook AP oy B FHlA
T Fe] b ol v T ok, o2l FWolA homoharringtonine®] A FA AAHY Rup= F
Aol o npEAtS & = AUk &v Aol 9§ homoharringtonine®] morphology =43 7§
nj A7 el g Nd-s Aelste] Figure 320 WERY AT

6
OA
5 mB
X nle
Exy
c
(O]
3
o
(@]
sl
©
=
1}
0
0 1 2 4 8
Time(week)
Initial (wt%) 1 week 2 week 4 week 8 week
A 3.373 3.961 4.283 4.622 5.256
B 2.334 2.486 2.62 2.859 3.009
C 1.310 1.742 1.985 2.127 2.459

Figure 30. The change of water contents during storage at given humidity (RH95%) : crystalline
homoharringtonine  from  methanol/H-0(98/2, v/v) and evaporation (A);  amorphous
homoharringtonine methylene chloride/methanol(98/2, v/v) and evaporation(B); amorphous

homoharringtonine methylene chloride/methanol(98/2, v/v) and spray drying (C), respectively.
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Figure 31. Effect of storage time on the change of water content at given humidity (95 RH%):
crystalline homoharringtonine from methanol/H:0(98/2, v/v) and evaporation (A); amorphous
homoharringtonine methylene chloride/methanol(98/2, v/v) and evaporation(B); amorphous

homoharringtonine methylene chloride/methanol(98/2, v/v) and spray drying (C), respectively.
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Dissolving homoharringtonine Removal of Control of
in various solvents residual solvents Morphology
for control of morphology by spray drying by solvent treatment

\ \ \

Methylene chloride/ Amorphous

\
\4

Methanol homoharringtonine
DRYING
' Crystalline
Methanol/Water » homoharringtonine

B :

Test for morphology

Consideration of Consideration of X-Ray Power Diffraction
Solvent polarities ICH Guidance Q3C ~ay
. . - Microscopy
and properties for residual solvents
. . -DSC
(Solvent-Induced for registration of IR

Method) pharmaceuticals

- Solid State NMR

Figure 32. Proposed schematic diagram of the removal of residual solvents and control of

homoharringtonine morphologies.
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AE o2 4% homoharringtonine] &8 3}st% EAS FAMSHA T

A

fol

ARHA 3-1. 154 BEAE F5E FT YR BF AT (in vitro EH)

2. Alg € 4y

Zh iRA bR FEE9 3T 84 43

1) AdEF

B Y (Saccharomyces  cerevisaes), AP (Aspergillus oryzae), RS 55 (Salmolella
typhimurim, Pseudomonas aeruginosa, Vibrio parahaemolyticus, Escherichia coli, FEntrobacter
aerogenes), LA 3%F(Staphylococcus aureus, Bacillus subtillis, Streptococcus mutans)<

ATCC, KCCM, KCTC 59 #F71g7|#o25H g3t AlddF2 AFE-3F tH(Table 1).

e
B
)
B
N
ro
Al

Table 1. A/ @ T F 9]
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=5 I HH =34 Strain No.
37 Salmolella tyohimurim ATCC 12023
37 Pseudomonas aeruginosa ATCC 9027
30 Vibrio parahaemolyticus ATCC 17802
G(-)
37 Escherichia colf ATCC 9633
30 Entrobacter aerogenes KCCM 12177
Bacteria
37 Staphylococcus aureus ATCC 65389
G(+) 30 Bacillus subtillis ATCC 51189
37 Streptococcus mutans ATCC 25175
Yeast - 30 Saccharomyces cerevisaes KCTC 7243
Fungus - 30 Aspergillus oryzae KCCM 11530

kA ) Zt © & homoharringtonine(HHT, Sigma, USA, 1 mg/ml)e} tEZ < HAdFAR A =}

TFEA(DF-100, 1%)& o]-&sto] Hlal A3 shait.

3) A @eH

TSB(triptic soy broth)®]#(10 ml)E T A¥ &

A AFTTo seed(0.5 m)E FF 3
Table 1o FEAIE HA2kolA 18 AIZF X wul kst ATHI20 rpm). e g M F A S T3 % (ODeso) 7k
o] 057F HE2 HAZEHFTE 343 % microdilution assays ©]&3te] B30t} 96-well plateel
180 2] TSB , 7Mu|A} FE2210 @), v SN0 w)e] o= HI7Egh 5 HH oA 12 Al u

]_

il

o FAK

iy
rl

il

ol

st Fo 660 nmollA FFE=E FAHIAT EAA DMSO9 HFTsEw 5%7F HEFH AEE 34

Lo
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Cell growth (ODi2n—0Donr)

o

12+ 4+ F2E9 37 84 43

U 559 Fxo w2 &AL Figure 1014 Bz npel o] AJgdt BE o
1 91(0.00625, 0.025, 0.05, 0.1 g/m)oNA AF Asfdds HetliAa, ey F52

JEHde st

=
ol
=5

0.00625 0.025 0.05

Concentration (g/mf)

Figure 2= Figure 19 A4¢€Z234 & A& 7 ¥
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—e—Saccharomyces
cerevisaes

—m—Aspergillus oryzae

Salmolella typhimurim

—>—Pseudomonas
aeruginosa

—k—Vibrio
parahaemolyticus

—8®—Escherichia coli

—+—Enterobacter
aerogerogenes

—=—Staphylococcus
aureus

Bacillus subtillis

Streptococcus
mutans

Au AT 58] A FEEE 24

Figure 1. Antimicrobial activity of Cephalotaxus koreana extract
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i
e}

el

[e]
=

Holt}, Figure 2014 R wpel o] FAAYERTR DF-1002 EE o sty g5

oz
2
o
e

I 10Z29 AN&A#F 5 Pseudomonas aeruginosae’t Me)A &9 93 714 WeA

333

]

rlo

it
o,

A& ®AaL Salmonella thyphimurim, Escherichia colisco] Qo1 A th 2t H]3lo] vt

Boo =3 a3 STl FAETEY tA W Aow yehdvh AMETrd Aspergillus

o

oryzae®t 13 &A1 A= Enterobacter aerogerogenes®] talolx e FH@AAdS e AA

b B AR 225 FEARCE delzxl HHTE Ao e Ao 2 verwttHFigure 2).

1.0
08 | A _ H 1 _
£ 06 1 | ODMSO (blank)
o B —
a 00.00625g/ml
Cl) i 00.025g/ml
= m0.05g/ml
& 04
EE . WO0.1g/ml
(o) OHHT(1mg/ml)
o BDF-100(1%)
= oo |01 ST IS (S (s (e
=
@]
| -
O
— oo (s Ul Ule LLER LM LTS Ul Uik Ui, L
®© 2] o E 73 —_ 17 »
O o |24 3T |8 S o |52 |3 = | 5
S8 3% |og | © 2| ¢ |52 |8, £ |Sa
bus < © ()}
02 ES | o2 |Ez §ES|e2| £ |33|82| 2 |8§
o> |20 |sa | 53| 52 G |95 | o= 5
5327 |55 |32 25| 5 |53 (33| 3 |82
ER: o8 | T§ | 2 |E° £ = |
© & s | o |M8| <= S |
-04 n g- LL D o
YeastFungus G(-) G(+)

Figure 2. Antimicrobial activity of Cephalotaxus koreana extract against different microorganism

AF-FHA 3-2. ARAYF FE2EF HHTY & EHEH &g A7 (in vitro £4)
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2. A2 2 U9
7L Y AZFE )& JRH A YR FEE9] FE Y 4

D A@AMEF
Sk M EF 8o A fHer A EFe SCC-1395(breast, mammary gland)$ SK-BR-3(breast,
3} tH(Table 2).

mammary gland)E ool A&

ol

Table 2. Used cell line for anti-breast cancer activity

Cell line Tissue
SCC-1395 breast, mammary gland
SK-BR-3

breast, mammary gland

2) #i=

RPMI-1640 ®}A](Hyclone, USA)°| 10% FBS<} 1% penicillin—streptomycin(10,000 units/m¢ pencillin
G sodium, 10,000 pg/mé streptomycin)= &3ale] A}-83}30 T}

3) AEEE =4 2 5=
FEWTU(FFAF7I T ERE M AYF FE5E Extract 3 Extract 25 A|Fwtorw o)F
Extract 1 & A% 3 o|et2o] 1 : 82 F%39 1L, Extract I+ AX & SLHAE AE3 5 Jdas

of 1: 8% FZ3AY. A FEES IFdFFse] eSS AAS}L & Yol 2 A7HseH d
freezerdl A W & 3t FAAZ AT A T AuAUT FEES 44 S

(DW) 9} DMSO(dimethyl sulfoxide, 99.5%, Sigma, USA)el 20000 ppm& Tx7} HE2 A3 o
HHTE 100 ppme] =% ZA 3t

4) AEEHY
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A wlFE SCC-139(breast, mammary gland, 5x10° cell/ml)9} SK-BR-3(breast, mammary gland,
5x10° cell/mt) AEZ 180 ule] wix|o] F-5AA 96 well plated] 33+ S (A1 7} columne HI#| 200
W) AREE 20 W Z+ welldl H7star, GAES AlFdEZo] HEFH plateE 37C, 5% CO0 A 44
Az W FAA T 50 o] MTT &9 BE welldl 74stgith 37CelA 4 A7 o w3k 1,500 rpm
oA 5 7 AARYE g ASAE AAGAT. 4 wello]l DMSO 200 xS 7}3F 3 formazan blue
AARo] =S wi7bx 10 B1F 7PE A W &3t Microplate reader(VERSA max, USA)E o] &3lo] 570
nmoll A FFEE ZAsAT(o] EF == MTT7F AlFEd 9 & formazan bluel & Ea|¥ %S iy

ZF wellell =48k 4ol Sl= cellgok Bl #H & AT,

Zy well 239 Hi ODspats 78] RS Hit ODspzkell sk ME S S AE3 o

WiEE 2 2 (blank) 2t ¥ APt o] A sl & (%)l sl sl ghelth

. BAG AEFE ST AMA UR 252 F¢ BY BY

1) AFAEF
Shar A EF 2304 K562(blood leukemia, chronic myelogenous), KG-1(bone marrow, leukemia,
[e}

acute myelogenous), HL-60(blood leukemia, acute promyelocyte) ¢ doet NEF 3 F& ok

tH(Table 3).

—

Table 3. Used cell lines for anti-blood leukemia activity

cell line Tissue

K562 blood leukemia, chronic myelogenous
KG-1 bone marrow, leukemia, acute myelogenous
HL-60 blood leukemia, acute promyelocyte

2) wA
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RPMI-1640 ®}X*](Hyclone, USA)°l 10% FBS® 1% penicillin-streptomycin (10,000 units/m{
pencillin G sodium, 10,000 pg/mé streptomycin)S &38ato] AF-&391 ).

A zA 2 ¥E

b

=
gt (FsAT7IHZEYH Aol g EshaFe] 001 g¢/md HEE FEE

tlo

50 m¢ Bl
Azskai

%52 PBS(phosphate buffered saline, GIBCO) 25 m(Z &3a]3sle] 022 gm membrane filter® o] =32

EAN

o

X

25 M ¥ speed vaccum evaporator(Ecospin 3180C, Biotron, Korea)< ©]-&3}e] %

I 7S AAGE nEE FFS =4 80 my/mYdS etk A1¥ AR EE 10, 20, 40, 80 mg/
mel FE7F HEE PBSE 31X 35l ARgEtdth ¥ dERToz+E HHT 3 mg/mle] %= PBSol &

shstel mw A¥L ek

4) NILH
A mgE K562(blood leukemia, chronic myelogenous, 6.8x10° cell/m¢), KG-1(bone marrow,
leukemia, acute myelogenous, 6.6x10° cell/ m¢), HL-60(blood leukemia, acute promyelocyte, 7.2x10°
cel/m)E AETE 180 o] viA o] H-HA1A 96 well plated] EF3 F (AP Z+ columne ¥lA] 200 wl
) ARE 20 WA 7 wellel Hrbetar, Al A@Edol HEE plateE 37°C, 5% COx0MA 44 A
L FAI AT 50 ple] MTT 84S 2= welld 7Fetith 37CelA 4 A13F o wigatal 1,500 rpmel
A5 B 9AEEE o] A5 dS AAsGE ZF wellel DMSO 200 #0743 & formazan blueZ
Aol Hg ui7bA 10 &3F 7FH A W '3 th Microplate reader (VERSA max, USA)E o] &3F9] 570
s} AatAdrh(e] FHEE MTT7F AlEol 98] formazan blueZ 23ld 4S iy

Zy welldl &A1= Aol A& cellg<t v #3EG .

=)
3

=2,
R
oy
o
ki
il
5\

5) A%a7
7 well A9l B ODso@k & Tokol 2o BT ODmogtel W& W& #e AEasich o

&2 2 (Blank) ¥ L Al o] A& (%)l sl dat= gholth

t}. Homoharringtonine®] X & Al7to] W& A2 FAx7A 2F

o ook ALFE ol §3

pud

ot

b A2 AdelAM AnAYT FE2=3 HHT skl 743

W7s @AS Bl K562(blood leukemia, chronic myelogenous) Al EZFE A EF S8 A ok
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oF Abg3hgit.

2) 8 A
RPMI-1640 wiXA](Hyclone, USA)o| 10% FBS<¢ 1% penicillin-streptomycin(10,000 units/mé

pencillin G sodium, 10,000 pg/mé streptomycin)<S &38ato] AF-&39d ).

3 AFEEAY 24 2 =
FFEYst(FsAT7|HEFEH AT == 99%°e] HHTZE 91.6, 183.3, 366.6, 733.1, 1466.2,
1832.8 mMe] H %7} ¥ %% PBS(phosphate buffered saline, pH 7.4, GIBCO, USA)& 34 3s}o] ALg35}

ol
AN

4) A8y
ME EA L sulforhodamine B(SRB)H o2 #A35t9 T sulforhodamine BE A

ofrji=ttel]l Agtsl= dREA S HNS W FolX AR <ol EAstE Ax 5 FAS I

el
uy)
1=
i)
lo,
o2
N
oX

A wlFE K562(blood leukemia, chronic myelogenous) 32 6-well plated] 5 x 10%ells/well &%
2 FEfA71a 37T, 5% COu7F2~ E=A] stell 24 A|ZF dujaj<F staith dujuid & HHTE s=H=E
(91.6, 183.3, 366.6, 733.1, 1466.2, 1832.8 mM) 1 m¢¥ Z+ welloll A gslar 3,6, 9 & A g
AR 5d w22 AsHA AFS AZEAL BE At 5 @A FAC 334 urE

stol W@ sk,

Q)

5 Z34AA
Z} well plate?] B ODsp#r= T3t 2T Hit ODspoatoll sk o

WS AP L (blank) 2 Bl 3 Al e] A & (%)l sl Bt gholth

o
>
y
_C"L
32
)
9

& @

F
P

2. 71& & <A 9 homoharringtonined] ¥l A Y

D ANEAxEF

ofe] A4St MEFE o] &3 F¢ S4EA AAAA AT FEE3 HHTO dtiste] 744 7l

N
il
o
Al
=
Hl
N
rlo
o
2,
o
Mo
o
12

73k &48 B2l K562(blood leukemia, chronic myelogenous) A3
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RPMI-1640 #®lA](Hyclone, USA)e] 10% FBS® 1% penicillin-streptomycin(10,000 units/ml

pencillin G sodium, 10,000 pg/mé streptomycin)S &38ato] AF-&391 ).

TRt (FsAT7| T EFE AT £% 99%°e] HHTZE 50, 100, 200, 400, 800, 1000 ug/ml 2]
>5% 7} ¥ 2 PBS (phosphate buffered saline, pH 7.4, GIBCO, USA)Z 3]|X3}o] AFgslgct. iz

o2E 7|E WEYy HAEARE Ay dE F9A Adriamycin(IL-Dong, Korea)®t Hlx A3¥S 3

Al 842 sulforhodamine B(SRB)W 0.2 41331t} sulforhodamine B Al whald o] 474
ofr] = Ate] Aot dE2A EHHAJS W Fol AR <t EAste AEe &5 FASHA
A wjdkE K562 AEFE 6-well plated] 5x10° cells/well 322 F§A1713 37°C, 5% COy7F2~ FA)
Sloll 24 A|ZF preincubationd}$i T}, preincubation ¥ HHTE =¥ 2(50, 100, 200, 400, 800, 1000 ug/me)
20 WA 7} wellell A gfstar 48 AlzF B HjFEith vigo] FEE F
TCAS 7 wellell 50 ul¥ 7FataL 4ColA 1 AlRbst 2AHAA FAn. Aol vl PBSE 5 3] Al
Hato] F7)FAA ks X3k 04% SRB &9 100 plE 7hsho] 2ol A 307 A5k
Aol Fvk ¥ 19% acetic acid® 5 3] Al FH3te] & AxAI71aL 150 £ 10 mM unbuffered Tris &2

96-well plate® =7 cold 50%

Z SRB dyeZs # =ojulo] 96 well plate® microplate reader® 520 nme] W oA FHEE =43
=

5) 2344 A
74 well Ao Ht ODspwka T3tol thxw o] Hit ODsowtel ik
(%)l s Fat= gholt.

|

& #e Assdn o

ML

W H 8o F Al S T (blank) 3} H] L3

r
>
et
!
1o
oz
=
2
=Oé
o

=
Survival rate (%) = 0 x 100

3. 2% & 1%
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R ATFE 4T ANAUT 2B FY B BA

ME) A FE 5 (Extract I, Extract ID¥ HHTO W& f3ek A £5(SCC-1395, SK-BR-3)9 4
=2 & (relative proliferation, %)¢] A3} (Figure 3¢} Figure 49)& ® Y SK-BR-3A4|XFE= 7)v|AvpH

& Extract [I7} Extract 1ol B3t =2 @45 B /v Ao fFadwo=z ¢4#zl HHTe
Ax =& &t Aol Yewth(Figure 4). SCC-13955 o] &3k ot &4 BEAo % /furRyPE 35
= Extract II7} Extract Io] Wlgto] =& &9 &S Holoy HHTAM= @9 240 YehA 23
HFigure 3). = W AEXFE ol &3 Auxbyd FEE3 HHTY 3¢ 43444 = SK-BR-3

AEF7 A4 AEFZ 159

=

é
&>

=

b

o
3

100
N DV
[ DMSO
801 I DWwith Extract | (20000ppm)
L - [ DMVSOwith Extract | (20000ppm)
= Bl D\Wwith Extract Il (20000ppm)
2 I DVSOwith Extract Il (20000ppm)
© 601 B DV with HHT (100ppm)
2 [ DVISOwith HHT (100ppm)
o
o
2 %07
©
[0} _
m —
20 4
0 | | | |

Treatment

Figure 3. Relative proliferation rate by various treatments using SCC-1395
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Relative Proliferation(%)

100 -

N DW
[ DMSO
B DW with Extract 1(20000ppm)

80 1 [ DMSO with Extract 1(20000ppm)
I DW with Extract 11(20000ppm)
B DMSO with Extract 11(20000ppm)
H DWW with HHT(100ppm)

60 1 [ DMSO with HHT(100ppm)

40 - ]

20

0 | | | |

Treatment

Figure 4. Relative proliferation rate by various treatments using SK-BR-3
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4. 2AG AEFE o8 JHHA UF FE2ES FE Y BH

PBSH 7} (blank) & 7= o & 3te] $hiket oAl & A7E Figure 59 2tk 3 Fo AXF
K562 AEF7F 7fnj Ay F=E &3 HHTOl whste] 74 Righsial wbs-sidinh. webd &5 HHTS

100

90

80

70

60

50

40

30

Inhibition rate (%)

20

10

A

I

A

2

oA AFEE A EFE K622 A

=]
T~ =

10 40 80
Concentration (mg/ml)

EHL-60
B K562
L1KG-1

I

HHT (3mg/ml)

Figure 5. Inhibition rate of various blood leukemia cell lines by the treatment of Cephalotaxus koreana extract
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t}. Homoharringtonine] X & Al7te] W& H A FAZA AA

A AH AT FEES ol §3 G BHRA APolN HPH K624 LT HHTE ed=

i

(91.6, 183.3, 366.6, 733.1, 1466.2, 1832.8 mM) 1 me# 7} wellel A &star 3, 6, 9 & A2 wf7t#] vjd
el v vE2 AdstdA S dEEdY HHTY =¥ & AdAzted & K562 A5
o Aearts e FEWLB0, 100, 200, 400, 800, 1000 pg/mi)olA A4 AsfEdS e K
Figure 6, Figure 7).

Figure 6914 B+ nlel o] A7|3F FoJ 23 (9 day treatment)ol A E L% %(183.37366.6 mM)
ANM = 50%e AMEAZGANE BT = 3 A Ad F 50%9 AgANE B w2 600
ug/ml ol em. 6 etk wid Hg F oF 9 dwt WA A3 F 50%° HGAME HolFE

9 mM FEolh o] Ao wRE K562 Al EFo HHTS &
717kell A A 29 day treatment)® -5 vl LA v A 2]F = (183.37366.6 mM)ol A = K5624) 359

100

90 -
< 807 m91.6 mM
5 07 W 183.3 mM
s 007 [0366.6 mM
IS 28 I 07331 mM
2 a0 | B 1466.2 mM
€ o ! m1832.8 mM

10 -

0

Everyday Everyday Everyday
treatment for treatment for treatment for
3 day 6 day 9 day

Figure 6. Inhibition rate of K562 cell line by HHT treatment
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100

—@— 3 day treatment
80 L O+ 6 day treatment
w —-w¥— 9 day treatment
£
Q 60 I~
=)
©
S
©
2
S 40 I~ \
7 A8
@)
AN
AN
20 | N
\ .
O | | | | | |
91.6 183.3 366.6 733.1 14662.2 1832.8

Concentration (mM)

Figure 7. Survival rate of K562 cell line by HHT treatment according to treatment time and treatment concentration
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Z. 71 <9 A 9 homoharringtonined ¥l A&
HHTS gdA=2 /Mdstr] & 71Edd B8 AFZAZ A#H 1 9= Adriamycin?} v 2 3

st Ad Axt gl MES K62 EF9 A& HHTY &% 693 ug/ml3}  Adriamycin®]

&= 400 pg/meoll A AEES 7R T o= HHTO &A= A 7beAd s BolF= Aol th(Figure 8).

70

[ K562

60

50

|_
e

——

40

b

30

Inhibition rate (%)

20

_|

H
|_

o

10

400(ADM) 50 100 200 400 800 1000

Concentration (Lg/ml)

Figure 8. Comparison of inhibition rate by HHT and Adriamycin
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ARA 3-3. AWAUE 2229 S4AAn vitro £4])

2. A5 € Wy
7t M AU F FEE 9 hemolysis 4

A Bebgge Fz wAd T4 BEHAPR] WS HxFol @ AQ AAu}
2 g9om degvh AATY AL ATl Qo] AATE AA 2L F U; o= R F

He FASY, 71 T2k gasty] MRl 4A% Agndzs £3 gk 4T 2199 2
=}

=

W (FeAT7IHEZEEH Aol ngtgako] 001 g/md MEd FE5E
25 mlA ¥l speed vaccum evaporator(Ecospin 3180C, Bio tron, Korea)S o]&3lo] &7 %38t th
FZ 5L PBS(phosphate buffered saline, GIBCO) 25 m¢E &313te] 0.22 gm membrane filter2 °]%
A #& AAGL 1Y E FHES S48t 80 mg/mldS FAsATE AlF AIEZ+ 5, 10, 20, 40, 80

mg/mle] w7l H = PBSE 3|Aate] Abgetgth A iR o ®EE HHT 3 mg/me] %= PBSel

A Ao das AAE(3,000 rpm, 5 min)dte] H(FeH)S AASUL, o] ZHE AL F
45 A7k PBSE Al ¥ o] AlFEAT AEFE 5% (v/v)e] s=7t HEE PBSE &3kt
I Ze o R sk F=Hlgk 5% AT &9 100 WE PBS 100 et E3F3tATt o7l AlE

2
o

2 20 = 7l 3 0% hemolysis control®Z4 PBS 20 plE o] &3k, 100% lysis control & A]
20 2] 1% Triton X-100S ©]&3tth 37Tl A 30 5t viF Fo 600 we] PBSE 7 Al g

Y3 387 YARYIA3000 pmE F AEAe] FHEE 540 nmold FHste thg How
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AR

=
=

hemolysis

(Asample - A()% control )/ (AIOO% control AO% control) X 100

Hemolysis

44

A A Y7 FEES o] & WoldA

Y.

1) d7H73

&

ol o

X

o

o

o]
o}

= Al A

=

AT7F o] FoA skt

¥

o}

I

A

SR

]
Z|

ol

)

pul

3+ Salmonella

AT = Ame's 9AZE N

£

ol m) el A
Fo] MuAL 58] FEo] wfms Ewol

S

gE ARG, 19

o
o
(]
N
)

%

0

X

typhimurium TA98 ¥} TA100S o] &

2) N@aF

V' Salmonella typhimurium LT2F f21¢] TA9S, TA100

ks
ol

Aol ARg
of Al

g

1=
Bopy

) ANIBEALSY A

FHSL(FEAT7IHEZETEH A

Ho

°]

=
=

331 speed vaccum evaporator(Ecospin 3180C, Korea)

L
>

o 25 miA
AZ%% DMSO 25 mz &3

1=
)

mé

A A

el

Fol 0.22 im membrane filter2 o] &2 3}

5|

o] 0.1 g/mlos 5=

3|

&ttt

&

q3to] A}

Fal 0.00625, 0.025, 0.05, 0.1 g/me] F==& 3

S
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<= Ame's®] dWE WP FAEAS] HAI =T vl =2 preincubationy &2 4

|

EATE 24 A7F wiekEl #3F TA9R(3.3x10° cell/ml), TA100(3.8x10” cell/me)e] wjeFole zkzt 01 miA
A JiEA FEE 0.05 m¢ I 21 4F9E o (phosphate buffer, pH 7.4) 05 mlE H 3t cap tubeol| 4

=

I 3 %7 vortexd & 37Tl 30 E7F preincubationd}th 1 ¥ vFE 45To|A €33 histidine/biotine
o] H7}l¥ top agar(2 ml)E &3t & Holdd M-8 wiX](minimal glucose agar) 91 F353Fe] 37TColA] 48

AR R F BVl 22USE ASed

5 2%} #A

Ame's test= 7Hg £3] ARk ©|7He] EdWold Aldolth A ARl wrE gole €914 3]~
HUS ez 3F# %+=d 99A 3 2Eld(exogenous histidine)& ZHQ=E 3+ Salmonella
typhimurium® EdWo] & e s|xEHdo] gle i AP st A wjgste] &4
Hol|Fo] AAFToR Wty = 89S AASIAT AdHoE Foprtele w90 45 1 &4

FHREAS WA The el 2 Aolu®m ankg webdo] Aval & o Qi

flo

2 NGT G 2 A plate® olg3el, 2 #o BEAE £ Ak NGBS AIH BE T

of lo] HEFIMolAF7F SFAWETE] 2 v ool AldEdS Bl fits FPom WS

1z



3. 2% 4 1%

MBI A F2EE9 hemolysis®A A3 (Figure 9) FAh=xar¢l HHTS A% 1.32%9 @&
hemolysis A4S How, JiH|A} FE5EL 80 mg/mle] XA 10.8%<2 H WA £ hemolysis &
AS BAt A A 2EEL 5 ng/mle %A HHT( mg/ml)Eth ¢kt =59 hemolysisE Hol&=

Ao R Hol 7jv|A} FEHEELS HHTAHE o]9 o hemolysisE ZA FEslsE Edo] gl Aoz Add

12
10 -
8 [
9
6l
wn
‘»
>
o 4
e
(O]
I 2 | u I
. [
HHT 5 10 20 40 80
(3mg/ml)

Concentration (mg/mf)

Figure 9. Hemolysis rate Cephalotaxus koreana extract
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4. AR 4F FE2E8 o8 WoldA 4F

S. typhimurium TA983} TA100S ©]&3F Ame's testE Al3e A} base substitution® 21 TA1002]
FEYFE wRo #Agle]l SANETH vluste] FrhEA] ol Ao E FAFHASH, frame shift
ol TARAAE FEYF oA Fsrdd #Aglel AT Hauste] F5EA Zof o=

FAHAJAT. web JfH A FEES EAWolAAS ZA ¥ Ao A E AT (Table 4).

Elay

Table 4. Ame's test using S. typhimurium TA98 and TA100

TA98 (frame shift type) TA100 (base replacement type)
Number of Number of
revertants/plate revertants/plate
Dose of tract Dose of tract
extrac extrac
extract (g/mé) extract (g/mé)
0.1 83 0.1 65
0.05 38 0.05 72
0.025 97 0.025 68
0.00625 74 0.0625 74
Number of revertants / plate Number of revertants / plate
negative HHT negative HHT
66 73 62 69
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ARFAA 3-4. AF L JFF ALE AT 2FH

i
ox
N
>

7t AFAA 2 REAZAY BEFE

FF Mabel A AF JhuIA (Y, E7D)E 2471 (HM-2500, Hi MIXER, Korea)® 4] 5} o]
e el JfHI AR 1 kgs 70% 74 8 kg EFSte] wlE] o d¥ 80T
Water bath(JEIO TECH swhb-10, Korea)oll A 45 At & &5 3t F294S 9432400 xg)
5 o] 32| (Whatman 0.45 ym filter) & ©]-&3ko] o atglvt. HF P& kol 33.5 mg/ml
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ol
il
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b =R TP
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Fo 4G 5 sstzo] Wm 550ClA 2

=
Az 7rEEtRdd JFE F A e g Aol Afrt Ao desiccator WolA] A-2(25T)e] & w7}
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stk $371% B3 A% Fehaa e vEy

(vh) 24 f
AEAGE A F2 2R TS dolry] 93] AOACH S ARESTh AR AUE A8 2 g5
Aol &xstal 500 me] Fek=ad @i Ad 05 go 7hekdth 1.25% &

ot

s ol oHER 5 3

AF 200 ME Wi A @FYAE gol 30 B BT FehaAd oH@RE Yol oo s
Aoz Ado] AdS YA @S w7hA Fetaas FRES 5 3] e F 1.25% FASIUER
£ 200 mE Ab&ste] FFES 500 mle] Sepao] Aol Wa sFdEth 30 3 #9 vg #
o] #7] 5 ARgdte]l FolF} spdvh Alde] dZAEAdS YEtA oy wiziA] 5 3] "o AL
g olee 15 mZ A 110Te] Ax7]olA Axse] duHzz AL v o] 2 wrix g A
z3to] A AIHAA Ao FEFeh v 450 T 500TC e AR FolA o] @ wrx 4
ki Ael & Asksich

(3) 2%4A

b e - A% A AR Pl - AF F Ans] FAE
TR = AE A AR A 100

(W) =3& FF

x 100

() g=3tE

Bertrand 9 RAFE=TH 73 G2 Hg = 34ns
AlE AHH ()

x 100
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(=) =A% FF

2A () + 5719 G - 5719 T
AEEEERT

(b zoAa F

Zehld Shek () = - °_ : = : x 100

A8 A FHe)

() 24%

2ae serg) - L10TAAE 3 FA@ - vlzAN e FF FAR
nee NEo] AAZH )

ofr

x 100

2) pH &34 HAL

(1) ANFEAY 24 2 5%

FF Wbl A AR s AnAE (Y, 27D)E HA 7] (Hi MIXER HM-2500, Korea) & -3 5} o]
2aE ek BadEe MuAgE 1 kgl 70% 74 8 kgl v &R ¢35t WY Add
80 C¢] Water bath (JEIO TECH swb-10, Korea)oll Al 45417+ &<t &5 sttt 5 & FEA9&
AAEZ (400 xg)dte] A5 HS otEnr FE (whatman 045 m filter)S o] &3} o] 3}3sla pH7F 5691

FZ=9e] 0.1 N HCI# 0.1 N NaOHE o]-&3te] 3,5 7 9 112 xdsto] AL&3stqitt

B A FEole] pHel whE HHTS haF Wskel 1 hdds Z7438H7] 9l pH7F 5620 F5

0.1 N NaOHE ©o]&3}e] 3,5 7 2 112 43k 0, 120, 240, 480 H# &<¢re] WX A]
b Fo dAFEe] AN5E FH3e] HPLC (High performance liquid chromatography, Waters)® HHT 9]
stk a2 =4 351¢th. HPLCO AF&3lE column capcellpac C18 column (UG120, 4.6 x 250 mm, 5
um, Shiseido)e]™. ©]F4 S 2+E methanol®} 01 M ammonium formate &S A&t £vf9

gradient 272 1.0 m¢{/min %22 methanol : 0.1 M ammonium formate’} 25 : 75 (v/v)ol A A]Z}
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ARFel dugom FauHel g ARl
omA ARel 74, £Eel FA % dYrE Brher) 9% PHelth A3

Table 5. Chemical composition of Cephalotaxus koreana extract (HHT : 5.46)

Analysis item

Result (%)

Carbohydrate 1.05
Crude lipid 0.13
Crude protein 0.02
Crude fiber 0.06
Crude ash 0.20
Moisture 98.54
Total 100
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7-2. pH 284 A4

A A FE2Ee AFoR &887] fa Ao fadLor e HHTC pH ¢4
3,5 7

S HESAY. pHE 442 ;112 HEA 7l 3 A7) w2 HHTO 3 W3ls =Aste] kA

(stability) .2 UElW A= Figure 103 Z2oh Z¥olA ®@E pH 3, 5 7 HYoAE= HHTo| W%

AAETS B 53] pH 7xNA A Fol pF Aol <hAFstA FAHASoY pH 11904
HHT #3&i7}F "Aaxo] 9 A7F AA] %27] HHTS 62%45F dgkch 2225 o072 Jfu| Lt F& 59

AjshE HHTS &2he] 22 (pH 1DS Al9stas g9 54 #9loA hgsh 2o Yeyr

100 P
80
)
>
= 60
%
& ——e— pH3
40 L Q:vovee pH5
———%—— pH7Y
—=-—  pH11
20
0 | | |
0 3 6 9
Time (hr)

Figure 10. pH stability of HHT in Cephalotaxus koreana extract

- 117 -



U JFFozd FEYHE

HHTS 9jeFEo 2 sutslr] 93] u

AR =9 zAe tH(Table 6).

bdel ANEW e =]iste]l HHTS A7, A2,

Table 6. Physiochemical properties of homoharringtonin

Analysis item

Result (%)

Name

Homoharringtonine

Structural formula

Cephalotaxine:
R= H

Harringtonine:
O CHz-COMe
R= —C—C~CH;—CH;—CMe;
<|)H OH
Homoharringtonine:
O  CH;-COsMe

R= —C_?_CHQ-CHZ_CHZ—CI;MQI
OH OH

Molecular Formula

C29H39NOg

Molecular Weight

545.62

Origin Cephalotaxus koreana
Description White powder, acerbity
Identification Chromatographic method
Assay HPLC
Loss on drying (%) 0.77
Ash content (%) 3.72

Standard substance

98.6% (Sigma-Aldrich, USA)
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A 44 A¥AUF F3H AELAG in viveo BEEA R SAHEY

2
2% A7

1.4 A

AAE2HEH AYSHEAS 2 d75 YA B2 A7AEd 93] o]Fojxa dom 53
Aol gk A=A 9 oA o AEardde] de o] &HAL v AR, HT Il FFo &
Fog ke gk BAlo] EolXHA HAE gt FaAdo] Fo] HriH I Ut 53] oFE A E
st o 7HA] gk 2 A Vsl wE A wE o]5S FEAASY 7T AE 9 oJekEe
2 e RA Be WS 7P vk 2y Avjelgte] e sk oF2 o d3E] AR
3t7] oj# "ol stuE ogAX I glom, oF Ao 80~90%+ A4 ald] 7|Qlsh, #HH a9l
°] 30~60%7F Aol B @ #o] QlaL, 1 & vE gloRE F4A, A 2AKUV, X-ray ),

gtk E Ao = in vivool A nude mouseE ©

X
bol A3 [AL, AEAAGSH GG L wery wwgs

%

g L.
A=A g0l &3 = Yol s28
& Ax 5424, 2 7%

o AES] JhHAe] kA el gt tid A Wit

oIl

-

AFGA 4-1. FAFE 2@ 9 ARNAYF FH BELAY in vivo FHFEAH L SHEH
a2 A7

2. A2 % B9

7. A8 E
8F#H ] 471 SPF ICR vl$-2% The Jackson Lab. 2. ZX-E F+3te] ARE314T).

) AT € 59
SPF ICR A# 20 vlg]& 5 43t 24 w|d LDs% homoharringtonine(HHT, 1.34 mg/mé)<S 7] 7 =
of Fojdtal, w9 txdde TFY AAdTE Fo5

W5 #AGA] dAREAES st HHT Fo3ta 5 4 A5 heparinee] 2 ¥ capillary tube

AT vpg-20o] Fokol Wl (retro-orbital sinus) 25 dAS AFH e AFE
S FA 5000 rpmell A 15 #3F AL ste] FIHel d4S welste] dosetEA 71(CIBA
Corning 550 Express, USA)E o] &3l 11753 #HH & 492 glutamate-oxalate-transferase(GOT),
glutamate—pyruvate— transferase(GPT), bilirubine % alkaline phosphataseE & o=} 4] 7] (Hithachi)
E o] &3t APt AolE EAES

i
o
ofo
ol
ol
2
K
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HHT =
Eolad §5FE 3 g, 10% T4 X2 wo] 24 AIF ol mASAT nAHAZ F 7
ZAES 325 22 83 A2 70, 80, 90 ¥ 100% &EZE dAIHoRZ E4A17] Ut paraffin
L —EHH%} Z](SHANDON, Histocentre 2, USA)E o]&3}lo] Eujsla ¥ HA 7] (LEICA,

RM2045, Germany)® °F 4 me] F7AZ ZAdAS A2t H & E(Hematoxylin & Eosin) 94&
3lal xylenel 2 T3l #AS A thS permount® Bt Fedn|H oz A3}

3. 43 ¢4

7. @9 F @Ad83 A E

HHT o % 10 H}al AbgERl e
HHT %43t 5 4 A7 & g9 F zi%i%i A3z H A
o] 24 AIZF Fof] Fote}b A Wl E(retro-orbital sinus) S EHFEH FHS AFH, st
(WBC), 4€+4(RBC), A8 HTE&H(MCV), B AEFZRFMCH), ¥ 3
(MCHC) 5= Z4stdth

HHTS #Hir slnZ29 F=(MCHC)= rﬂliloﬂﬁ oFZF motout fofAow A7 e, o

HF+5(WBO), A8 HHEAMCV), Hit EFZRFMCH) S 92 ddsty g drsE o

g WA A ettt 2y HHT A 29 @@?T(RBC)—E et B feo]do® =qkt(Table 1).

;ﬁ _IZi r:u JlN

Table 1. HHT Fo3t 5 4 A3 § @4 5 44 A%
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Control a b c d e f g h i j |AVERAGE| STDEV =9
WBC 9.04t3.14 8 8.2 8.1 8.6 8.2 8 76 | 7.85 8.1 8 8.065 [0.25682527| k/ul
RBC 3.64%1.48 9.09 |10.37| 11.11 8.9 9.9 | 10.2 | 10.8 11 8.9 8.8 9.907 [0.9225936| M/ul
HB 14.2£1.96 13.7 | 13.5 13.7 13.6 | 16.5 | 13.7 | 134 | 13.8 13.7 | 13.8 13.94 |0.9082339| g/dl
HT 37.4x4.9 44 47.1 50.8 429 | 49.5 | 43.1 | 46.3 | 43.8 | 424 | 486 45.85 |[3.0358049 %
MCV 43.81t4.84 45 45 46 45 46 45 45 46 45 44 45.2 0.6324555 fL.
MCH 16.56+1.42 15 13.2 12.3 15.7 | 13.4 | 13.1 | 13.7| 13.1 12.6 |13.1 13.52 1.051771 pg
MCHC 37.9310.96 334 29 27.1 30.5 | 28.9 | 29.7 | 31.2| 29.7 | 294 | 32 30.09 [1.7741665| g/dl
PLT 173.85*111.66| 123 182 165 149 163 | 171 | 167 | 155 167 | 179 162.1 16.894772| k/ul
MPV 7.89£1.3 9.4 7.9 8.2 8.4 7.7 9.1 8.7 9.2 8.1 8.3 8.5 0.5773503 fL
PCT 0.13£0.08 0.082 | 0.131| 0.12 | 0.115 | 0.094 |0.099 (0.121| 0.119 | 0.104 0-;2 0.1112 [0.0157748 %
PDW 29.48+3.42 278 | 31.9 | 30.7 30.7 28 295 (287 | 30.2 | 29.1 | 30.5 29.71 1.3177843
Chol 129.05%+7.15 | 148.7 | 151 149 |150.47 143'3 148.9(149.7|150.37 |149.92| 150 | 149.737 |0.75566167 | mg/dl
TG 115.56%+20.89 | 455 - 148 - - - - - - - 301.5 |[217.08178| mg/dl
GPT 45+4.36 162 147 152 149 155 | 151 | 160 | 157 155 | 152 154 4.7375568 | U/L
GOT 100.28+37.98 | 218 |239.7 | 259.8 | 236.4 | 211 |238.4|256.3| 253 250 2514' 241.67 |16.459583| U/L
ALP 223.37186.19 | 442 438 469 389 430 | 405 | 428 | 457 422 | 474 435.4 |26.825361| U/L
BIL 0.25%0.16 1.82 | 0.966 | 1.09 | 1.423 [0.827 |1.189|1.644| 1.467 | 1.77 | 1.62| 1.3816 |0.3464381| mg/dl
Glu 126.36+9.99 | 40.8 | 50.9 | 46.7 42,1 | 47.8 | 41.9 | 48.8 | 48.7 | 47.1 | 445 45.93 [3.4211921| mg/dl

t}. Blood histological analysis

fxF(A)Y Nadls of HHTS9+B,0)Y A

E o gk A" A7)7F A2 4§, hemoglobin]

(Figure 1).
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Figure 1. Blood histologic analysis(A: tiZ, B,C: HHTHF A ).

.77 #d 24AEH
HHT Folsta 5 4 A3 & 7]s #dashe] d4S 2A4g 243, HHTFRo o] 39 A9+
s Fo3t dixdtel  Hste EY #dEE 3490 glutamate-oxalate-transferase(GOT),

glutamate—pyruvate—transferase(GPT) cholesterol(Chol) % alkaline phosphatase(ALP) =% AF< % o]
Ao HHTFSH(GOT: 24167 + 1645 U/L, GPT: 154 + 474 U/L, Chol: 149.74 + 0.76 mg/dl,
ALP: 4354 + 26.82 U/L)7} t1Z23(GOT: 100.28 + 37.98 U/L, GPT:45 + 4.36 U/L, Chol: 129.05 + 7.15
mg/dl, ALP: 22337 + 8619 U/L)°l Hlglo] frej#oz =2 FAE yvetlo] b &4 Asdy
(Figure 2).

O Wild type
mAE T

Chol GPT GOT ALP

Figure 2. HHTS 73 279 7% #d 54 24
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W% BARLe gL BAF A

HHT %43t 5 o A3 §, 2 H
Folgt tixatel wste] zhEdn pEE @49l bilirubine & AEHol dlon AU
glucose™= 74 A tH(Figure 3)

Glucose

Bilirubin

Figure 3. HHTFY#3 tix79 75 #H 54 4

2. 7t zA A B

el A8 dES 7F o

& BAE 5 oglley, HHTRA T vhe-29

A 9,131'?}. T3 d@ndem It
518

detel AHom RAL @ AW, UxFE vl

nodules< a‘Zﬂ
73 g0l = Az 4 gldey, HHTRo @

=
— =
2@ Ak %"é 7o) #EF A} (Figure 4, Figure 5).

-

Figure 4. & v}$29 7+%4, H&E, X100.
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Figure 5. HHTS o+ #}$-29] 7+%32. H&E, A,C, X100, B,DX200.
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ARBA 4-2. BHEY AP A% ANAGE F9 AB2A9 in vivo BHABH R FHRH
B8 A7

2. Al ¥ %9y
=
9] 47 SPF ICR "}929 653 47 nude miceZ The Jackson Lab. 2.2 E T3}

U R EE 48 2 AXEFE ol & LAY Hm FI}

) 497 B %

SPF ICR A4 20 wte]l& F 1 3] 90 ¥zt A4 LDso% HHT1.34 mg/ml)E& v o] Fof &
i, 7Y dExdd s v AdarE TS
2) 7 #E g42EY
7%s BHgse] dAEAS 9ste] HHT 5+ 1 3 90 43t Fo8x 5 ¢ %3 % heparine©] *
2 ¥ capillary tubes o] &3te] 7 AP nhg-29 —?%ﬂ@‘ﬂ%(retro orbital sinus)o. ZHE] dHS
AFsEA T AFE HAE FA 5000 rpmell A 15 B3F A4 Eelste] F5He A4S BEste] o
3t A 7] (CIBA  Corning 550  Express, USA)% ol g3lel  ZHrTy  HHEHE gl

glutamate-oxalate-transferase(GOT), glutamate-pyruvate—transferase(GPT), bilirubine 2 alkaline
phosphataseZ & 9 x}5 4] 7] (Hithachi)) & o]-&3te] A&7+ AfolE& 43519t}

3) 2t9] 2484 Al

HHT 5 1 3 90 ¥zt Folsta 5 o A3 F vhe2E 3AYAA =utz 57F& A7jste
SetH oz hAWe Hoihd fFE g o, 10% T4 EXEIdo] Yol 24 A o]
aAsAY. 2AHANZ F 4 2HES ZEE BE FE3 FAS 70, 80, 90 ¥ 100% <=
GAAH o ® A7l T paraffin FH2ES AA EEA (SHANDON, Histocentre 2, USA)E
o] g3ate] Eujstar uAA 7] (LEICA, RM2045, Germany)2 ¢F 4 ume A2 2HdHAS Azt H

Qa
[e]
& E (Hematoxylin & FEosin) €A% 31 xylenel® T3l AAS AR S permount® 5 35H4]
1513 n) A o2 #aEk o).
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3. 2% %

uZ

b A% ga8d AF

HHTS + 1 3] 90 ¥zt

o Zzte] 4AE B
Grunwald-Giemsa 3 &

2 bAoA ST T

(RBO)7F 9do=z E9to

of i Aol o] o] gl tH(Table 2).

Z

7ol A A E
%o})o] = HHT A

g
g+(RBC)E ) Z7 3 homo- harringtonine

=

Table 2. HHT & 1 3 90 ¥zF T3l 5 4 F3 5 4T A4 AR

51 B HHTS O 2
12+ 22} 3k

WBC, no. X103/uL 3.25£0.730 2.84%£0.230 2.45%+1.030 4.215+£0.195
Differential count (%)
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 1.894+0.620 3.765%0.205
Eosinophils 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. X10s/uL 7.87%£1.050 8.96x0.520 9.8£1.100 9.235%+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

2.62+0.550 3.6£3.600 3.08%+0.800 2.475%+0.355
Total RBC
Platelets, no. X103/uL 521+148 656.5+£59.5 808+40 555.5£0.5
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1}, Blood histological analysis

2 (A) HagS of HHTHRoH(B,0)2 45 A8 71 F7kstdla, A717F Fobxl A&
£ 4 th(Figure 6). A8 =717} 22 A9, hemoglobin® Aol HABFA 0w dojd 75 o]
At}

r-\m
X

ozt 715 #4E aa
HHT + 1 3] 90 ¥zt Fodsta 5 o AHF 43 & 7)s @ G409 dods F43 23 2

2bd e g AR YA s HHTR Aol &9 AdTFE Fo3 dixatol vlsto] &4

I} #FHHE G492 glutamate-oxalate-transferase GOT), glutamate -pyruvate-transferase(GPT)

cholesterol(Chol) 2 alkaline phosphatase(ALP) E5 A5 %ol 1F &40 A3t oy v s 23

Me 7 &4 FE 24(GOT, GPT, Chol, ALP) 25 A7golsit

(Figure 7).

Y
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Figure 7. HHTS o3 iz

HHT & 1 3] 90 943 Fosta 5 4 AT A3 & s #dasre] d98 #48 2o 2
Ao =83 FASA AP HATF o] T3 A dF2 Fol3k o =dd Hlate] k&4
3 PHEE F49 bilirubine & F7FE o] dd o FHAH o2 glucose & #HAE 9

A& bilirubine’} #H4F 3L glucosex= S7FE Y. tiz+3  HHTFo T+ Alold
(Figure ).
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A (B)
Figure 9. ]&7 7Z=3(A) ¥ HHTHEH T w29 7H=F(B). H&E, X200.

01

v, A XHGEH F3F
HHT -Zr 1 3 90 A FAsta 5 d A & A S &21str] 913 lymph nodedll & T-cell®}
% g S sty dodn WA H 75 #xE JIgFS

Table 3. HHT A &¥d u}$-2¢] B220-positive cell ¥ CD11lc—positive cell € %9 vl

Nz 121 Bt AT AT
B220+a 1st Exp 25.21 22.32 23.24 25.32
2nd Exp 23.93 21.23 24.19 23.18
CDllc+b 1st Exp 1.19 2.38 1.93 2.34
ond Exp 2.00 1.82 1.79 1.93
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